
Editorial comments:
Changes to be made by the author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version. 

We have checked over the manuscript for spelling and grammar errors before submitting.

2. 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. You may use the generic term followed by “(Table of Materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: VAST BioImager, Vybrant, Excel, LP Sampler, etc. 

	Commercial language has been removed.

3. JoVE policy states that the video narrative is objective and not biased towards a particular product featured in the video. The goal of this policy is to focus on the science rather than to present a technique as an advertisement for a specific item. To this end, we ask that you please reduce the number of instances of "VAST BioImager" within your text. The term may be introduced but please use it infrequently and when directly relevant. Otherwise, please refer to the term using generic language. 

VAST BioImager and LP Sampler have been changed to “a fluorescence microscope equipped imaging unit and automated sampler unit”.

4. Summary: Please shorten it to no more than 50 words. 

	Summary word count = 44.

5. Abstract: Please do not reference Figure 1 here. 

	This reference has been removed.

6. Please use imperative tense throughout the protocol as if directing someone how to do your experiment. Any text that cannot be written in the imperative tense may be added as a “NOTE”.

This has been corrected. Text not in imperative tense has been moved to notes below the protocol steps.

7. 3.2: Please describe how to dechorionated zebra fish. 

A description of both manual and enzymatic dechorionation has been added to section 3.2.

8. 3.5: Please specify the injection site here. 

We specified in the note after section 3.5 that pericardium and yolk were used as injection sites for this experiment.

9. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions and maximum of 4 sentences per step. 

Shorter steps have been combined with 2-3 actions per step with 4 or less sentences per step.

10. After you have made all the recommended changes to your protocol section (listed above), please highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text (including headers and spacing) to be featured in the video. Bear in mind the goal of the protocol and highlight the critical steps to be filmed. Our scriptwriters will derive the video script directly from the highlighted text.

We have highlighted ~2.5 pages of protocol text to be featured in the video.
 
11. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. The highlighted text must include at least one action that is written in the imperative voice per step. Notes cannot usually be filmed and should be excluded from the highlighting. 

	Highlighted text meets these requirements. 

12. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.

	All needed details were highlighted.

13. Please do not highlight any steps describing anesthetization and euthanasia.

	Anesthesia steps were excluded from highlighting.  

14. Figure 1: Please replace "VAST BioImager" and “LP Sampler” with generic terms. 

We updated these terms to “fluorescence microscope equipped imaging unit” and “automated sampler”.

15. Please include a scale bar, ideally at the lower right corner, for all microscopic images to provide context to the magnification used. Define the scale in the appropriate figure Legend.

Scale bars have been added to all microscopic images with scales defined in the figure      legends.


Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The manuscript by Haney and colleagues focuses on a standardized workflow for drug screening in a zebrafish model containing xenografted tumors. The authors use a commercial platform (VAST) to image fluorescent reporter zebrafish treated with drug compounds. Factors such as size and intensity of the fluorescent reporter molecule can be quantified along with proper longitudinal orientation of the fish for high-throughput imaging.

The protocol is overall straight-forward in the presentation of the data and techniques, and can be easily adapted by most fish laboratories interested in developing a more high-throughput means of evaluating drug responses. There are some key technical details that are missing that are essential for a methods-heavy protocol paper such as this one. Minor clarity and typo issues also should be addressed before the manuscript is suitable for publication.

	We thank the reviewer for careful reading of our manuscript and have addressed their  
            concerns as outlined below. 

Major Concerns:
1. A table with the zebrafish lines used fully-reported (citations, and proper nomenclature) for this study is essential. This is needed for the scientist whom is trying to follow this protocol and use these lines as experimental controls. 

We have added as a note after step 3.2 that Casper (roy-/-;nacre-/-) zebrafish were used in this experiment with appropriate citation. This was the only line used for this study; we also noted that any zebrafish strain can be used to carry out this experiment.

2. More details should be given on how the PBMC leukemia patient sample was originally purified. A few sentences and/or a technical citation of this protocol would suffice. 

This was added into a note after step 1.1.

3. A zebrafish rag2 mutant (Tang et al., Nat. Methods, 2014) exists for better engraftment of human tumor cells. The authors should cite this paper, and compare engraftment potential in an immunodeficient zebrafish model versus non-immunodeficient zebrafish. 

The rag2 mutant zebrafish line and its prkdc-/- counterpart are not able to engraft human cells without pre-conditioning with irradiation. The il2rga-/-;prkdc-/- zebrafish line is able to engraft human cells but must be maintained as heterozygotes and genotyped with each cross to identify the double knockout animals. Animals must also be treated with clodronate liposomes to deplete macrophages for engraftment to occur. These issues make this line impractical for large-scale drug screening in larval fish, as we present here, as larvae do not develop an immune system until 7dpf. These knock-out fish would be useful for xenograft in older fish, and we have highlighted the benefits and drawbacks of these fish in the discussion, lines 384-391.

Minor Concerns:
1. Abstract: There is a space missing between "vivo and drug screen" on the first/title page. Not sure if this is a formatting issue as it does not appear later on in the manuscript body.

We have corrected this issue.
 
2. It would be highly beneficial to a user of this protocol to know how many trypan blue-positive (e.g. dead) cells were obtained from the thaw and what type of viability percentages the user can expect. 

This is a good point, and we have added a note after step 1.6. “Viability should be >85% to use for xenografting. In this experiment, cell viability was 96% after thawing, assessed by trypan blue staining.”

3. Please clarify the exact age of the injected zebrafish larvae. It appears to be 2 dpf with the mention of dechorination, but this should be stated explicitly in the methods. 

We have clarified in step 3.5 that 2 dpf zebrafish are anesthetized and injected.

Reviewer #2: 
Manuscript Summary:
This paper presents a thorough yet concise description of xeno-grafting human ALL into 2 dpf zebrafish larvae, performing in vivo drug treatment, and then quantitatively imaging responses by automated VAST and LP Sampler technologies. It is well-written, easily understood, and the introduction & discussions sections have appropriate depth of content and consideration of limitations and alternatives. There are no significant flaws, and I have only minor suggestions for further improvement.

Major Concerns:
none

Minor Concerns:
1. Line 120: PBMCs were used, but not all cells in this sample (or any other PBMC sample) are malignant. Could the authors briefly comment on this? Injecting 500 cells/larva differs if the sample is 20% vs. 90% ALL blasts. Since control & experimental larvae receive identical cell#, it is internally controlled, but xeno-grafts will vary from one cancer sample to another. Obviously, engraftment rates will vary from sample-to-sample too, so brief mention of both of these considerations seems warranted. 

This is a very good point. We have addressed this issue in the discussion, lines 378-381.  

2. Line 183: Could 3 dpf larvae (which don't require dechorionation) instead of 2 dpf larvae be used? Maybe with shorter drug treatment time? If not, why not? 

This is a good thought, however we wanted to stay out of the window where the adaptive immune system starts to form and can confound results of drug screening. Additionally, the older the fish are, the less drug that will be absorbed through the skin. With regards to shortening treatment time, in our hands, we did not see a significant decrease in xenografted tumor mass in drug treated larvae until 72hr of drug treatment, although this may vary depending on drug used. We have added mention of chemical dechorionation with pronase as an alternative to mechanical dechorionation in step 3.2, and added a note after step 4.5 addressing optimal length of drug treatment.

3. Line 248: How many days were larvae treated with drug (this is mentioned later, but seems like it belongs here too), and how long can larvae be treated in 96-well plates? When do they outgrow them? 

Larvae need to be fed after 7 dpf, so drug treatment should not go beyond this timepoint for large scale drug screens for practicality reasons. We have added a range of drug screening options from 2-4 days of treatment in a note following step 4.5.

4. Lines 249-334, Section 5 "Imaging xenografted zebrafish using VAST BioImager and LP Sampler": This entire section is very detailed, perhaps too much so. Most readers likely do not have access to VAST/LPS, so perhaps this level of detail isn't warranted. And if readers do have access to VAST/LPS, maybe they would already be familiar with how to use these instruments? Basically, it's not clear to me whether every click & setting needs to be spelled out. I leave it to the authors to decide... 

Thank you for this feedback, this is a good point. We have edited down this section significantly to include only details that are unique to this experimental setup, which may not be included in training when learning how to use this equipment.

5. Line 352: It seems the preceding sentence refers to Figure 3A specifically, not all of Figure 3. 

	This has been changed to Figure 3A.

6. Line 377: What % of PBMC were T-ALL cells in this particular sample? 

This patient had >90% circulating blasts at time of diagnosis. This was added to line 376. 

7. Line 383: An example dexamethasone-treated fish in Fig. 3A would be great too.

	Examples for dexamethasone-treated fish have been added in Figure 3A.  

8. Line 400, Title for Figure 2: this isn't truly a "representative schematic" of xenografted fish. There are real images, so to me, they're "representative images." 

	Changed to “representative images”.

9. Lines 405-409 are very useful in explaining which fish to use for testing, and which to discard & why. Seems like this belongs in the protocol too. 

	This has also been added to step 4.1 in the protocol. 

10. Line 415: mentions a "yellow outline" in Figure 3, but I don't see this in the figure itself. 

Figure 3 legend has been updated to state that “Pixels above the selected threshold appear in black, while pixels below the threshold appear in white.”

11. Figure 1: Image quality is poor, quite grainy--both on my monitor & when printed out. Even the text isn't crisp. 

We have exported the figure as a .psd file for print with the highest possible resolution. 

12. Figure 2: A scale bar would be useful for non-zebrafish investigators, who may have no idea the size of zebrafish larvae. 

	Scale bars have been added to zebrafish images in Figures 2 and 3. 

13. Figure 3: Text is grainy in this figure too, esp. Fig. 3B. 

Text has been re-done to make more clear and exported as a .psd with the highest resolution possible.

Reviewer #3:
Manuscript Summary:
This manuscript describes a standardized workflow for drug screening using zebrafish as a host. The authors provide a detailed workflow with an example using peripheral blood mononuclear cells from T-ALL patient.

Major Concerns:
I have no major concerns.

Minor Concerns:
1) The authors are quantifying areas and not volumes as written in the abstract. 

	The text has been changed to area in the abstract and in the figure legend for Figure 3.

2) I would tune down the interpretation in the abstract where the authors state that this method allows for "...rapidly screen for actionable mutations using targeted therapies in order to stratify patients better into ongoing clinical trials". I think that this is not realistic perspective for now, especially as the authors only show one example in the paper. 

The sentence about stratifying patients into clinical trials has been removed from the abstract.

3) I would also be more cautious with the statement on abstract that relates with ability of this assay to measure the interaction with microenvironment, especially when taking into account that the injection sites (yolk, pericardium) are not the natural environment for hematopoiesis. Also, the described method uses zf larvae and not mature fish, and one can assume that there are marked differences in the microenvironment at different stages of development. 

This is a very good point. This statement in the abstract has been changed to read: “…allows for growth of tumor cells in an in vivo environment during drug treatment.”

4) Transparency can also be achieved by blocking melanin synthesis with PTU (e.g. see Paatero et al., 2018 "zebrafish embryo xenograft and metastasis assay"; DOI: 10.21769/BioProtoc.3027). Maybe the PTU treatment should be described in the "Protocol", as not everyone has access to transparent zf lines. 

This is a good point. This has been addressed in a note after step 3.2 stating “Casper (roy-/-;nacre-/-) zebrafish were used for these experiments. Any zebrafish larval strain can be used for xenografting, as the fish will not have enough pigment as larvae to interfere with imaging of xenografted tumor cells and quantification. However, if pigment interferes with imaging or visualization, propylthiouracil treatment can be used to block melanin synthesis if optically clear zebrafish strains are not available.”

5) What is the zebrafish line that authors are using in this paper? 

This has been addressed in the note added below step 3.2. We used Casper (roy-/-;nacre-/-) zebrafish for this experiment as they are readily available in our laboratory.

6) Protocol 1.6.2. Could authors indicate/estimate how many zebrafish one can inject within 1-3 hours? How realistic is it to inject 1000 zf at one sitting? 

This has been addressed in the note following step 3.6 in the injection section of the protocol. The text now states “Typically, after practice with the technique, 800-1,500 zebrafish larvae can be injected by a single person within the 1-3 hours that stained cells should be injected.”

7) In Figure 3B, what is the number of injected fish? Four injections per drug or four separate injection groups? 

Four injected fish were treated, imaged, and analyzed per group. Data are results from individual animals. Number of fish was added to the figure table in Figure 3B. This data table has been re-done to show average +/- standard deviation.

8) Are there differences between independent tumors in their ability to engraft? How long the human cells survive inside larvae? Maybe the authors could comment on these Qs. 

[bookmark: _GoBack]This has been addressed in the discussion, lines 374-381. 
