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Dr. Upponi:

Enclosed for review at JoVE is resubmission of the manuscript entitled “Functional and morphological assessment of diaphragm innervation by phrenic motor neurons.” 

We have addressed all of the comments of the three reviewers, as well as the editorial comments. We have enclosed along with the manuscript a point-by-point set of responses to each reviewer comment, and we have made all of the necessary changes to the manuscript text and figures. We appreciate the helpful comments of the reviewers, and we feel that the changes made based on their input have made for an improved manuscript.
I hope that you will be able to send this resubmission back to the original reviewers. If so, I look forward to their comments. If there are any questions that I can answer, please feel free to contact me.

Sincerely,

Angelo C. Lepore, Ph.D.

Dear Dr. Lepore,

Your manuscript JoVE52605R2 'Functional and morphological assessment of diaphragm innervation by phrenic motor neurons' has been peer-reviewed and the following comments need to be addressed. 

Please keep JoVE's formatting requirements and the editorial comments from your previous revisions in mind as you revise your manuscript to address peer review comments. For instance, if formatting or other changes were made, commercial language was removed, etc., please maintain these overall manuscript changes. 

Please use the "track-changes" function in Microsoft Word as you revise your manuscript text to address these comments. When you have revised your submission, please upload the revised document along with an additional word document with individual responses to each of the editorial and peer review comments below. Please provide either (1) a description of how the comment was addressed within the manuscript or (2) a rebuttal describing why the comment was not addressed if you feel it was incorrect or out of the scope of this work for publication in JoVE.

Your revision is due by Oct 09, 2014. Please note that due to the high volume of JoVE submissions, failure to meet this deadline will result in publication delays.

To submit a revision, go to the JoVE submission site and log in as an author. You will find your submission under the heading 'Submission Needing Revision'.

Sincerely,

Jaydev Upponi, Ph.D. 
Science Editor 
JoVE
1 Alewife Center, Suite 200, Cambridge, MA 02140
tel: 617-674-1888
Author Response to Editorial and Reviewer Comments

The changes to the manuscript text in response to the editorial and reviewer comments have been noted in red font in the revision.
Editorial comments:

Reviewer comment: Scale bar measurement missing in Figure legend 4.
Response: We have added the scale bar measurement to the figure legend.
Reviewer comment: Your current short abstract is above our 50 word limit; please make sure the short abstract is between 10 to 50 words.
Response: The short abstract is 48 words by our count.
Reviewer comment: Please re-write step 1.3.4 of your protocol section in imperative tense, as if you are telling someone how to do the technique (i.e. "Do this", "Measure that" etc.).
Response: We have modified the first sentence of this step to the imperative tense. However, the second sentence is not a protocol step per se. It is more a point being made that repeated measurements can be conducted on the same animal, if desired. It would not sound correct if written in the imperative tense.
Reviewer comment: Please keep the editorial comments from your previous revisions in mind as you revise your manuscript to address peer review comments. For instance, if formatting or other changes were made, commercial language was removed, etc., please maintain these overall manuscript changes.
Response: We have maintained the changes based on the editorial comments from the prior revision.
Reviewer comment: Please take this opportunity to thoroughly proofread your manuscript to ensure that there are no spelling or grammar issues. Your JoVE editor will not copy-edit your manuscript and any errors in your submitted revision may be present in the published version.
Response: We have proofread the manuscript.
Reviewer comment: If your figures and tables are original and not published previously, please ignore this comment. For figures and tables that have been published before, please include phrases such as “Re-print with permission from (reference#)” or “Modified from..” etc. And please send a copy of the re-print permission for JoVE’s record keeping purposes.
Response: The figures have not been previously published. 

Reviewer #1:

Manuscript Summary: 
In the methods paper by Martin et al, the authors describe two methods of analysis for determining the functional motor innervation of the diaphragm in rodents, the first being CMAP of the diaphragm in a live animal, followed by a protocol for determining innervation of the diaphragm at the NMJ by histochemical methods after the animal is sacrificed. Although both methods are established techniques in use by many labs, CMAP of the diaphragm in rodents is less common, and technical tricks for good staining and imaging of the diaphragm can make or break the outcome of the experiment. Therefore clear explanation of a standardized and robust protocol will be of use to many labs investigating motor function, and this methods paper will be well received.

Major Concerns:

Reviewer comment: …. more explanation on 1.2.4 (placement of stimulating electrodes) would be appreciated. How deep are they inserted? How are they secured?
Response: We have added these details to step 1.2.4.
Reviewer comment: Description of materials sufficient? Yes except for CMAP hardware: Which amplifier? Address for BioAMP?
Response: We agree that this is important information. In fact, we included these details in the original submission, but were asked to remove this commercial information by the editorial staff. Therefore, we have not added this information, despite the reviewer’s request.
Reviewer comment: Are appropriate controls suggested? No controls are described for much of the procedure, although a C4 contusion spinal cord injury is used as a control for reduced phrenic function in rats. Since the protocol does not explain how to do the SCI, it would be good to reference a source of instruction for this as well as relevant animal welfare guidelines.
Response: We have added the appropriate reference to our previous publications describing the C4 hemi-contusion SCI model in the rat.
Reviewer comment: Although the description of the methods is sufficient to follow, the usefulness of the diaphragm CMAP experiments in rodents for studying neuromuscular disease is not clear mainly because you need massive loss in muscle innervation to see differences by CMAP. Diaphragm CMAP is altered in humans with neuromuscular disease, and the authors show altered CMAP in a rat following contusion spinal cord injury, presumably associated with massive phrenic dysfunction. However, despite showing altered NMJ innervation in SODG93A rats, they do not show the CMAP is sensitive enough to correlate with any specific degree of denervation. Do SOD rats have reduced diaphragm CMAP? Moreover, the authors suggest this can be used in mice, which have smaller muscles than rats and therefore generate a smaller CMAP, making the challenge even bigger. If the authors showed a comparison of a healthy animal and a diseased (rather than injured) one, and demonstrated a significant difference, this would validate the method and allow comparisons to a control.
Response: In this protocol, we describe diaphragm CMAP and NMJ analysis specifically in the rat. Similarities between rats and mice make transfer of these techniques to mice straightforward. We previously showed that partial loss of PhMNs following cervical contusion SCI does result in quantifiable decreases in diaphragm CMAP amplitude that correlate with NMJ denervation. Furthermore, we have shown these deficits in both mouse and rat SCI models. In addition, we have shown quantifiable diaphragm CMAP reduction in both mouse and rat models of ALS (i.e. the SOD1-G93A model) that are associated with more subtle diaphragm denervation by PhMNs compared to cervical SCI, and we have shown that we can detect relatively smaller therapeutic effects on CMAP amplitude of interventions such as stem cell transplantation in these ALS models. Collectively, these findings demonstrate the utility of using these analyses to quantitatively assess both functional and morphological assessment of diaphragm innervation by PhMNs in both rat and mouse models of SCI and ALS. We now include this discussion in the manuscript, as well as relevant references to our previously published studies.
Reviewer comment: Is their CMAP arrangement suitable for MUNE, if done using increasing stimulus intensity?
Response: We have never attempted to use this CMAP protocol for estimating motor unit number estimation; therefore, we did not mention this in the text because we do not have the data to back up any claims. Based on the reviewer’s comment below, we have added the suggested reference for adopting the diaphragm CMAP technique to MUNE.
Reviewer comment: CMAP is a fairly straightforward procedure, but interpreting the size of the response correctly requires some understanding of how it works. For a methods paper, some explanation of stimulus artifacts, how placement of the stimulating electrodes affects the response, direction and amplitude of the waveforms, etc would be important for students learning the procedure or troubleshooting. They could read about this elsewhere, but then what would the point of the article be?
Response: We have added these details to step 1.3.2 of the protocol.
Reviewer comment: There is an excellent methods paper/book chapter on CMAP/MUNE for mouse hindlimb muscles that the authors might reference for readers interested in adopting the technique to MUNE: Ngo & Bellingham "Neurophysiological Recording of the Compound Muscle Action Potential for Motor Unit Number Estimation in Mice", Stimulation and Inhibition of Neurons, Neuromethods Volume 78, 2013, pp 225-235
Response: As stated above, we have added the suggested reference for adopting the diaphragm CMAP technique to MUNE.
Reviewer comment: On section 1.3.3, the stimulations are done every 30 seconds. Since the animal is alive and breathing, should the stimulations be done during a specific phase of the animals' respiratory cycle?
Response: We conduct phrenic nerve stimulation during the phase of the respiratory cycle when the phrenic nerve/diaphragm is not active. We have added this to the step 1.3.3 of the protocol.
Reviewer comment: Not clear where abbreviations are spelled out. In 2.2.4, TBP is used but not defined until 2.2.11. A simple list of terms at the end would be good.
Response: We have now written out the name of all abbreviations at their first mention in the text.
Reviewer comment: In 2.3.9, it is not instructed what kind of statistical analysis you suggest.
Response: We have removed mention of statistical analysis because we feel that this is not specific to the NMJ staining protocol.
Reviewer comment: Sections 2.3.10 - 2.3.12 on confocal imaging are for pretty pictures but not used in your analysis, which you say uses epifluorescent scope. Since you are teaching people how to do this, you must show representative pictures that are not from the confocal so that people have an idea of what it will look like. All of figure 4 is confocal, which makes the protocol less instructive to labs that don't have one.
Response: We understand the reviewer’s point; however, showing images taken with the epifluorescent microscope will actually provide an even less informative perspective on what the NMJ morphologies look like for analysis. The diaphragm is stained and analyzed in a whole-mount fashion; therefore, the muscle is quite thick. Consequently, most of the fluorescence staining is completely out of focus when an image is taken using regular epifluorescence microscopy. When we are analyzing the NMJs under the microscope, we actually have to constantly focus up and down through the muscle to properly identify the morphology of each of the individual NMJs. This is very difficult to illustrate in a figure using static epifluorescent images. On the other hand, the confocal images we have included, in our opinion, provide the best illustration of each of the NMJ morphology types that we describe in this protocol. Furthermore, we plan to demonstrate the technique of focusing through the muscle in the video portion of our JoVE protocol to best demonstrate this approach. For these reasons, we still show these confocal images in Figure 4. In addition, we have expanded on our description of how to identify the NMJ morphologies in the protocol text.
Reviewer comment: I don't understand "Representative results" comparing Fig2B (injured) to Fig2C (control), with the interpretation that the "peak CMAP was significantly reduced post SCI" since in your Figure 2C the wave looks smaller. Could these be aligned to the same axis, or labeled more in the figure?
Response: We mis-stated this in the text of the Representative Results section and have now corrected the statement. Panel 2C is the injured trace, while 2B is an uninjured animal.
Minor Concerns:
N/A
Reviewer #2:

Manuscript Summary: 
In this manuscript, by Martin et al., the authors describe two techniques: 1) how to perform diaphragmatic CMAP recordings, and 2) anatomical assessment of diaphragmatic innervation. These are valuable tools that researchers can use in the assessment of rats and mice in both ALS and SCI paradigms. Overall this is a well written manuscript by authors who have extensively produced articles using these procedures. There are some minor points that needs to be addressed.

Minor Concerns:

Reviewer comment: The authors write in the abstract and in the paragraph preceding the Protocol section, utilization of these techniques in mice. However, there is no real description in how to apply these approaches in the mouse (except for section 2.3.9). It is understood that the similarities between the two species makes transfer of these technique to mice easy. The authors should state this explicitly.
Response: We have added this suggested statement to the Discussion section.
Reviewer comment: Is there a preferred anesthetic to use during CMAP recordings (isoflurane or ketamine/xylazine)?
Response: We successfully use both anesthetic approaches, with no preference. We have added this to step 1.1.1 of the protocol.
Reviewer comment: How do you avoid recording from intercostal musculature vs. diaphragmatic during the CMAP recording?
Response: We position the recording surface electrode at a fairly caudal location. Therefore, we are likely not recording from the intercostals. Importantly, when we conduct a phrenicotomy ipsilateral to the side of stimulation/recording, we detect no subsequent CMAP response, suggesting that we are only recording phrenic nerve innervation of the diaphragm with our recording approach.
Reviewer comment: In the Representative Results section, the author write Figure 2B were SCI rats and 2C were laminectomy only controls. In the Figure 2 legend, it is written that panel B was laminectomy only and panel C were contused animals, which I believe is correct when looking at the images. Please correct the Representative Results section accordingly.
Response: We mis-stated this in the text of the Representative Results section and have now corrected the statement. Panel 2C is the injured trace, while 2B is an uninjured animal.

Reviewer #3: 

The article is well written and easy to follow. Steps are clear and logically make sense. The rationale and background are clearly explained.

Major Concerns:
N/A

Minor Concerns:
N/A
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