Editorial Comments:

1. Title Comment Regarding “Multi-Parameter Flow Cytometric Analysis”: This part is not highlighted in the text. Please make the title reflect the highlighted section as this will be shown in the video. Or change the highlight accordingly.

Response: We have amended the title to say Digestion of Whole Mouse Eyes for Multi-Parameter Flow Cytometric Analysis of Mononuclear Phagocytes. The entire goal of this protocol is to perform multi-parameter flow cytometry. The highlighted section of the text includes the digestion of mouse eyes, preparation of the digestion into a single cell suspension, followed by the staining of the cell suspension with a cocktail of cell surface markers in order to perform multi-parameter flow cytometry. The highlighted section does not include the actual running of flow cytometry because that part is simply sitting at the machine and would only be relevant to readers and viewers with the exact same flow cytometer. However, the sample preparation is translatable to all potential readers and viewers who seek to use this technique. 

2. Title Comment Regarding “Mononuclear Phagocytes”: this part is not well introduced in the introduction and not clearly described in the protocol. 

Response: Mononuclear phagocytes are introduced on line 55-56 which are the first and second sentences of the introduction. We added “for Mononuclear Phagocytes” to 4.0 of the protocol so that the title of this highlighted section of the protocol now states: “Staining of Cell Suspension for Mononuclear Phagocytes” to add clarity.

3. Abstract Comment Regarding “fluorescence minus one control”: please bring out clarity on this.

Response: Fluorescence minus one controls (FMOs) are described in 5.6, 6.4, and Line 495-505 of the results, which explains how the FMO controls are used to draw positive gates are cells. Additionally, we changed the abstract from “drawing gates using FMOS” to “delineating positive gates using FMOs” to add clarity.

4. Introduction Comment Regarding “Mononuclear phagocytes, which are composed of monocytes, macrophages, and dendritic cells, have been implicated in the pathophysiology of multiple ophthalmic conditions including uveitis, diabetic retinopathy, and age-related macular degeneration (AMD).”: Please add citation.

Response: A citation has been added.

5. Introduction Comment Regarding “the laser-induced CNV model”: what is the significance of this?

[bookmark: _GoBack]Response: We added the following sentence: “Laser-induced CNV is the standard mouse model of neovascular AMD, which demonstrated the efficacy of current first line neovascular AMD therapy.” Line 163-164

6. General Comment of Protocol: We cannot film the notes section, I have removed the highlights. If anything needs to be filmed, please make an action step in imperative tense.

Response: All notes are no longer highlighted. We have confirmed that the highlighted section is 2.5 pages.

7. Comment in Note 1.1 Regarding “In our experience, systemic perfusion did not reduce the number of microglia, monocytes, macrophages, or dendritic cells detected in untreated whole eyes.”: Are there any citations supporting this claim? Please include.

Response: This section was a major concern of Reviewer 3. To address this concern, we subjected mice to laser and performed perfusion experiments to compare our macrophage numbers in both untreated and laser treated mice, and with and without systemic perfusion. Figure 5 shows this data which will be discussed in the results. The sentence now reads: “In our experience, systemic perfusion does not reduce the number of microglia, monocytes, macrophages, or dendritic cells detected in untreated or laser treated whole eyes (Fig 5).”

8. The editor added “Then cut the optic nerve with a pair of scissors” to section 1.3. 

Response: Section 1.3 now reads, “Pull eye laterally until the optic nerve is the only remaining connection to detach the eye. The optic nerve often severs with tension, but a small scissor is sometimes necessary to cut the optic nerve.” The scissor is only needed sometimes. We removed the note below 1.3 since the new sentence clarifies both issues.

9. Comment in 3.2 regarding “flow buffer”: composition?

Response: The composition of flow buffer is described in the Table of Materials. To make this more clear, we capitalized “Flow buffer”.

10. Comment in 4.9 regarding “antibody staining solution”: All the antibodies are added together? Please somewhere bring out clarity on the choice of antibody for detection of mononuclear phagocytes with citation. why a particular choice was made to detect a particular cell type with citation.

Response: That is correct, all antibodies are added together in one solution or cocktail. We have amended the section to add clarity. 4.9 now reads, “Add 50 ul of antibody staining solution (see Table 1 for choice and amount of each antibody that is included in the solution) per 5 x 10^6 living cells directly to cells in Fc block and mix completely. Incubate for 30 minutes at 4 C.” Regarding the choice of antibodies, these are extensively discussed in the second paragraph of the introduction from Line 64-85 with citations.

11. Comment on 4.10 Note: This note describes action. Please convert it into numbered action step.

Response: This was a note because this step is optional. This step is now 4.11 and reads “OPTIONAL: After antibody staining, the samples can be fixed with 500 l of 2% paraformaldehyde  in flow buffer. Fix samples for 15 minutes at room temperature. Then, perform one wash as described in 4.10. Store fixed samples at 4 C. Count beads should be added on day of flow cytometry data collection. Fixed samples should be run on flow cytometer in 1-2 days.”

12. Comment of 5.3.5 Note: This can be moved to the results, instead.  

Response: This section is now the first paragraph of the results.

13. Comment on representative results: Please describe the result with respect to your experiment, you performed an experiment, how did it help you to conclude what you wanted to and how is it in line with the title.

Response: The beginning paragraphs of the results section describe proper gating, FMO controls, and quantitative analysis. The experiment is described in the final paragraph. We lengthened, extended, and further highlighted the experiment to address this concern. The final paragraph of the results section now reads (Line 535-549): “Macrophages infiltrate the choroid after laser injury11, and macrophage depletion reduces CNV area14. These older studies rely upon immunofluorescence imaging, which cannot reliably differentiate mononuclear phagocytes, or fewer markers for macrophage identification using flow cytometry. Macrophage heterogeneity is an emerging concept in innate immunology, where macrophages are capable of performing multiple functions depending upon their origin and tissue microenvironment12,13. We performed multi-parameter flow cytometry on untreated and laser treated mouse eyes on Day 3 after laser injury to identify mononuclear phagocytes and macrophage heterogeneity. Laser treatment increased MHCII-, CD11c-, and CD11c+ macrophages by 7.0-25.6, 2.8-7.2, and 3.9-8.2 fold respectively (Fig 5A-C). Dendritic cell counts were also up-regulated 4.5-4.7-fold by laser (Fig 5F). Microglia and monocyte counts were not affected by laser treatment (Fig 5D-E). No significant differences were detected with or without systemic perfusion prior to enucleation. These results demonstrate increased macrophage populations and dendritic cells after laser injury with no change to microglia or monocytes. Furthermore, these data highlight how multi-parameter flow cytometry can detect macrophage heterogeneity.”

14. Comment on figure and table legends: In the figures, please include percentage of cells obtained in each gating.

Response: We added the percent of parent to Figures 2-4 as requested. 

15. Comment on discussion: please include critical steps in the protocol as well.

Response: Line 676-677 states, “The method of digestion, in section 2 of the protocol, is the most critical, while other steps in sections 3 - 5 have been used successfully on multiple tissue types”. This sentence is followed by a discussion of the critical step.

Reviewer #3

1. The lack of perfusion means that there is nothing to separate out circulating and intraocular immune cells. Based on this reviewer's experience there is a significant change specially in a healthy eye that has very little immune cells other than the microglial and maybe a few dendritic cells. The lack of difference the authors state with the laser wounded eyes may be because of the loss of the blood-ocular barrier that has allowed infiltration of cells from the periphery that overwhelm the cell number of intraocular immune cells. Still, there is no ability without perfusion for an analysis to focus on only the immune cell populations within the eye, resident or infiltrating.

Response: To address the reviewer’s concerns, we performed an experiment comparing untreated and laser treated eyes without systemic perfusion, to untreated and laser treated eyes with systemic perfusion of 15 ml ice cold HBSS via cardiac puncture directly after euthanasia and prior to enucleation. The results of the experiment are presented in Fig 5 and discussed in Line 535-548 of the results section. Laser treatment increased MHCII-, CD11c-, and CD11c+ macrophages both with and without systemic perfusion compared unlasered eyes. There was no statistical difference between no perfusion + laser and perfusion + laser-treated eyes. Dendritic cell counts were also up-regulated by laser both with and without perfusion. Microglia and monocyte counts were not affected by laser treatment.

Reviewer #4

Major Concerns:
1. The paper reads well, but another paper which compares inflammatory and resident myeloid populations in various models (EAU/EIU) and goes further wrt CNV (processing choroid and retina separately) is Flow cytometric analysis of inflammatory and resident myeloid populations in mouse ocular inflammatory models Sidath E.Liyanagea Peter J.Gardner JoanaRibeiro EnricoCristante Robert D.Sampson Ulrich F.O.Luhmanna Robin R.Ali James W.Bainbridge
https://doi.org/10.1016/j.exer.2016.08.007. This should be cited.

Response: We have added a discussion of the key differences between our gating strategy and Liyanagea et al in Line 641-648 of the discussion, which states, “Liyanage et al recently reported a similar gating strategy to detect neutrophils, eosinophils, lymphocytes,  DCs, macrophages, infiltrating macrophages, and monocytes. Our gating strategy primarily differs by the addition of CD64. Liyanage et al identifies DC as CD4-CD8-B220-CD11b+CD11c+ cells, and macrophages as CD4-CD8-B220-CD11b+CD11c-NK1.1-Ly6G- cells. We identify DC as CD4-CD8-B220-Ly6G-SiglecF-NK1.1-CD11b+CD11c+CD64- cells and macrophages as CD4-CD8-B220-Ly6G-SiglecF-NK1.1-CD11b+CD64+ cells. The use of CD64 to discriminate DC from macrophages is well established, and this strategy allows us to identify macrophage heterogeneity, including CD11c+ macrophages.

2. In their approach: "retinal microglia can be differentiated from monocyte-derived macrophages by their dim levels of CD45 expression and high levels of Tmem119" but it is already well-recognised that microglia can upregulated CD45 expression during inflammation and that monocytes can downregulate CD45 during inflammation/activation (see Muller et al In J Cancer 2015, Cosenza-Nashat et al, Brain Pathology 2006, Sedgwick et al Journal of Imm 1998, and De Martinis et al Immunol Cell Biol 2004 for good papers on this). Therefore CD45 low population may not include microglia at-all, but also other cell types.

Response: This technique of discriminating microglia from macrophages is effective both in the retina and brain. This technique has been published by O’Koren et al (PMID: 26856416, PMID: 30850344) and Makinde et al (PMID: 32174913) both at steady state and in models of inflammation. We are currently preparing a manuscript using the Cx3cr1-CreER ; Rosa26-f-stop-f-GFP mouse. This mouse will label all Cx3cr1+ cells as GFP+, including monocytes, macrophages, and microglia. After a 4 weeks wash out period, the monocytes recycle and only tissue resident macrophages are GFP+. We performed laser 4-6 weeks after tamoxifen treatment and performed multi-parameter flow cytometry. We found that all CD45dim cells remained GFP+, demonstrating that they are microglia or tissue resident macrophages, and are not infiltrating immune cells. This data is beyond the scope of the Jove manuscript but is copied below for your review.

[image: ]

3. It is also becoming increasingly recognised that microglia lose their homeostatic transcript (Tmem119 is generally considered part of the homeostatic transcript) upon activation (e.g. Holtman et al Acta Neuropathologica Communications 2015, Bell et al Front Immunol 2020, Zrzavy et al Brain 2017, Sousa et al EMBO Biol 2018, O'Koren et al Immunity 2019, Krasemann et al Immunity 2017). Some Authors have already shown microglia can downregulate or lose expression of Tmem119 during perturbation (see Keren-Shaul et al Cell 2017). Therefore, it needs to be acknowledged that these markers for differentiation are not always fully specific for microglia depending on context as part of the introduction. It is currently unclear if changes in CD45/Tmem119 expression occurs during AMD and represents unknown/novel information. It seems like tmem119 was not used in the current study, and only simple pulling-apart of CD45 dim/high (of CD11b+ cells) was used to distinguish what they describe as microglia.

Response: A previous reviewer asked for us to include Tmem119 in our introduction regarding microglia. You are correct that we did not use Tmem119 in our protocol, just CD4-CD8-B220-SiglecF-NK1.1-Ly6G-CD11b+CD45dimCD64+ cells. We agree that many aspects of microglia biology remain unknown and uninvestigated. We have added “Upon microglia activation, however, CD45 can be up-regulated and Tmem119 may be down-regulated, demonstrating the complexity of microglia biology and this is likely relevant in both AMD and its mouse model” of the introduction to Line 80-82 to satisfy this concern.

Minor Concerns:
1. It might be nice for the data from the empirical study to be included as a supplementary? (optional)

Response: In the discussion (Line 682-688), we have added more detail to our iterative digestion optimization. It now reads, “We arrived at our digestion conditions through an iterative method that involved: (1) testing of chemical digestion method (Collagenase D vs digestion enzyme), (2) determination of length of chemical digestion (30, 60, and 90 minutes), and (3) addition of mechanical digestion (none, once, twice, three times). At each step we judged the success of the digestion conditions by cell viability and number of CD45HiCD64+ (infiltrating macrophages) cells. We found that digestion enzyme (see Supplementary Table of Materials) recovered more live cells than Collagenase D, and attempting half of the digestion enzyme concentration resulted in fewer infiltrating macrophages. Next, 60 minutes of chemical digestion with mechanical digestion nearly doubled the infiltrating macrophage populations. Three mechanical digestions was optimal with 25-30% live cells of singlets and the most infiltrating macrophage populations. Finally, faster digestion conditions caused severe loss of both live cells and macrophages.”

2. Regarding 2.6: "gentle rotation" is not described with enough detail for another researcher to replicate. Is this at room temperature, chilled, and what speed/rpm? 

Response: We have changed 2.6 to read: “Place dissociation tube inverted onto electronic dissociator and run cycle “m_brain_03_01”, consisting of 1 min unidirectional rotation at 200 rpm at room temperature, which is a pre-loaded program. Ensure all tissue is at the bottom of the dissociation tube in contact with digestion buffer for this and all remaining steps.”

3. Regarding 2.7: what speed?

Response: The speed is 200 rpm. This has been added to 2.7.

4. No indication of % cell viability (Figure 2) using their iteratively determined digestion conditions. What would be helpful is to include this in relation to their iterative method used to determine the final conditions?

Response: Figures 2-4 now includes the percentages of parent, which include % Live Cells of Singlets. Additionally, in the discussion (Line 682-688), we have added more detail to our iterative digestion optimization. It now reads, “We arrived at our digestion conditions through an iterative method that involved: (1) testing of chemical digestion method (Collagenase D vs digestion enzyme), (2) determination of length of chemical digestion (30, 60, and 90 minutes), and (3) addition of mechanical digestion (none, once, twice, three times). At each step we judged the success of the digestion conditions by cell viability and number of CD45HiCD64+ (infiltrating macrophages) cells. We found that digestion enzyme (see Supplementary Table of Materials) recovered more live cells than Collagenase D, and attempting half of the digestion enzyme concentration resulted in fewer infiltrating macrophages. Next, 60 minutes of chemical digestion with mechanical digestion nearly doubled the infiltrating macrophage populations. Three mechanical digestions was optimal with 25-30% live cells of singlets and the most infiltrating macrophage populations. Finally, faster digestion conditions caused severe loss of both live cells and macrophages.”
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