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Darren O’Hara
Post-Doctoral Fellow
Krembil Research Institute
UHN
Toronto

31st December 2020
Dear Dr. Nguyen,

Re: Manuscript JoVE62062

[bookmark: _Hlk59459668][bookmark: _Hlk60903430]Thank you for the opportunity to re-submit our manuscript “Semi-quantitative method to determine dopaminergic neuron density in the substantia nigra of rodent models using automated image analysis software.”

We have now addressed the key concerns raised by the reviewers and made the appropriate changes to our manuscript (see our detailed point-by-point response below). Specifically, we performed unbiased stereology to verify our findings according to the requests of two of the reviewers.  Our results using unbiased stereology show a significant positive correlation with our initial results using the automated image analysis software. Furthermore, we have added a limitations section which addresses the valid concerns of the reviewers. 

We hope that we have sufficiently addressed the reviewers comments and our work is now acceptable for publication in JoVE. We believe that our method has significant utility in providing a time efficient, semi-quantitative estimate of cell density, and we are confident that our manuscript will provide valuable information on assessing dopaminergic neuronal survival for the field of Parkinson’s disease research and the wider field of neurodegeneration.
 
We thank you, and the reviewers for considering our work for publication. 
Sincerely, 
Darren O’Hara
 

Editorial comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Please define all abbreviations at first use.

Authors’ response: The manuscript has been proofread to ensure there are no spelling or grammar issues and have defined all abbreviations at first use. 
	
2. Please make your title concise to fit it within 150 characters: Quantification of Dopaminergic Neuron Number in the Substantia Nigra of Viral Vector-Based α4 Synuclein Rat Models

Authors’ response: The title has been amended: “Semi-quantitative method to determine dopaminergic neuron density in the substantia nigra of rodent models using automated image analysis software” which is 146 characters with spaces.

3. For in-text formatting, corresponding reference numbers should appear as numbered superscripts 
after the appropriate statement(s), but before punctuation.

Authors’ response: This change has been made in the revised manuscript.

4. 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: HALO™ (Indica :Labs, Corrales, NM, USA); ThermoFisher P21962; Thermofisher 32-8100; Dako, Agilent Technologies, Inc., Santa Clara, CA, USA; Zeiss LSM 880; ZEN Black software (Zeiss, Oberkochen, Germany; ZEN blue (Zeiss) etc.

Authors’ response: All commercial language has been removed in the revised manuscript and replaced with generic terms. All commercial products have been referenced in the Table of Materials and Reagents.

5. Being a video based journal, JoVE authors must be very specific when it comes to the humane treatment of animals. Please include an ethics statement before all of the numbered protocol steps indicating that the protocol follows the animal care guidelines of your institution.

Authors’ response: An ethics statement is now provided prior to the numbered protocol steps (Lines 93-95).

6. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. Please add more details to your protocol steps. 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. Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.

Authors’ response: We have added more specific details to the protocol steps in the revised manuscript.

7. 2.1: Please describe the process of anesthetization or cite a reference if this will not be part of the video.

Authors’ response: More details on anesthetization are provided in Sections 2.1 and 2.2 (Lines 109-112).

8. 2.2: How is transcardial perfusion to be done? Please provide details.

Authors’ response: More details on transcardial perfusion are provided in Sections 2.3 and 2.4 (Lines 113-120).

9. 2.7: Instead of “grape-sized amount”, please provide a measurable quantity.

Authors’ response: We have replaced “grape-sized amount” with “until it forms a circle 2cm in diameter and 0.5cm thick” on Line 133.

10. 3.7: How do you use the range indicator to ensure that the signals are not overexposed?

Authors’ response: More details on the range indicator are provided in Section 3.7 (Lines 173-175).

11. 4.6: What settings you use for these parameters, and what is the goal of this adjustment?

Authors’ response: More details on the goal of adjustments in the software are provided in Section 4.6 (Lines 200-206).

12. After including a one line space between each protocol step, highlight up to 3 pages of protocol text for inclusion in the protocol section of the video. This will clarify what needs to be filmed.

Authors’ response: We have highlighted the text to be filmed in yellow. 

13. Please include a scale bar for all images taken with a microscope to provide context to the magnification used. Define the scale in the appropriate Figure Legend.

Authors’ response: Scale bars have been added to all images taken with a microscope and defined in the appropriate Figure Legend.

14. Discussion lines 265-267: Did you use stereotactic injection here in this study? If so, please clarify in the protocol. If not, please cite that reference.

Authors’ response: We clarify that stereotactic injection was used in the study and cite a reference in Section 1.2 (Lines 100-103).

15. Please include a Disclosures section, providing information regarding the authors’ competing financial interests or other conflicts of interest. If authors have no competing financial interests, then a statement indicating no competing financial interests must be included.

Authors’ response: Disclosures section is now included immediately after the Acknowledgements (Lines 396-397).

16. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage–LastPage (YEAR).] For more than 6 authors, list only the first author then et al. Please include volume and issue numbers for all references. Please do not abbreviate any journal names.

Authors’ response: Reference formatting have been changed to adhere to these guidelines.

17. Please sort the Materials Table alphabetically by the name of the material.

Authors’ response: Materials Table has been sorted in this manner. 


Reviewers' comments:
Reviewer #1:
Manuscript Summary:
This manuscript describes an image analysis method for estimation of cell numbers in a defined region of interest. The idea to speed up the process of dopaminergic SN neuron quantification is important and, as indicated by the authors, urgently needed.
However, I have major concerns regarding the scientific accuracy of this method described.

Major Concerns:
Although I like the idea that quantification of cell numbers can be done automatically by a software and thus can save precious time for the researcher, the method described is not sufficient to do so. It is rather a step backwards from what we nowadays know about cell quantification. There is a reason why design-based unbiased stereology is so complex and why neuroscience field has moved from 2-dimensional quantification (as here presented) forward to design-based unbiased stereology, because the reliability and reproducibility is superior for many reasons. The here presented method is inferior because of the following reasons:

a) not unbiased and I completely disagree with the authors claim that "having a blinded observer identify regions of interest in the SNpc removes all bias…" Does this mean that every blinded analysis is unbiased?

[bookmark: _Hlk59957120]Authors’ response: A blinded observer can mitigate confirmation or selection biases but we agree with the reviewer that it does not remove all bias from the analysis. Therefore, in the Discussion section in the revised manuscript, we have replaced the words “removes all biases” with “mitigates confirmation or selection biases” to make this more explicit (Lines 367-369).

b) does not give an estimated absolute cell number but a cell density,

Authors’ response: We have highlighted this point in the Limitations section (Lines 375-389) we have now added to the revised version of the manuscript. We have also emphasized that HALO provides semi-quantitative measurements (eg. Line 364). To further emphasize this point and avoid any potential for confusion, we have changed the title of the manuscript to include “semi-quantitative”.

c) cell size will matter with this method. This has already been taken into account 70 years ago by Abercrombie in 1946 (Estimation of nuclear population from microtome sections, Anat Rec., 1946). The method described here totally neglects this fact.

Authors’ response: The method can and does take a minimum cell size into account. As mentioned in the Protocol, sections are 40µm thick and the pinhole is opened to allow a section of around 1.5µm to be imaged in a single plane in the middle of 40µm section (Section 3.1). Furthermore, it is possible with this approach to assess for changes in cell size which can be monitored as part of the analysis. Being able to assess for significant differences in cell size (within the limitations of this approach) will allow the investigator to understand if this contributes to the findings. We further re-iterate that the benefit of this approach is its efficiency in testing potential therapeutics in the Limitations section (Lines 375-389) we have added to the revised manuscript.

d) The data from cell counts underline the inaccuracy and lack of efficacy of the method, since the authors find on the injected AAV-A53T SNpc around 40 cells/mm2, in the AAV-A53T uninjected side 123 cells and in the AAV-EV injected side 276, in the AAV-EV uninjected side 215 cells/mm2. I wouldn't expect a <50% reduction of the AAV-A53T uninjected side compared to EV and a difference of >30% comparing AAV-EV injected to non-injected side.

Authors’ response: The reviewer raises an important concern and we do make the point that care should be taken when comparing the injected and uninjected sides. We believe a large part of the discrepancy arises from focus and not the quantification performed by HALO. The focus is set using the injected side and because of the section thickness, the uninjected side is often slightly out of focus. As such, the revised manuscript highlights comparisons between injected hemispheres between mutant A53T α-syn (AAV-A53T) empty vector AAV (AAV-EV) groups (Lines 228-238). We include the comparison between injected and uninjected sides (Lines 249-257) in order to highlight limitations in the Discussion section. We also make it clear that, due to these concerns, we recommend that each side should be imaged separately if labs wish to use this within-subjects comparison (Lines 349-350). 

To verify that the method is at least as good as traditional counting methods such as unbiased design-based stereology the authors should verify if there is a significant difference between these methods (including all slices). For this, one needs to find a mathematical method to calculate from mm2 the absolute estimated number of neurons.

Authors’ response: In the revised manuscript, we have performed stereological counts in sections from the same animals (Figure 5C,D). Correlational analysis between the absolute cell number quantification by stereology and the HALO cell number (cells/mm2) yielded a significant positive correlation, suggesting that HALO can be used to provide a semi-quantitative assessment of cell numbers. As we emphasize in the revised version of the manuscript, we believe HALO and similar software platforms can provide semi-quantitative measures of dopaminergic neuron number (Line 364). In studies focused on determining the relative differences between groups or treatment conditions (and not necessarily quantifying absolute cell numbers), cells/mm2 measurements have utility to account for differences in size of region of interest. 

In which aspects is the described method advantageous over or at least equivalent to AI Aiforia that authors cite?

Authors’ response: This comparison is outside of the scope of the current study. We are not stating that one program is superior to another. Each program is expected to have its own advantages and disadvantages, but the more salient point here is that programs in which you train the AI with annotated examples can provide semi-quantitative estimates of cell numbers using digital technologies that are adaptable to quantitate pathology. While our lab has not used AIFORIA, our understanding is that their platform is primarily AI based in the cloud whereas HALO is not. HALO offers 5 AI networks that can be used for quantification at the cellular level using algorithms to analyze macro-cellular objects including the segmenting of nuclei and phenotyping them across a study, microcellular objects such as glomeruli, as well as modules for multiplex IHC or highplex FL that can quantify fluorophores, and provide outputs such as cell intensity in the nucleus, cytoplasm and/or membrane, cell area, total tissue/analysis area, etc. In the revised manuscript, we make reference to AIFORIA and cite a recent publication utilizing the software program to quantify dopaminergic neuron numbers in the SNpc (Lines 353-355). We have not included the name of the software program in the manuscript as we have been instructed by the editor that JoVE cannot publish manuscripts containing commercial language.

Minor Concerns:
In the introduction, the authors describe that the contralateral uninjected SNpc acts as control for the injected side. Contrasting this statement, the results part describes in the first part the comparison of AAV-A53T to AAV-EV as controls. This is shown in Fig 4. This is then followed by comparison of the injected side with the uninjected side in both AAV-A53T and AAV-EV rats. The authors should to modify their statement in the introductory part since it contains only part of what they have done.

Authors’ response: The sentence in the Introduction has been amended in the revised manuscript to focus on the between-subject comparison performed between AAV-A53T to AAV-EV groups (Lines 85-87).

In line 256 authors describe that ' it is important to control and minimize potential confounds that may reduce the reliability '. How do they exclude possible alterations due to photobleaching or differences in staining intensity throughout the process of quantification? This information should be added.

Authors’ response: We have included control samples that have been processed, stained and analyzed in a uniform fashion to rule out potential confounds that are introduced during the preparation of the tissue for analysis. To make this clearer in the revised manuscript, we have included the following sentence (Line 328-330): “Antibody incubation times are uniform throughout the protocol and the Focus is set in the minimum time possible to avoid photobleaching.”

The AAV titer is weird. If it's the same AAV used by the Koprich/Brotchie group then it's around 1/1.000.000 concentration since the Brotchie group uses around 2.55-5.10 x 1012 gp/ml. The authors here use 3.4 x 106 gp/ml (since its an AAV it should be gp rather than vp) and interestingly find loss of neurons.

Authors’ response: This was a typo and has been corrected in the revised manuscript (Lines 102-103).


Reviewer #2:
Manuscript Summary:
In this manuscript O’Hara et al. describe the protocol to quantify dopaminergic neurons in rat brain with an automated software (Halo), as an alternative to the time-consuming stereology methodology. The procedure is thoroughly explained from stereotactic injection of the AAV vector to the complete analysis using the Halo software.

Major Concerns:
* Figure 5 Lines (212 to 215). The average values for the non injected (123 for aSYN inj animals, 215 for EV animals) or EV injected (276) are quite variable (almost 50% variation) despite this should be the same. How can you explain this? One would like to see the raw numbers to be able to see these quantifications and how reliable they are. In stereology uninjected values remain with little variation between animals. This is important to measure a lesion. If you present this as % from the uninjected side, you will have an incorrect estimation if your uninjected side is so variable. One would like to have a constant number of cells in the uninjected side, otherwise lesion quantification is not reliable with this software.

Authors’ response: The reviewer raises an important concern and we do make the point that care should be taken when comparing the injected and uninjected sides. We believe a large part of the discrepancy arises from focus and not the quantification performed by HALO. The focus is set using the injected side and because of the section thickness, the uninjected side is often slightly out of focus. As such, the revised manuscript highlights comparisons between injected hemispheres between mutant A53T α-syn (AAV-A53T) empty vector AAV (AAV-EV) groups (Lines 229-239). We include the comparison between injected and uninjected sides (Lines 249-257) in order to highlight limitations in the Discussion section. We also make it clear that, due to these concerns, we recommend that each side should be imaged separately if labs wish to use this within-subjects comparison (Lines 349-350).

Minor Concerns:
Despite it is proposed as a good option to scan for therapeutic options for PD, the fact that you need confocal images makes it a less high-throughput option. If this could be done with chromogenic staining DAB and scanned with a slide-scanner instead it would allow to accelerate the quantification method. If chromogenic staining would not be an option, despite this is the preferred staining for stereological quantifications. The authors should specify if getting a single focal plein is needed (confocal image). 

Authors’ response: HALO is compatible with chromogenic staining with DAB and digitized whole slide images using a slide-scanner, but this is not recommended when working with 40µm sections as we are here, since we would need to manually set the focus for each slide. A sentence has been added in the Discussion (Lines 371-373) to account for future advancements in slide-scanning technology which will allow for better imaging of thick sections. 

On top of this it would be good if the authors provide some more information regarding the following points:

* Line 93, specify volume and total amount of viral vector genomes or particles injected.

Authors’ response: The volume and total amount of viral particles injected are specified in Section 1.2 in the revised manuscript (Lines 102-103).

* Line 139, specify magnification used. Single z taken or several in each section? How is this selected (middle or depending on focus? This will change the number imaged per section. Do you select a specific Z per section quantified?

Authors’ response: Details regarding magnification (10x), pinhole size (1.5 AU) and selection (focus on the injected SN) are specified in Section 3.1 in the revised manuscript (Lines 161-163).

* How many sections are captured per animal and needed?

Authors’ response: In the Representative Results section (Lines 236-239), we state that “…4 sequential sections per animal were analyzed. Previous studies have shown significant differences with as little as 3 sections, but analysis can be further increased up to 12 sections to encompass the whole SNpc depending on the model and intervention being studied by the investigator.”

Variability would be more visual if individual animals are presented as dots in a graph instead of a bar. Additionally, specify if the error bars are SD or SEM. Additionally adapt the graphs axis from 5A and 5B same values.

Authors’ response: We have included values from individual animals as dots in the revised figures. We indicate that error bars are SEM in the revised manuscript.




[bookmark: _Hlk59984066]Reviewer #3:
Manuscript Summary:
O'Hara et al. describe the usage of the HALOTM image analysis platform as an automated method for the quantification of dopaminergic (DA) neurons in the substantia nigra of pre-clinical Parkinson's disease models, in particular, the AAV-alpha-synuclein A53T overexpression model. The development of a method that provides time efficient and accurate determination of DA cell number is relevant to the field of PD research in order to assess the potential of new disease-modifying therapeutics in a cost-effective and reliable manner (reducing human error and increasing reproducibility). The HALOTM image analysis platform was previously developed by Indica Labs and this study validates its utility in a pre-clinical PD model like the AAV-Syn model. The protocol is clearly written and generally very detailed, although some important information is missing regarding the image software analysis. In addition, comparison of their method with the gold standard method for quantification, unbiased stereology, should be performed in order to really evaluate the added value of the current protocol. The method here presented is promising but essential information is missing to really show it is an "accurate, quick and relatively inexpensive procedure".

Major Concerns:
Specific comments on the protocol:

1- Stereotaxic injection: indicate that the AAV injection is done unilaterally in the right side of the brain (right or left side, according to the preferences of each lab), in order to strengthen that the contralateral uninjected side is used as an internal control for the injected side.

Authors’ response: More details on unilateral AAV injection are provided in Section 1.2 (Lines 100-103).

2- Point 4.6 refers to "accurate representation of each individual cell as a single cell … is vital for accuracy". Which criteria are used to define what a TH cell is? Is presence of TH immunostaining in focus the only criteria? Are cells where the nucleus excluded from TH staining is not visible also considered? Please consider adding a figure with representative images of the criteria used to show the system what a positive cell is.

Authors’ response: Figure 3 in the revised manuscript contains several images displaying optimization of cell detection using the Cytonuclear method in HALO. Real-time tuning of the cytonuclear module permits altering Nuclear Contrast Threshold, Minimum Nuclear Intensity, Nuclear segmentation Aggressiveness, and Nuclear Size and is described in the revised text (Section 4.6) . 

3- Point 4.7 indicates the process should be repeated with a minimum of 10 separate samples. How is this number determined? Have the authors performed the analyses using 5, 10 and 20 samples for example and estimated that with 10 samples the error between the estimate and the real nº of cells is less than 10%, as a universal criteria for acceptance of the error, and thus that sampling 10 samples is sufficient?
Authors’ response: This number was determined by repeatedly sampling real-time tuning across a variety of sections, projects. In our hands, it has repeatedly been found that this represents a sample whereby the software has “learned” what a cell is, and manual counts by eye do not differ from those generated by the software. 

4- Point 4.8 mentions additional cell markers like asyn or NeuN, please add the antibody reference and dilution for NeuN immunostaining.

Authors’ response: The reference has been included in the Table of Materials.

5- Point 4.12: please indicate an estimate of the number of hours of analysis for a given number of images. This number is essential to evaluate if the method here proposed is really better in terms of time efficiency compared to other available methods.

Authors’ response: The revised manuscript (Lines 217-219) includes an estimate of the number of mins of analysis time required for each brain (i.e., 5 min). So for an N = 10 as presented, it would take about 1 hour (Section 4.12).

6- Point 4.14: quantification of DA neurons in preclinical studies is usually given as the absolute number of DA cells in the SNpc, rather than as the nºcells/mm2. Please include this calculation in your protocol.

Authors’ response: As we emphasize in the revised version of the manuscript (Lines 364-365), we believe HALO and similar software platforms can provide semi-quantitative measures as a surrogate of dopaminergic neuron number. In studies focused on determining the relative differences between groups or treatment conditions (and not necessarily quantifying absolute cell numbers), cells/mm2 measurements have utility to account for differences in size of region of interest. 

7- Is the HALO software freely available or is there a license to be paid? Is the license for one computer or several, annually or for a limited number of analyses (hours)? All this information seems important to determine if the method is "relatively inexpensive" as the authors claim.

Authors’ response: HALO software requires a license to be paid per computer it is installed on. Our license agreement was negotiated by the University Health Network’s Advanced Optical Microscopy Facility and Indica labs and is available to use on fee-for-use basis ($10/hr). Therefore, the overall cost will depend on the institutional resources available, but it can be relatively inexpensive when it is available through a core facility. We have not included this information in the manuscript as we have been instructed by the editor that JoVE cannot publish manuscripts containing commercial language. 

8- Consider adding a figure with a graphical workflow of the procedure to better illustrate the different steps.

Authors’ response: We have added a figure with a graphical workflow of the procedure (Figure 1) as suggested.

Specific comments on the representative results:

1- Quantification of DA neurons in preclinical studies is usually given as the absolute number of DA cells in the SNpc, rather than as the nºcells/mm2. To present the results in nºcells/mm2 makes it difficult to compare to other published results. Maybe data could be presented in both ways: as nºcells/mm2 and as absolute numbers.

Authors’ response: Unlike stereology, the method cannot provide an estimation of absolute cell numbers but instead calculates cell density. We have included this point in the Limitations section we have now added to the manuscript (Lines 377-380). As we emphasize in the revised version of the manuscript, we believe HALO and similar software platforms can provide semi-quantitative measures of dopaminergic neuron number (Lines 364-365). In studies focused on determining the relative differences between groups (not differences in absolute cell numbers), cells/mm2 measurements have utility to account for differences in size of region of interest. 

[bookmark: _Hlk59986032]2- Line 198: please indicate that samples were analyzed 6 weeks after AAV-injections, in this kind of progressive models it is important to know the time-point of analysis to contextualize the results.

Authors’ response: The 6 week time-point is specified at the beginning of the Representative Results section (Line 229).

3- The protocol here described only used 4 sequential sections per animal instead of 12 sections to encompass the whole SNpc. This "simplification" of the protocol can introduce an important bias in the interpretation of the results specially in models dependent on the stereotaxic injection of AAVs above the SNpc. Despite the stereotaxic coordinates to target the SNpc are very well established, these types of procedures always carry some degree of inter-animal variability. The whole SNpc should be considered to improve the accuracy of the results.

Authors’ response: Using the model presented here, we have not noticed a significant difference in our ability to discriminate groups when we have increased the number of sections analyzed from 4 to 6. This is not unexpected since the 4 sequential sections we typically analyze contain the densest proportion of TH+ cells in the SNpc and more importantly also contain the region immediately around the area of AAV injection where the effects of mutant α-syn are the most prominently noted. We have added a sentence in the revised text indicating that sampling the whole SNpc may need to be considered for other models (Line 238).

4- Comparison of the obtained results in AAV-EV and AAV-Syn A53T rats with their method and with the gold standard method for quantification, unbiased stereology, should be performed in order to really evaluate the added value of the current protocol. Correlation analyses would strengthen the utility of the proposed method.

[bookmark: _Hlk60153930]Authors’ response: Comparison between AAV-EV and AAV-Syn A53T rats and correlation between counts provided by HALO and unbiased stereology are included in the revised manuscript (Figure 5D). Correlational analysis between the absolute cell number quantification by stereology and the HALO cell number (cells/mm2) yielded a significant positive correlation, suggesting that HALO can be used to provide a semi-quantitative assessment of cell numbers.
	
The authors might want to add a point in the discussion about other types of artificial intelligence systems that have recently been described for similar purposes (i.e. Aiforia, for example).
Authors’ response: We have added the following sentence with a citation referring to a paper utilizing AIFORIA to count dopamine neurons in substantia nigra (Lines 353-355): “Other programs are available and are increasingly being adopted to study neuropathology, including the quantification of dopaminergic neuron loss in experimental models of PD (Penttinen, 2018).” We have not included the name of the software program in the manuscript as we have been instructed by the editor that JoVE cannot publish manuscripts containing commercial language.

 pg. 1	
image1.jpeg
loronto
Western
Hospital





