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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
Authors: There are no steps require our Videographer to film through your microscope.
2. Does your protocol include software usage? (Y)
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
Authors: please upload all screen captured files to your project page and include a file key indicating which movies go with which steps and provide time stamps indicating which parts of which movie go with each step.
We will install the screen capture software soon and try to upload most of the screen captures in advance of the filming day.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1., 2.2., 2.3., 3.5., 3.9., 3.10.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
It is not difficult, but even distribution of target cells (3.9.) is important for accurate analysis. To this end, we filter the target cells through a 40 um cell strainer to produce single cell suspension and allow the plate to remain at room temperature on a flat surface for 10-20 min after the cells are plated before transferring to the incubator. 
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

Authors: Dr. Doughty-Shenton and Kitamura will be introduced when they give their statements.

1.1. Dahlia Doughty-Shenton: Our protocol assesses the effects of myeloid-derived suppressor cells and tumor-associated macrophages on T cell-induced tumor cell apoptosis alongside investigation of the underlying mechanisms of potential therapeutic interventions [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Dahlia Doughty-Shenton: This protocol directly evaluates T cell-induced tumor apoptosis with a high sensitivity and enables the longitudinal analysis and imaging of cell-to-cell interactions [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Takanori Kitamura: The efficacy of checkpoint inhibitors is restricted by tumor-infiltrating myeloid cells in certain tumor types. This technique could lead to the identification of novel therapies for these tumors [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Takanori Kitamura: This method could not only advance cancer immunology research but could potentially also provide insight into immune deficiency and autoimmune diseases [1]. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

Procedures involving animal subjects have been carried out under the authority of a UK Home Office Project License under the regulations of the Animals Act 1986.

Section - Protocol
2. Isolated CD8+ T Cell Activation and Expansion 
2.1. For the activation and expansion of spleen-isolated CD8-positive T cells, first aliquot 1 x 105 CD8-positive T cells in 50 microliters of E-DMEM (E-D-M-E-M) into individual wells of a 96-well, U-bottom plate [1-TXT].
2.1.1. WIDE: Talent adding cells to well(s), with T cell container visible in frame TEXT: See text for CD8+ T cell isolation details 

2.2. Next, add 1 x 105 suppressor cells in 50 microliters of E-DMEM [1-TXT] or 50 microliters of E-DMEM alone into each well of T cells [1-TXT] [2].

2.2.1. MED: Talent adding cells to well(s), with suppressor cell container visible in frame and adding medium to well(s), with medium container visible in frame TEXT: See text for all medium/reagent preparation and suppressor cell isolation details 
2.2.2. MED: Talent adding medium to well(s), with medium container visible in frame
 [Note to the video editor]: 2.2.1 and 2.2.2 are in the same shot

2.3. Then add 50 microliters of freshly-prepared activation medium [1] and 50 microliters of E-DMEM, with or without the test reagents of interest, to the appropriate wells [2] and place the plate in a 37-degree Celsius and 5% carbon dioxide incubator with 95% humidity for 4 days [3].

2.3.1. CU: Activation medium being added to well(s), with reagent container label visible in frame
2.3.2. CU: Test reagent being added to well(s), with reagent container label visible in frame
2.3.3. MED: Talent placing plate into incubator

3. Pre-Activated CD8+ T Cell:Target Cell Co-Culture

3.1. To set up a pre-activated CD8-positive T cell-target cell co-culture, first add 30 microliters of 1:100-diluted, growth factor-reduced, soluble basement membrane matrix [1] to the appropriate wells of a 96-well, flat-bottom plate suitable for microscopy. Shake the plate to spread the matrix evenly, and place the plate in the cell culture incubator for at least 1 hour [2].

3.1.1. WIDE: Talent adding matrix to at least one well, with matrix container visible in frame
3.1.1.2 [Added shot]: CU: Same as 3.1.1. [Note to the video editor]: The (3.1.1.2) shot was added by the author. However, I don’t think this is an added shot. They probably changed the “WIDE” shot (3.1.1) to “CU” shot (3.1.1.2).
3.1.2. MED: Talent tapping the plate and placing plate into incubator

3.2. While the plate is equilibrating, prepare the target cells. Aspirate medium, wash with PBS, and add 1 milliliter of 0.05% trypsin-EDTA at room temperature for 1 minute [1]. Add 9 milliliters of DMEM supplemented with fetal bovine serum, gently pipetting, and transfer the dissociated cells into tubes [2].

3.2.1. MED: Talent washing the cells with PBS and adding trypsin-EDTA to well cells, with trypsin-EDTA container visible in frame
3.2.2. CU: Well(s) being pipetted MED: Talent adding medium to flask, with DMEM container visible in frame [Note to the video editor]: Author added this shot and I assume they didn’t take the “CU” shot. 

3.3. After centrifuging the cells [1-TXT], re-suspend the pellet in 500 microliters of E-DMEM [2][3]. Filter the re-suspended cells through a cell strainer [4], and count the live cells [5].

3.3.1. MED: Talent adding medium to tube, with DMEM container visible in frame bring the tube from centrifuge. TEXT: 5 min, 337 x g, 4 °C. [Authors note]: 3.3.1. is slated as 3.6.3.
3.3.2. MED: CU: Shot of pellet if visible, then pellet being resuspended, with E-DMEM container label and cell counter visible in frame as possible
3.3.3. [Added shot]: MED: Pellet being resuspended, with E-DMEM container label. Note to the video editor]: Author added this shot. I am not sure how it is slated.
3.3.4. [Added shot]: CU: Talent adding cells to a tube with cell strainer. Note to the video editor]: Author added this shot. I am not sure how it is slated.
3.3.5. [Added shot]: MED: Cell counter visible in frame as possible. Note to the video editor]: Author added this shot. I am not sure how it is slated.

3.4. Then adjust the density to 4 x 104 target cells/milliliter in fresh E-DMEM on ice [1].

3.4.1. WIDE: MED: Talent adding medium to cells, with ice bucket and E-DMEM container visible in frame

3.5. Next, pipette the pre-activated CD8-positive T cells a few times to resuspend the cells into a single cell suspension [1] and transfer the floating T cells into one 1.5-milliliter tube per condition [2][1]

3.5.1. MED: CU: Cells being resuspended. and talent adding cells to tube [Authors note]: 3.5.1. and 3.5.2. on same shot.
3.5.2. MED: Talent adding cells to tube.

3.6. Collect any remaining cells with 200 microliters of PBS per well [1], transfer the washes into the appropriate 1.5-milliliter tubes [1][2], and centrifuge [2].

3.6.1. CU: PBS being added to well(s), with PBS container visible in frame. Cells being added to tube [Authors note]: 3.6.1 and 3.6.2 on same shot.
3.6.2. CU: Cells being added to tube
3.6.2.1 MED: Talent use centrifuge. TEXT: 5 min, 337 x g, 4 °C Note to the video editor]: Author added this shot. I am not sure how it is slated.

3.7. Aspirate medium and add 1 milliliter of E-DMEM to each tube for centrifugation [1]. After centrifugation [2-Text], resuspend the pellets in 100 microliters of fresh E-DMEM per tube [2] [3].

3.7.1. MED: Talent aspiratesadding medium, and adds fresh medium, and re-suspend cells. 
3.7.2. [Added shot]: CU: One tube being resuspended CU: Talent uses centrifuge. TEXT: 5 min, 337 x g, 4 °
3.7.3. [Added shot]: MED: Talent aspirates medium, adds fresh medium, and re-suspend cells [Note to the video editor]: Author added this shot. I am not sure how it is slated.

3.8. After counting [3.8.0], adjust the cells in each tube to a density of 1.6 x 105 pre-activated CD8-positive T cell/milliliter of medium [1] and place the cells on ice [2][1].

3.8.0. [Added shot]: If necessary, use 3.3.5 (counting) Note to the video editor]: Author added this shot. I am not sure how it is slated.

3.8.1. MED: Talent adding medium to tube, with medium container and cell counter visible in frame as possible. Talent placing tube on ice. [Author note]: 3.8.1 and 3.8.2 are on the same shot. 
3.8.2. MED: Talent placing tube on ice

3.9. When the cells are ready, aspirate the basement membrane matrix from each well of the 96-well, microscopy plate [1] and add 50 microliters of target cells to individual wells within the inner 60 wells of the plate with mixing [2].

3.9.1. CU: Basement membrane matrix being aspirated
3.9.2. CU: WIDE: Target cells being added to well(s), with target cell container label visible in frame

3.10. Add 25 microliters of E-DMEM supplemented with 4 x 103 units/milliliter of IL-2 (I-L-two) and 10-micromolar fluorogenic caspase-3 substrate to appropriate wells [1], then add 25 microliters of pre-activated CD8+ T cells to appropriate wells [2]. Finally add E-DMEM to appropriate wells to make total volume up to 100 microliters [3].

3.10.1. MED: CU: Talent adding IL-2 and/or substrate to well(s), with IL-2 and substrate containers visible in frame
3.10.2. MED: Talent adding T cells to well(s), with T cell container visible in frame
3.10.3. [Added shot]: MED: Talent adding medium Note to the video editor]: Author added this shot. 

3.11. Add 200 microliters of PBS or sterile water into all of the empty wells [1], shake the plate and leave the plate on a flat surface for 10 minutes [1.2]. Then place the plate into a time-lapse fluorescence microscope which maintains 37-degree Celsius temperature, and 5% carbon dioxide at 95% humidity atmosphere [2].

3.11.1. MED: Talent adding PBS to well(s), with PBS container visible in frame
3.11.1.2. [Added shot]: WIDE: Shake the plate and leave it on a flat surface. Note to the video editor]: Author added this shot. I am not sure how it is slated.
3.11.2. MED: Talent placing plate into chamber

4. Cell Imaging and Analysis

4.1. To image the cells, set the microscope to acquire images in phase contrast [1] as well as fluorescent channels suitable for the nuclear-restricted fluorescent protein and the fluorogenic activated caspase-3 substrate fluorophores used in the experiment [2].

4.1.1. WIDE: Talent setting microscope to phase contrast, with monitor visible in frame
4.1.2. SCREEN: To be provided by Authors: Channel(s) being selected Authors: Please upload all screen captured files to your project page. Please provide a file key indicating with uploaded movie files go with which step(s) of the protocol with time stamps indicating which parts of each movie correspond to each step.
 
4.2. Then capture images of each experimental well in phase contrast and the two fluorescent channels every 1-3 hours for at least 72 hours [1].

4.2.1. SCREEN: To be provided by Authors: Scan pattern and imaging interval set At least one well image being captured.

4.3. To analyze the captured images, open an image from a control well [1] containing only target cells in medium, without caspase-3 substrate, in the fluorescence channel used for substrate signal [2]. 

4.3.1. MED-over the shoulder: Talent opening image from control well, with monitor visible in frame
4.3.2. SCREEN: To be provided by Authors: Image of control well containing only target cells with substrate

4.4. Observe whether an inappropriate fluorescent signal is being emitted by the nuclei. If the substrate signal is apparent within the nuclei, use Spectral unmixing to increase the percentage of substrate signal removed from the nuclei signal until the substrate signal disappears [1].

4.4.1. SCREEN: To be provided by Authors: Shot of green signal in nuclei, then spectral unmixing being used to increase removal of nuclei signal

4.5. Next, view a control well containing only nuclei-unlabeled effector cells in medium without caspase-3 substrate in the two fluorescent channels individually [1].

4.5.1. SCREEN: To be provided by Authors: Image of control well being opened in two channels

4.6. Observe whether a signal is emitted by the nuclei. If no signal is apparent in the individual channels, no spectral unmixing is necessary [1].

4.6.1. SCREEN: To be provided by Authors: Shot of nuclei without signal

4.7. To resolve the fluorescent objects in both fluorescent channels, use a fluorescence background subtraction method with the relevant parameters for the sample and the appropriate parameters for edge-splitting. Use images of target cell monoculture to establish parameters for target cell nuclear fluorescence [1]. 

4.7.1. SCREEN: To be provided by Authors: Fluorescence subtraction parameters being set, then edge-splitting parameters being set Fluorescence subtraction parameters and edge splitting being set, for labeled target nuclei

4.7A. Use images of effector cell monoculture to establish parameters for substrate-induced apoptotic nuclear fluorescence [2]. Use images of co-culture to verify or refine parameters for substrate-induced apoptotic nuclear fluorescence in target cells [3] [Note to the video editor]: “4.7” is too long, so I split it to “4.7” and “4.7A”. 

4.7.2. [bookmark: _GoBack][Added shot]: SCREEN: To be provided by Authors: Fluorescence subtraction parameters and edge-splitting being set for apoptotic nuclei using effector cells. [Note to the video editor]: Author added this shot. I am not sure how it is slated. 

4.7.3. [Added shot]: SCREEN: To be provided by Authors: Verification that substrate-induced apoptotic signal can be detected in target cells. [Note to the video editor]: Author added this shot. I am not sure how it is slated.

4.8. To determine the minimum size of the target nuclei, use images in the nuclei signal channel from the wells containing only target cells with caspase substrate [1].

4.8.1. SCREEN: To be provided by Authors: Shot of image in nuclei signal channel being used to determine minimum size of target nuclei

4.9. To determine the average size of apoptotic effector nuclei, use images in the substrate signal channel from the wells containing only effector cells with caspase substrate [1].

4.9.1. SCREEN: To be provided by Authors: Shot of image in substrate signal channel being used to determine apoptotic effector nuclei size

4.10. To count the number of fluorescent target cell nuclei, set up an analysis procedure using an appropriate minimum size restriction [1].

4.10.1. SCREEN: To be provided by Authors: Analysis procedure for counting target cell nuclei being set up

4.11. Using effector cell monoculture images, set up a second analysis procedure to count the number of apoptotic nuclei that are larger than the mean size of the apoptotic effector nuclei [1].


4.11.1. SCREEN: To be provided by Authors: Second analysis procedure being set up

4.12. Then set up a third analysis procedure to count the number of apoptotic target cells by counting the number of nuclei in which the nucleus signal and size-restricted substrate signal significantly co-localize [1].

4.12.1. SCREEN: To be provided by Authors: Third analysis procedure being set up

Section – Results
5. Results: Representative Effector CD8+ T Cell and Target Cancer Cell Interactions

5.1. Typically, cancer cells increase the fluorescent signal in their nuclei following the activation of a nuclear-targeting caspase biosensor when these cells make contact with CD8-positive T cells pre-activated by antibodies in the absence of suppressor cells [1].

5.1.1. LAB MEDIA: Supplementary Movie 1: JoVE Video Editor: please emphasize some green signal OR no animation

5.2. The nucleus sizes of CD8-positive T cells [1] are smaller than those of cancer cells [2]. Thus, apoptotic ‘effector’ cells can be excluded from apoptotic ‘target’ cell counts by a size restriction image analysis method [3].

5.2.1. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize middle row of images
5.2.2. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize top row of images
5.2.3. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize bottom row of images

5.3. Although some target cancer cells exhibit a small, rounded shape without substrate fluorescence [1], this does not affect the analysis, as these cells are undergoing mitosis rather than apoptosis and thus are excluded from apoptotic ‘target’ cell counts [2] by a nucleus-substrate signal overlap mask [3].

5.3.1. LAB MEDIA: Supplementary Movie 3: JoVE Video Editor: please emphasize small green cell
5.3.2. LAB MEDIA: Supplementary Movie 3
5.3.3. LAB MEDIA: Supplementary Figure 2: JoVE Video Editor: please emphasize bottom row of images

5.4. The co-culture of target cancer cells with pre-activated CD8-positive T cells increases tumor cell apoptosis [1] above the levels of spontaneous apoptosis in cancer cell monocultures [2].

5.4.1. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize E + T row of images
5.4.2. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize Target row of images

5.5. Generally, when using an optimal ratio of target cancer cells to effector cells, a peak in the number of apoptotic target cancer cells can be observed [1].

5.5.1. LAB MEDIA: Figure 5A: JoVE Video Editor: please emphasize black and dark grey data line peaks

5.6. This peak becomes more distinct when the data is expressed as the apoptotic fraction of the target cell population [1].

5.6.1.  LAB MEDIA: Figure 5B: JoVE Video Editor: please emphasize black and dark grey data line peaks



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Dahlia Doughty Shenton: The most important thing to remember when attempting this procedure is to set up control wells containing monocultures of target cells and effector cells for use in developing the analysis masks (Steps 4.3.- 4.6) [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Takanori Kitamura: This method can provide insight into the duration and frequency of T cell-to-cancer cell interactions and the conditions associated with antigen-dependent T cell cytotoxicity in both human and mouse cells [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Dahlia Doughty-Shenton: We are currently developing this assay into a high-throughput screen using human cells to identify compounds that inhibit myeloid cell-mediated immune suppression and thereby enhance checkpoint inhibitor efficacy [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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