Please note that the reviewers raised some significant concerns regarding your method and your manuscript. Please revise the manuscript to thoroughly address these concerns. Additionally, please describe the changes that have been made or provide explanations if the comment is not addressed in a rebuttal letter. We may send the revised manuscript and the rebuttal letter back to peer review

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The manuscript "Isolation and in vitro culture of bone marrow derived macrophages for the study of NO-redox biology" describes a novel, standardized method for differentiation of bone marrow derived macrophages designed to improve NO-redox biology studies. The aim is clearly expressed in the title.

The protocol has been previously used by the authors, demonstrating the advantages of this culture method in past publications. The present manuscript includes a very detailed explanation of the protocol and materials, thorough enough to replicate it successfully. In my opinion, the publication of this protocol would be of great value for researchers in the macrophage biology field in general.

We thank the Reviewer for their helpful response and comments and have taken the appropriate steps to address them and improve our manuscript. Specific alterations are detailed below in response to each concern.

Major Concerns:

No

Minor Concerns:

I propose a few minor revisions:

-It is important to indicate the percentage of differentiation to macrophages obtained using the M-CSF and GM-CSF. I.e. assessing CD45+/CD11b+ expression by flow cytometry.

Culture purity must be provided as part of the characterization.
 
We agree that this is an essential value to include as part of our characterisation and have updated our manuscript as suggested to refer to our previously published work covering this in additional detail. Our previous work, now cited in this current article, provides additional information on the characterisation of the cells. The text now included is:

“The protocol described herein has been demonstrated to produce a macrophage culture above 95% purity when assessed for the macrophage surface markers CD45 and CD11b by flow cytometry6”.


-It would be informative to indicate the approximate number of precursor cells obtained from a given number of legs, following this protocol. 

We agree that this would be very useful to any reader of this manuscript. We have now included this and have adjusted the manuscript as follows:

“A complete pair of legs from one mouse provides 15-20 million pre-cursor cells.”

-Page 2, line 14: "tetrahydrobiopterin (BH4)- and iNOS deficient primary murine macrophages" is missing a dash after iNOS…tetrahydrobiopterin (BH4)- and iNOS-deficient primary murine macrophages.

We thank the Reviewer for their insightful comments and have edited manuscript accordingly.

“tetrahydrobiopterin (BH4)- and iNOS- deficient primary murine macrophages”


-Page 4, line 119: refers to "25 mm gauge needle" but Table Materials (Page 14) refers to needle 25G 0.5x16mm", clarify one.

We agree with the Reviewer’s comments and have edited manuscript accordingly…

“to a 25G 0.5 x 16 mm needle”

-Page 4 Line 134: Starting from point 4 the authors missed sub-labeling 4.1, 4.2 and so on.

We have edited the manuscript accordingly.

-Page 4 Line 147, the authors refer to point 6.6 which is missed. Sub-labeling really helps in following the steps.

We have edited the manuscript accordingly.

-Page 6 Line 179, check the sub labels because it gets confusing, for step 9.4 writing sub levels 9.4.1-9.4.2-9.4.3 would make it more clear.

We agree with all of the above and have edited the manuscript accordingly.

-Table Materials, typo in Multidish 12…

We have edited the manuscript as suggested.

-Table Materials, DMSO without product details should be removed

We agree with all of the above and have edited the manuscript accordingly.





Reviewer #2:

Manuscript Summary:

The manuscript presented by M. Diotallevi describes a method for obtaining primary bone marrow-derived macrophages suitable for studying the role of various treatment conditions related to NO metabolism. The rationale behind the well-described protocol is the elimination of factors influencing NO generation by unknown compounds, which may be present in poorly defined culture media. For demonstrating the suitability of their protocol, authors use primary macrophages from mice with a conditional GTP-cyclohydroxylase (GTPCH) deficiency and show the expected reduction in NO production in their model.

Major Concerns:

There are some issues, which either should be addressed, or modified.

1) Authors aimed at establishing a protocol to enhance reliability and reproducibility of results related to NO metabolism of primary macrophages, however, they do not show data regarding their improvements. One possibility would be to show the results obtained with the new protocol in comparison with the previous. Also, it would be helpful to show the reproducibility of experiments done at different time points, or comparing the responses of macrophage preparations from different mice. 

Thank you for these comments. We have updated the protocol to highlight the advantages of our method over the previous L-cell supplementation strategy. To this end, we directly compared both media formulations (L-cell and recombinant MCSF) before exposure to cells (Figure 2). In this revised manuscript, as suggested by this Reviewer, we also now show data testing the effect that these media formulations had on BMDMs following isolation and culture (Figure 4). In summary, the new method of culture using highly controlled conditions allows the culture of cells in media that is lacking in both BH4 and nitrite, compared to significant amounts found in L-cell conditioned media with low and high levels of FBS. 

We have now included this in the ‘Representative Results’ section to further detail why one might select our method over the previous method. In addition we have provided some context from our previous work which further detailed this protocol in a different model….

“Before demonstrating the efficiency of this protocol in macrophages, nitrite and BH4 levels were assessed in media supplemented with 10% of FBS containing either 10% of LCM or only recombinant M-CSF and GM-CSF. Nitrite, although considered for a long time as an end product of nitric oxide metabolism, is now regarded as a physiological storage of nitric oxide which can be recycled when required and thus is often used as an indicator of nitric oxide bioavailability. BH4 is an essential cofactor of NOS for NO production. As seen in Figure 2, media supplemented with 10% FBS had similar nitrite levels regardless of the presence of M-CSF/GM-CSF or LCM. However more variability in between different LCM batches was observed. This observation also applied to the BH4 measurement. In fact, one batch of LCM (batch #3) had significantly higher level of BH4 than the other two (batches #1 and #2). Furthermore, LCM batches contained significantly more biopterin than in media supplemented with 10% FBS and recombinant cytokines. Significant variability of total biopterins between batches were also measured. These results demonstrate the importance of using a less variable source of M-CSF than LCM.

Moreover, media supplemented with 10% FBS contained significantly higher levels of nitrite  compared with media containing either 2% or 5% of FBS. The difference between 10% and 5% was highly significant (p<0.05) for BH4. However, similar levels of biopterins were quantified. In comparison, OptiMEM + 0.2% BSA was devoid of nitrite and BH4, making it a very clean and suitable media. However, as described by Bailey et al, although OptiMEM is meant to be used only once overnight when stimulating macrophages, cell death due to starvation was observed. To overcome this issue, DMEM:F12 supplemented with 2% of FBS was chosen, allowing minimal nitrite and BH4 contamination, while containing sufficient nutrients to obtain healthy cells. Indeed, despite some nitrite being detected, levels are negligible (~0.2 µM) compared to LPS/IFN stimulated WT macrophages (30 to 80 µM for 1x106 cells; data not shown).”

And most relevantly, how would be the results, when using a stimulant, which is a less strong iNOS inducer, compared to LPS/interferon-gamma treatment, since this is expected to render less homogeneous results, when the surrounding conditions are poorly defined.

Concerning the use of a “less strong iNOS inducer”:

Whilst we agree that this would be an interesting experiment and certainly relevant to the scientific findings if this current work, we respectfully consider that this would not contribute to the aims of the manuscript which are to develop, present and characterize a new protocol. More information on iNOS activation in BMDMs can be found in our recent works cited herein. 

However, to address the interesting comment made by the Reviewer – a reduced induction of iNOS stimulation would result in a diminished level of NO. It would therefore be expected that the presence of nitrite and/or BH4 in the culture media would then have a larger impact on the measurable levels of these compounds. Our demonstration that the measurement of these compounds is confounded in the presence of a strong inducer would only be further exemplified in the presence of a weak inducer where the contribution from contaminated sources would be even greater. 

2) In terms of reproducibility it is very important to indicate the number of animals that was used for the results displayed in Fig. 2. Is n=1 referring to one animal? If not, it would be more convincing to show results derived from different animals. If no data are available, please address this issue in the discussion.

We acknowledge the ambiguity in this portion of the manuscript and have edited the figure and text accordingly. Each ‘n’ represents one mouse.
	
3) Since authors claim that this protocol eliminates the potential influence of unknown compounds, especially biopterins, on NO metabolism, it would have been interesting to correlate the presence of these compounds with the NO production. Is it really possible to determine nitrite by Griess reaction in non-stimulated macrophages under these circumstances?

This is indeed a very interesting experiment, but one that the Authors believe would detract from the main aims of this protocol for JoVE. The current work describes a protocol that diminishes contaminating species below the level required to have significant effects on NOS. We have modified the manuscript to highlight the conditions where BH4 and/or nitrite are present, and this does indeed correlate with the relative medias – each giving the different results with respect to cellular BH4 and the resulting production of nitrite. A more detailed analysis would be very interesting, but would require exposing cells to different levels of tamoxifen to titrate the levels of BH4 and nitrite accordingly, beyond the scope of the objectives of this article. 

As the Reviewer suggests, the Griess assay is not the most sensitive of assay, however it is sufficient to detect levels of nitrite in media, and that produced from activated cells. Other methods could be used where investigators are requiring a more sensitive analysis, such as in endothelial cells. 

[bookmark: _GoBack]4) Authors suggest that their protocol is suited for studying the role of redox biology, especially the formation of reactive oxygen and nitrogen species (ROS and RONS), but no evidences are given. To my opinion, the manuscript would greatly benefit from showing the respective data. Particularly, since deletion of GTPCH is expected to enhance production of ROS, and thereby to impact on cell viability. 

We agree with the reviewer’s comment of the importance to include evidence of altered ROS and RNS following GTPCH deletion. We therefore updated our manuscript accordingly to refer to our previous work which examines the consequence of GTPCH deletion by measuring superoxide anion and nitric oxide. This has been added throughout the manuscript. (McNeill et al, 2015. FRBM).

5) To my opinion, the nitrite content in the cell culture medium must be normalized with the underlying cell number, since absence of tetrahydrobiopterin (BH4) deviates iNOS to produce ROS, and excess of ROS may compromise cell viability. Further it would be nice to demonstrate the dependence of the NO generation, and thus the functionality of the experimental model, by using dihydrobiopterin (BH4 precursor, PMID: 7678692) to overcome the GTPCH-deficiency. Please add pictures of both cell types treated with LPS and tamoxifen to the Fig. 3.

We agree with the reviewer’s comments about cell viability. Although other constitutive forms of NOS readily become ‘uncoupled’ from arginine oxidation in the absence of BH4, the evidence that this happens to iNOS is inconclusive. Indeed, we have previously demonstrated increased ROS (not from NOS) in GCH deficient macrophages, but this has no effect on cell viability. We have now added pictures of Gchfl/fl and R26-CreERT2Gchfl/fl following tamoxifen treatment, as requested to Figure 5. Again, the effects of supplementation using dihydrobioptein would be interesting, but this can be found in other publications outlining the downstream effects of BH4 in macrophages. (McNeill et al, 2015. FRBM). 

Minor Concerns:

1) Please edit the manuscript according the following points: please spell out abbreviations at the first time they are used followed by the abbreviation in parenthesis (line 29, 47, 85, line 161). Do not use captitalised letters, when inappropriate (line 35). Please use uniform abbreviations (GTPCH vs GCH in line 45 and line 211 respectively), and congruent name for substances (iNOS vs NOS2, line 256).

Thank you for these comments, we have adjusted the manuscript as appropriate in the noted locations.

2) Line 64: authors state that macrophages of iNOS deficient mice were used. However, data from these macrophages were not shown. Please comment or specify.

Thank you for this comment. The data from iNOS deficient mice has been published by our group previously and we saw this as an appropriate opportunity to demonstrate the efficacy of this protocol in a new model which focuses on BH4 deficiency. This is also more relevant given the presence of biopterins in the alternative L-cell media method as demonstrated now in our updated figure 1. 

3) Omit line 89.
Manuscript has been corrected. 

4) Line 143: please add the receipt of the lysis solution.
This product is purchased ready to use and has been added to the table of materials.

5) Line 164: please subscribe index.
This has been altered as suggested.

6) Line 174: please format adaequately.
Formatting has been corrected throughout the protocol.

7) Line 198: please spell out full name of GCh1 gene and add annotation number.
Thank you for bringing this to our attention, the manuscript has been corrected accordingly. 

8) Line 199: please use uniform format for referencing to figures (bold, or normal, see line 202).
Thank you for bringing this to our attention, the manuscript has been corrected accordingly.

9) Line 202: how was the volume of ethanol solution added in % of the entire incubation medium?
We understand that this needs clarifying and have adjusted the manuscript as follows.
“(both vehicle and tamoxifen stock diluted 1:100 in media before 7.0 μL added to 1 mL existing culture volume)”

10) Line 227: please indicate the relevant reference for the details of the construction of the GTPCH1 deficient mice in the legend. Please add GTPCH (and thus its role for NO metabolism) in the scheme.

We have updated the scheme as requested to clarify this figure. 

11) Line 235: please indicate culture time and incubation conditions for each stimulant in the figure legends. Please indicate the relevant references for the methodological details (immunoblotting, PCR, Griess reaction, ect) in the legend, or add details.

We have included time and incubation details in the figure as requested and updated the legend. 


12) Lien 238: please indicate the concentrations of tamoxifen used in the legend, and add the tamoxifen treatment in the respective figures.

Thank you for pointing this issue out. We have adjusted the relevant portions of the manuscript as appropriate.


13) Line 282: Please specify how batches were tested for biopterin levels, or give the respective reference.

Thank you for highlighting this oversight. We have now included the reference for this work at the appropriate place in the manuscript.

Bailey, J. D. et al. Isolation and culture of murine bone marrow-derived macrophages for nitric oxide and redox biology. Nitric Oxide. 100-101 17-29, (2020).


Reviewer #3: 

Manuscript Summary:

Mouse bone marrow cell purification and macrophage differentiation are techniques that deserves an audiovisual publication. That would be very helpful for researchers starting out on such experiments.

The authors propose the use of pure growth factors, which makes the procedure more expensive and may not be essential when the cells will be used for another purpose, but it is important to study BH4 deficit.

The steps listed in the procedure are clearly explained and all materials are listed.


Major Concerns:

Although the model is well explained, I consider that the appropriate control is the comparison of the expression of iNOS or the production of nitric oxide in macrophages obtained using both protocols.

"The aim of this study was to establish an optimised and standardised method for the isolation and culture of BMDMs."

To achieve the objective it would be desirable to observe the difference with the traditional method.

Thank you for this comment. This is closely related to a previous issue raised by reviewer 2 and hence we have addressed both comments in the same section. 

We have updated the protocol to highlight the advantages of our method over the previous L-cell supplementation strategy. To this end, we directly compared both media formulations (L-cell and recombinant MCSF) before exposure to cells (Figure 2). In this revised manuscript, as suggested by this Reviewer, we also now show data testing the effect that these media formulations had on BMDMs following isolation and culture (Figure 4). In summary, the new method of culture using highly controlled conditions allows the culture of cells in media that is lacking in both BH4 and nitrite, compared to significant amounts found in L-cell conditioned media with low and high levels of FBS. 

We have now included this in the ‘Representative Results’ section to further detail why one might select our method over the previous method. In addition we have provided some context from our previous work which further detailed this protocol in a different model….

“Before demonstrating the efficiency of this protocol in macrophages, nitrite and BH4 levels were assessed in media supplemented with 10% of FBS containing either 10% of LCM or only recombinant M-CSF and GM-CSF. Nitrite, although considered for a long time as an end product of nitric oxide metabolism, is now regarded as a physiological storage of nitric oxide which can be recycled when required and thus is often used as an indicator of nitric oxide bioavailability. BH4 is an essential cofactor of NOS for NO production. As seen in Figure 2, media supplemented with 10% FBS had similar nitrite levels regardless of the presence of M-CSF/GM-CSF or LCM. However more variability in between different LCM batches was observed. This observation also applied to the BH4 measurement. In fact, one batch of LCM (batch #3) had significantly higher level of BH4 than the other two (batches #1 and #2). Furthermore, LCM batches contained significantly more biopterin than in media supplemented with 10% FBS and recombinant cytokines. Significant variability of total biopterins between batches were also measured. These results demonstrate the importance of using a less variable source of M-CSF than LCM.

Moreover, media supplemented with 10% FBS contained significantly higher levels of nitrite  compared with media containing either 2% or 5% of FBS. The difference between 10% and 5% was highly significant (p<0.05) for BH4. However, similar levels of biopterins were quantified. In comparison, OptiMEM + 0.2% BSA was devoid of nitrite and BH4, making it a very clean and suitable media. However, as described by Bailey et al, although OptiMEM is meant to be used only once overnight when stimulating macrophages, cell death due to starvation was observed. To overcome this issue, DMEM:F12 supplemented with 2% of FBS was chosen, allowing minimal nitrite and BH4 contamination, while containing sufficient nutrients to obtain healthy cells. Indeed, despite some nitrite being detected, levels are negligible (~0.2 µM) compared to LPS/IFN stimulated WT macrophages (30 to 80 µM for 1x106 cells; data not shown).”



