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Editorial comments:

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.

As recommended, we have proofread the manuscript.

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: CountBright, FACSCalibur, transwell, etc.

We have removed the referencing of “CountBright” and “FACSCalibur” from the revised manuscript. However, there is no accurate alternative term to describe the term “transwell”. Therefore, we have elected to leave it as is in the revised manuscript to avoid confusion for the readers. We would be happy to consider any alternative terms suggested by the editor that have been used in prior publications to describe transwell cell culture


3. Please specify all volumes and concentrations used throughout. We need these details to film.

As recommended, we have now added volumes and concentrations throughout the revised manuscript.

4. Please list all centrifugation speeds in terms of centrifugal g-force instead of rpm: 100 x g.

As suggested, we have now changed all centrifugation speeds from rpm to x g.

5. 2.1: Are cells grow in a Petri dish or in a flask? Please specify growth conditions. What volume of trypsin-EDTA added? What is the incubation temperature?

As recommended, we have added these details in the revised manuscript.

6. 2.2: Are the cells transferred to a conical tube for centrifugation?

Yes, cells were transferred to a conical tube for centrifugation. This information is present in both the previous and revised versions of our manuscript.

7. Figures: Please use the following abbreviations for time units (h for hour, min for minutes, s for seconds).

As suggested, we have made these modifications in the revised figures.

8. Figure 2B: 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.

We have added the scale bar  in the figure and added a description in the figure legend.

9. Figure 3A: Please replace commercial language (Transwell) with a generic term.

There is no alternative term to describe “transwell” and removing this from the manuscript and replacing it with a non-standard vague term will be extremely confusing for readers to follow. However, in regard to other commercial terms (e.g., “FACSCalibur” and “CountBright”), we have replaced them using more generic terms. We would be happy to consider any alternative terms suggested by the editor that have been used in prior publications to describe transwell cell culture

10. References: Please do not abbreviate journal titles; use full journal name.

We have changed the formatting of the references.



Reviewers' comments:

Reviewer #1: Manuscript Summary: This manuscript reports two protocols to evaluate NK-cell-mediated cytotoxicity toward hepatic tumor cells. These protocols are non- radioactive, and can be scaled up for high-throughput screening. The methods are elegant and easy to execute. The methods have been described in sufficient detail. The manuscript is fit for publication in Journal of Visualized Experiments.

The reviewer 1 stated that “the manuscript is fit for publication in Journal of Visual Experimentation” and did not suggest any modifications. We thank the reviewer for his/her encouraging comments.


Reviewer #2:

Gupta and co-authors provide three separate protocols to assay cytotoxicity and migration of NK-92 cells in vitro. These are straightforward protocols but could benefit from a few additions. It would be much useful to include a statement that these assays can be used for primary NK cells as well but also to point out relevant pitfalls in such experiments.

We agree and have expanded the discussion section of the manuscript to describe the utility of these assays for primary NK cells, as well as the challenges these types of experiments present.

Note 2.1. Include information that some NK cell receptors, particularly NCRs are sensitive to trypsinization and cite relevant literature.

This is an important point. As suggested, we have added the relevant references in the manuscript to address the sensitivity of NK cell receptors to trypsinization.

Note 2.10 While the measurement of absorbance of NK92MI cells alone will provide a background measurement it is important to note that NK cells may die during co-culture, therefore, the LDH that are measured can come from both targets and effectors.

Based on our experience and short period of incubation (few hours), we believe that contribution to LDH activity as a result of NK cell death will be minimal. Furthermore, we have built in a control condition with NK cells (effector cells) alone that proactively addresses this possibility (See Note 2.10).

Note 3.10. completely lysed target. Provide details on how to produce "completely lysed target cells".

We apologize for this omission. As recommended, we have provided information in the protocol regarding how to produce completely lysed target cells.

Note 4.6. Include a notion that the time of culture may vary depending on target cells and amount and kinetics of chemokines that can be produced by target cells.

This is an important point and we have added this information as a separate note below 4.6.

Figure 2. A figure to summarize figure 2b would be helpful, preferable a bar or scatter plot.

As suggested, we have added a figure to summarize figure 2b.

Axes on graphs in figure 3b need to be displayed.

Axes in figure 3b have been added.



Reviewer #3:

Manuscript Summary:

The authors have optimized two assays for measuring the cytotoxic function of NK cells and one assay for quantifying the NK cell migration. These assays are useful and scalable for high throughput studies. The assays are elaborated well and the data confirms the utility of the protocols. I do have a few notes to improve the paper.

We thank the reviewer for noting that our “assays are useful and scalable for high throughput studies”. This reviewer also made several important suggestions to revise the manuscript. Our responses to the reviewer’s minor concerns are presented below:

Major Concerns:

No major concerns

Minor Concerns:

1. While the colorimetric LDH-assay controls for spontaneous LDH release in single NK cultures it does not have a control for the killing of NK cells by tumor cells. While this may be a rare event there are immune evasion strategies in certain cancer that may cause this effect and this should be noted in the manuscript.

We have carefully reviewed the literature and could not identify any studies showing that cancer cells can directly induce cytotoxic eradication of NK cells. Therefore, we believe this issue is not of concern for the LDH-assay. However, if the reviewer is aware of a particular publication describing this effect, we would be happy to include it in the manuscript.

2. Can the cytotoxicity assays be used with primary NK cells or other NK cell lines (NKL maybe) or to examine ADCC?

This is an interesting question, and somewhat similar to a point raised by Reviewer 2. In response to this, we have expanded the discussion to describe the potential use of NK cells and NKL cells for the cytotoxicity assay. We have also added information regarding the limitations of using either primary NK cells or NKL cells.

Regarding ADCC measurements, the goal of the protocols presented in this manuscript for NK cell cytotoxicity is to measure direct NK cell-mediated cancer cell eradication rather than ADCC. Although an interesting and important phenomenon in the context of NK cells, an ADCC protocol is beyond the current scope of our manuscript.

3. Calcein-AM has been reported to remain in apoptotic bodies following cell death, this may need a control or at least a mention.

This is a very important point. Therefore, as recommended by the reviewer, we have added this point in the discussion of our revised manuscript.

4. Reverse pipetting is often recommended with count beads to maintain accuracy

We agree and have added this information to the protocol (see Note below section 4.7).

5. What are the limitations of counting on the flow cytometer while maintaining statistical relevance (minimum beads acquired, minimum NK cell number acquired)?

This is an important question and we have added information related to this in the note below section 4.7.


Reviewer #4:

Major Concerns:

1. Methodology: In methods section there is no mention about Western blotting, transfection experiments or RT-PCR which are shown in results section.

As the reviewer might notice, our goal in this manuscript was to focus on and provide detailed protocol for measuring NK cell-mediated cytotoxicity and NK cell migration. Therefore, providing the methodology of western blotting, transfection experiments, and RT-PCR is beyond the scope of the current protocol. We believe these are standard lab protocols that are routinely used in almost all molecular biology-equipped laboratories. Therefore, providing detailed protocol on such items seems unwarranted.

2. The references used to support the result are very old hardly two references are from 2018-19.

Our choice of references was primarily driven by two major objectives: 1) to cite original research whenever possible and 2) to provide high-quality and comprehensive citations that are relevant to the facts cited in our manuscript. However, we agree with the reviewer that more recent references can be cited, and per his/her recommendation, we have now added several recent references in this version of the revised manuscript.

3. The co-culturing assays for immune cells is very common so I do not see much novelty in the work.

The purpose of this manuscript is not to develop a new novel method but rather to provide a detailed and easy to follow optimized protocol for NK cell-mediated cytotoxicity and NK cell migration. We believe we have achieved that goal in this manuscript.


4. In the migration assay, the authors are detecting the NK92MI cells that had migrated toward CCL2-containing medium, chemokine (C-C motif) ligand 2 (CCL2) which is critical for leukocyte recruitment. Give the exact percent data for FACS.

As recommended, we have added the percentages to the dot plot for the panel 3B.

5. In results section out the actual percent data for LDH, mRNA levels is missing.

We are not sure what exactly reviewer is referring too. The LDH activity is measured as a readout for the colorimetric assay, and the formula is presented for calculating % NK cell-mediated cytotoxicity. Similarly, the mRNA levels in panel 1B were measured using RT-qPCR and relative mRNA levels in non-specific shRNA expressing or ATF4 shRNA expressing SK-HEP-1 cells are presented. 




Minor Concerns:

Please check the grammar whole document.

As recommended, the entire document has been carefully edited for grammatical errors and also carefully proofread.

