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Dear Editor,

[bookmark: _GoBack]I’m writing to submit our revised manuscript (JOVE JoVE62403) entitled, “Application of Ultrasound (US) and Shear Wave Elastography (SWE) Imaging in a Rat Model of NAFLD/NASH” for consideration as a JoVE Biology Methods video article. We addressed majority of reviewers and your comments in this revised version. Please see our rebuttal response in ‘RED font’ below.

Sincerely,
Dinesh Hirenallur-Shanthappa
Corresponding Author
Pfizer Inc
1 Portland Street
Cambridge, MA 02139




Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
2. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
3. 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.
For example: Purina LabDiet, Supersonic Imagine, Aixplorer, Fujifilm VisualSonics Imaging Station, etc.
4. Line 127: Please specify the inhalant used for anesthesia. Please include the details regarding the concentrations used for induction and maintenance.
5. Line 160/162/164: For time units, please use abbreviated forms for durations of less than one day when the unit is preceded by a numeral. Do not abbreviate day, week, month, and year. Examples: 5 h, 10 min, 100 s, 8 days, 10 weeks
6. Please include a one-line space between each protocol step and highlight up to 3 pages 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. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
7. Please move the Figure Legends section to the end of the Representative Results section.
8. Figure 1: Please remove any commercial content from the Figure/ Figure legend. Please use generic terms instead.
9. Figure 2: Please consider removing the image and replacing it with an image that does not contain any commercial content. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent.


Authors Response to Editor Comment: Thanks for reviewing the article suggesting changes. We made all recommended changes to the manuscript. 






____________________________________
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
Thank you very much for the opportunity to review this well written and interesting manuscript. Moring et al. describe the application of Ultrasound and Shear Wave Elastography Imaging in a longitudinal assessment of steatosis and fibrosis in pre-clinical animal model. There is indeed an unmet need for a reliable, reproducible assessment method for progression of liver disease in NAFLD/NASH animal models that does not involve terminal collection of organs or a liver biopsy. This imaging method is described in detail and some preliminary data on the correlation of their model with histology, the current gold standard, is provided. However, the experimental part of the manuscript severely lacks in detail and is insufficient in its current form. A few major points need to be addressed by the authors before this manuscript can be published.

Major Concerns:
1. Why did the authors choose a rat model instead of the more commonly used mouse model for NAFLD/NASH? Could the authors comment on this crucial point and a potential applicability of the methods used to a mouse model?
Authors Response:
We have performed experiments to validate the shear wave elastography (SWE) imaging application to assess the NAFLD/NASH phenotype in both mouse and rat models. Validation results in both the rat and mouse are very similar. Notably, the mouse validation part of the data has been considered for a different publication and was also presented at the AIUM 2018 meeting (Swanson T et al, 2018 Scientific Program. J Ultrasound Med, 37: S1-S220. https://doi.org/10.1002/jum.14750). The SWE liver imaging approach is similar between mice and rats. In the revised manuscript, we have added the following statement to clarify: “As in the rat NASH model, SWE imaging in the CDAHFD- induced NASH mouse model showed excellent correlation between liver elasticity values and percent of PSR positive staining area in liver (internal unpublished results).  Thus, SWE can be a valuable tool to assess liver fibrosis in both rat and mouse preclinical models of NAFLD/NASH.”

2. Details about the animals used is completely absent in the manuscript. Could the authors outline what strain they used, how old the animals were, how many animals they used per group, how they were housed (SPF?) etc.?
The requested information has been updated under protocol section 1 on page # 4 and 5.

3. At what age of the animals was the experimental diet started?
Rats were placed on the special diet about 6 to 7 weeks old. This is based on standard weight vs growth curve data for Wistar Han rats. We updated this information under protocol section 1.

4. Generally a simple figure outlining the experimental setup would help in better understanding the protocol used.
I agree with the reviewer’s suggestion that a schematic of the experimental set up would be helpful. However, since detailed steps are incorporated in the written version and there will be a video describing the imaging method as well as image acquisition and steps, we think that it may be redundant. 

5. Results: What statistical tests were used for the analysis of the data? The authors provide significant levels in their figures but do not mention p-values. Please also provide the mean H:R index for the two groups in the results section.
Information about the statistical tests used has been added under protocol section 8.  Also, added mean H:R index values have been added in the results section.

6. Figure 4, Figure 5: Please also provide representative pictures of the liver histology to be correlated with the ultrasound imaging for Oil Red and Picro Sirius Red stainings respectively.
Figures 4 and 5 have been updated with representative PSR and ORO-stained histology of the liver. 

7. Methodological details on the histological analysis is lacking.
We have now included detailed description of the ORO and PSR staining in the protocol section under 7.

8. Introduction, page 4, line 89: Could the authors discuss the already existing literature on the topic more in detail and comment how their model and technique is to be seen in this context?
The existing literature lacks detailed technique and methodology information on the application of SWE imaging in preclinical models of NASH. We have now included this statement in the introduction to the revised manuscript (page # 3, line 93, 94). To clarify, we have also stated the main goal of the manuscript in the last paragraph of the introduction (line # 102).

9. Protocol, Page 9, line 239: How big was the difference between the individual measurements? Was there a difference in the results if the author took 3 or 5 different measurements?
In this study we acquired only 3 images at each time point for B-mode and SWE images to calculate HR and elasticity. We updated this information in the protocol section 4.5. However, in the past we have compared the average H:R index and SWE values using 3 to 5 images per time point in a mouse study and observed negligible differences in the average values of these readouts.  For example, the average elasticity values calculated from 3 and 5 images are 5.77 ± 1.10 and 5.68 ± 0.96, respectively, in a control group. Similarly, the average elasticity values calculated from 3 and 5 images at the 12-week time point in CDAHFD mice are 10.94 ± 1.43 and 11.09 ± 1.41, respectively. 

10. Protocol, Page 9, line 259: it is unclear what software was used to retrieve the "B Ratio" number and the "Q Box" and what it exactly refers to. It would be helpful to the reader if the authors could comment on these points.
We used a tool built into the ultrasound system software in order to measure the elasticity of the liver for the ROI. Similarly, the B-mode ratio is measured using a built-in tool that measures the ratio of renal to liver tissue brightness. We made edits in the protocol section to clarify this.  

11. Could the authors provide a rough estimate of the costs involved with the equipment? This would be a major help for research groups to decide if they are able to implement the imaging methods described in this manuscript. 
Multiple companies manufacture ultrasound equipment with the capability for shear wave elastography. The authors believe that listing the price of SWE equipment is outside the scope of this manuscript.

12. Discussion, page 13, line 341: The authors take their conclusion one point too far. These surrogate markers ARE already used in clinical practice today. The authors provided a protocol for application of the techniques in laboratory animals not the other way around. 
We agree with the reviewer and have made the appropriate changes to the conclusion of the manuscript. 

13. A limitations section is generally missing. Could the authors comment on the limitations of their imaging method? What are potential obstacles to a widespread implementation of US imaging for assessment of liver injury in NAFLD/NASH models?
We have added a paragraph in the discussion section to highlight limitations of these imaging methods for assessing NAFLD/NASH in preclinical models (line # 560 to 569). 

Reviewer #2:
Manuscript Summary:
It is with great pleasure that I receive the paper entitled "Application of Ultrasound and Shear Wave Elastography Imaging in a Rat Model of NAFLD/NASH" to review. I see commitment from authors with scientific method and a great work done.
Authors propose the combination of two non-invasive techniques to evaluate the progression of liver injury in murine using pro-NASH diet compared to normal chow. They used Ultrasound 2D Imaging for fat accumulation analysis, through hepatorenal index (HR), and Shear Wave Elastography (SWE) for fibrotic establishment evaluation. Data obtained from imaging was comparable to golden standard histological Liver Biopsy staining with great positive correlation. Data demonstrate the aggravation of NAFLD/NASH from 3 to 12 weeks of induction.

Major Concerns:

Hepatorenal (HR) index is criticized in clinic, but in combination with other parameters it can provide robust data on the establishment and progression of steatosis in the liver. This study shows a clear increase in HR index from 3 to 12 weeks of induction, demonstrating the worsening of steatosis. However, the figure representing the normal HR index does not appears to reproduce data described in text [B ratio = 0,43 in Figure4A (3 weeks) instead of "close to 1", cited in line 271]. 
We agree with the reviewer’s comment that the HR index should be close to 1. However, we noticed that liver brightness in control rats was consistently lower than the brightness of the kidney cortex on B-mode images. As a result, we observed an average HR index ranging from  average of 0.5 to 0.7 in control rats. To reflect this observation, we edited the results section to add the mean H:R index of control rats and selected different representative images for Figure 4A. 

SWE is one of the emerging techniques that can support clinical investigation of liver injuries. However, literature suggests that SWE sensibly differentiate between severe instead of significant fibrosis. Authors must emphasize that since the induction protocol is intimately related to degree of the injury. Should say more; It has already been cited that different conditions such as inflammation, outflow tract obstruction and congestion of the liver can alter organ's stiffness, leading to biased data. In addition, different etiologies have different cut-off values for stiffness.
The reviewer correctly mentions some important limitations of SWE. We have thus added a paragraph in the discussion to outline these limitations of the SWE technique for assessing liver fibrosis and mentioned the requirement for additional studies to establish cut-off values for SWE and HR indices in different preclinical models of NAFLD/NASH. 

The use of automatic TGC requires attention because 2D Gain is linked to the US signal received and can interfere with image brightness, masking real information. It could be interesting to investigate the establishment of a 2D Gain value with small deviation.
We agree that 2D gain is linked to the US signal that is received, which can interfere with image brightness when one uses the auto TGC. It would be interesting to further investigate the effect of 2D gain on the HR index. However, since we measured brightness of the renal cortex and liver parenchyma on the same B-mode image at the same tissue depth and the HR index is expressed as a ratio of these measurements, using automatic TGC likely has a negligible effect on the final HR index readout. Thus, we have not further investigated the effects of 2D gain values. 


Minor Concerns:
Monitoring of NAFLD is extremely important, since this pathology emerges as a silent, costly economically and dangerous disease worldwide. I must agree that the possibility of using a non-invasive technique for stratification of hepatic diseases is necessary in clinic. Invasive puncture of the liver is until now the most widely used technique so far, and I understand it is sometimes extremely necessary, but the improvement that is present today in Clinical Imaging Technology is fundamental and necessary to avoid diagnosis through invasive procedures. It is important to emphasize that SWE is a powerful technological resource in follow-up studies. Serial comparison of multiple time-points certainly can demonstrate the progression of the disease.
Thanks for recognizing the value of SWE on assessing liver fibrosis in the clinical and preclinical NASH field. In our concluding paragraph, we have stressed the robustness of this technology and advantages of using this tool to assess disease progression in a longitudinal fashion. 
