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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? No dissecting/stereomicroscope or microinjection. Counting uses a traditional hemocytometer and an Invitrogen Countess.

SCOPE Shots: 2.6.3., 3.3.2., 3.4.3
Videographer : Please film the above-mentioned shots using a SCOPE kit.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, the acquisition and analysis steps (Section 4, SCREEN shots) run in the imaging-system software
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Authors: Please create screen capture videos for the shots labeled as SCREEN, create a screenshot summary, and upload all the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21864888 

3. Filming location: Will the filming need to take place in multiple locations?   No

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No

Current Protocol Length
Number of Steps: 21 
Number of Shots: 53  

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Some statements have been modified for length and clarity. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Alyssa Duren-Lubanski: Our lab develops functional assays to determine how effectively patients’ tumor-infiltrating lymphocytes recognize and kill their own tumor cells.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Alyssa Duren-Lubanski: Conventional cytotoxicity assays provide only single-timepoint, bulk readouts; our protocol tracks immune-mediated killing in real time within three-dimensional tumor organoids.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Alyssa Duren-Lubanski: This protocol enables real-time measurement of tumor-infiltrating lymphocyte–mediated apoptotic killing in patient-derived tumor organoids at single-organoid resolution.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the most important consideration or challenge when performing this protocol.
1.4. Alyssa Duren-Lubanski: Accurate cell counting is critical because incorrect effector-to-target ratios, particularly excess T cells, can artificially inflate apparent tumor killing.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Alyssa Duren-Lubanski: Future studies could test checkpoint inhibitors, evaluate CAR-T-cell activity, and scale the assay for high-throughput screening of immunotherapeutic drugs.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



Videographer: Obtain headshots for all authors available at the filming location.





Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Fluorescent Labeling and Reconstitution of Tumor Organoids
Demonstrator: Alyssa Duren-Lubanski 

2.1. Begin by obtaining a dissociated patient-derived tumor-organoid cell suspension [1]. Perform viable cell counting [2] and adjust the cell suspension to 1 million viable cells per milliliter in PBS [3]. 
2.1.1. WIDE: Talent placing a 15-milliliter tube containing tumor organoid cell suspension inside the biosafety cabinet.
2.1.2. Talent at the microscope performing viable cell counting using a hemocytometer.
2.1.3. Talent adjusting the dissociated PDTO cell suspension to the required cell density in PBS.

2.2. Reconstitute CellTrace Far Red dye with 20 microliters of dimethyl sulfoxide to prepare a 1-millimolar stock solution [1]. Then vortex and briefly centrifuge the tube [2].
2.2.1. CU: Talent reconstituting CellTrace Far Red dye with 20 microliters of DMSO.
2.2.2. Talent placing the tube in the centrifuge after brief vortexing. 

2.3. Add 1 microliter of the dye stock to each milliliter of cell suspension [1-TXT]. Gently invert the tube to mix [2] and incubate for 30 minutes at 37 degrees Celsius, protected from light [3].
2.3.1. CU: Talent adding CellTrace Far Red stock to the PDTO cell suspension. TXT: Final dye concentration - 1 micromolar
2.3.2. WIDE: Talent gently inverting the tube to mix the contents.
2.3.3. Talent placing the tube in the 37 degrees Celsius incubator protected from light.

2.4. Following incubation, dilute the dye with five volumes of PBS in a 15-milliliter conical tube [1]. Centrifuge the cells at 300 g for 5 minutes, repeating the PBS washes twice [2]. Confirm a visibly colored pellet [3] and determine post-staining viability by Trypan Blue exclusion [4]. 
2.4.1. WIDE: Talent adding PBS to the 15-milliliter tube containing labeled cells. 
2.4.2. Talent placing the tube in the centrifuge to wash the cells.
2.4.3. ECU: A visibly colored cell pellet being observed
2.4.4. Talent at the microscope performing post-staining viability assessment.

2.5. Resuspend the pellet in organoid media according to pellet size [1]. Next, add chilled Matrigel to the cells while gently mixing to avoid introducing bubbles [2-TXT].
2.5.1. CU: Talent resuspending the labeled pellet in culture-specific medium.
2.5.2. CU: Talent gently combining the cell suspension with chilled Matrigel. TXT: Medium-to-matrix ratio – 1:2; Final Matrigel – 67%

2.6. Using a 200-microliter pipette, dispense five 100-microliter matrix droplets per well of a prewarmed 6-well plate [1]. Incubate at 37 degrees Celsius for 5 minutes, invert the plate, and incubate for another 40 minutes to complete polymerization [2]. Confirm the presence of embedded cells microscopically [3]. 
2.6.1. CU: Talent dispensing five 100-microliter Matrigel droplets into each well of a prewarmed 6-well plate.
2.6.2. WIDE: Talent keeping the plate in the 37 degrees Celsius incubator. 
2.6.3. SCOPE: Shot of embedded cells inside the matrix after polymerization.

2.7. Add 4 milliliters of medium per well of the 6-well plate [1] and culture for 72 hours to generate organoids measuring approximately 100 to 300 micrometers [2].
2.7.1. Talent adding 4 milliliters per working well of the 6-well plate.
2.7.2. Talent incubating the plate upright, in a 37 degrees incubator to generate organoids.

3. Preparation of Organoids for the Killing Assay

3.1. After incubation, aspirate the culture medium aseptically without disturbing the Matrigel domes [1]. Add 1 milliliter of ice-cold Cell Recovery Solution per well [2] and detach the domes using a P1000 (p-one thousand) pipette and a sterile cell scraper [3]. Pool material from up to three wells in a labeled 15-milliliter conical tube on ice and add another 8 milliliters of ice-cold recovery solution [4]. Rock the tube horizontally at 4 degrees Celsius for 30 minutes [5].
3.1.1. CU: Talent aspirating the culture medium without disturbing the Matrigel domes.
3.1.2. CU: Talent adding ice-cold Cell Recovery Solution per well.
3.1.3. Talent detaching the domes using a P1000 pipette and sterile cell scraper.
3.1.4. WIDE: Talent pooling the suspension from multiple wells in a 15-milliliter tube on ice. 
3.1.5. Talent placing the tube horizontally on a rocker kept at 4 degrees Celsius.

3.2. Centrifuge at 300 g for 3 minutes at 4 degrees Celsius [1] and aspirate the supernatant without disturbing the organoid pellet [2]. Gently resuspend the pellet in complete PDTO (p-d-t-o) medium using slow, wide-bore pipetting to preserve the 3D organoid architecture [3].
3.2.1. Talent placing the tube in a pre-cooled centrifuge.
3.2.2. CU: Talent gently discarding the supernatant without disturbing the organoid pellet.
3.2.3. CU: Talent carefully resuspending the organoid pellet with a wide-bore pipette tip. 

3.3. Mix 15 microliters of the suspension with 15 microliters of 0.4 percent Trypan Blue [1] and determine the viable cell count using a hemocytometer [2]. Dilute the intact-organoid suspension to an estimated 200,000 viable tumor cells per milliliter [3].
3.3.1. CU: Talent adding Trypan Blue to the cell suspension to perform a viable count using a hemocytometer.
3.3.2. SCOPE: Shot of trypan-blue excluded viable cells under the microscope.
3.3.3. Talent preparing intact-organoid suspension of the required concentration.

3.4. Using a multichannel pipette, dispense 100 microliters of organoid suspension in the inner wells of a black-walled 96-well imaging plate to provide an estimated 20,000 viable tumor cells per well [1]. Add 200 microliters of sterile PBS to the outermost wells [2]. Let the organoids settle at 37 degrees Celsius for 10 to 30 minutes before T-cell addition and confirm uniform organoid distribution microscopically [3].
3.4.1. CU: Talent dispensing the organoid suspension into the inner wells of a 96-well imaging plate. 
3.4.2. CU: Talent filling the outermost wells with 200 microliters of sterile PBS.
3.4.3. SCOPE: Uniformly distributed organoids in representative wells. 

4. Preparation of Tumor-Reactive T Cells

4.1. On the day of the assay, transfer the tumor-infiltrating lymphocytes from the culture flasks to 15-milliliter conical tubes [1]. Centrifuge at 300 g for 3 minutes at room temperature and completely aspirate the supernatant [2].
4.1.1. WIDE: Talent transferring the TILs from the culture flasks to 15-milliliter conical tubes.
4.1.2. CU: Talent discarding the supernatant completely after centrifugation. 

4.2. Resuspend the T-cell pellet in 1 milliliter of basic T-cell medium [1-TXT]. Determine cell concentration and viability using Trypan Blue and proceed with preparations showing at least 80 percent viability [2].
4.2.1. CU: Talent resuspending the T-cell pellet in basic T-cell medium. TXT: RPMI 1640; 10% FBS; 1% penicillin-streptomycin
4.2.2. Talent at the microscope performing T-cell viability counts using Trypan Blue. 

4.3. Add the caspase-3 detection substrate directly to the T-cell suspension to obtain a 2-micromolar concentration, then mix gently [1-TXT].
4.3.1. CU: Talent adding the detection substrate to the T-cell suspension while mixing gently. TXT: Substrate stock concentration  - 200 micromolar

5. Co-Culture, Live-Cell Imaging, and Quantitative Analysis
5.1. Carefully resuspend the prepared T-cell suspension just before adding it to the organoid imaging 96-well plate [1]. Using a multichannel pipette, add 100 microliters of T-cell suspension to each well containing 100 microliters of organoids, then gently tap the plate two to three times to distribute the cells evenly [2]. Immediately transfer the plate to the live-cell imaging system [3].
5.1.1. Talent slowly resuspending the prepared T-cell suspension.
5.1.2. CU: Talent adding 100 microliters of T-cell suspension to each organoid-containing well while tapping the plate gently. 
5.1.3. WIDE: Talent immediately transferring the completed co-culture plate to the live-cell imaging system.

5.2. In the acquisition software, select Scan on Schedule and the Standard scan type [1]. Enable the Phase, Green, and Red channels at 10X (ten -ex) magnification [2]. Set the Green and Red exposure times to approximately 300 to 400 milliseconds and confirm an image calibration of 1.24 micrometers per pixel [3].
5.2.1. SCREEN: Scan on Schedule and the Standard scan type being selected.
5.2.2. SCREEN The Phase, Green, and Red channels being enabled
5.2.3. SCREEN: Exposure times and acquisition settings being entered. 

5.3. Configure the system to acquire four images from each inner well every 2 hours for up to 36 hours [1], then Start the kinetic scan [2].
5.3.1. SCREEN: The wells, image locations, interval, and assay duration being defined.
5.3.2. SCREEN: Press 'Start Kinetic Scan' to begin. 

5.4. Create a new Analysis Definition and enable the Phase, Green, and Red channels [1]. For the Red tumor channel, select Surface Fit with a threshold of 2.0 RCU (r-c-u), enable Edge Split with Edge sensitivity of 0, set Hole Fill and Adjust Size to zero, while applying a minimum object-area filter of 50 square micrometers [2]. 
5.4.1. SCREEN: A new Analysis Definition being created and the Phase, Green, and Red channels being enabled.
5.4.2. SCREEN: All parameters for Red-channel tumor segmentation being configured. 

5.5. For the Green caspase channel, use Surface Fit with a threshold of 2.0 GCU (g-c-u), enable Edge Split with Edge sensitivity of 0, set Hole Fill and Adjust Size to zero, and do not apply area or intensity filters [1].
5.5.1. SCREEN: All parameters for Green-channel caspase segmentation being configured.

5.6. Define apoptotic tumor read-outs as Green-and-Red double-positive objects without additional area or intensity filters [1]. Validate the overlap against spontaneous apoptosis and positive-killing control wells, then apply the definition uniformly to all wells before reviewing the segmentation overlays [2]. 
5.6.1. SCREEN: The Green-and-Red overlap used to identify apoptotic tumor objects being defined.
5.6.2. SCREEN: The overlap in the spontaneous-apoptosis and positive-killing controls being validated and segmentation overlays being reviewed.

5.7. Configure the double-positive metric, select all required scan times and wells [1], and export the object-level and per-well data for each timepoint [2].
5.7.1. SCREEN: Scan times and wells being selected and the double-positive metric being reviewed.
5.7.2. SCREEN: Object-level and per-well data being exported for downstream quantification.

5.7.3. 

Results
6. Results 

6.1. In the representative experiment, Drug 4 and Drug 5 increased PDTO (p-d-t-o) apoptosis relative to vehicle from approximately 24 hours onward [1]. At the 36-hour endpoint, Drug 4 and Drug 5 produced the largest increases in apoptotic PDTOs [2], whereas Drug 3 showed a nominally reduced response consistent with possible immunosuppressive activity [3]. 
6.1.1. LAB MEDIA: Figure 5 Video Editor: In Panel A on the left, please highlight the purple Drug 4 and the orange Drug 5 curves from approximately 24 to 36 hours, emphasizing their elevation above the brown vehicle curve.
6.1.2. LAB MEDIA: Figure 5. Video Editor: In Panel B in the center, please highlight the purple Drug 4 and orange Drug 5 violin plots showing the largest apoptotic responses at 36 hours.
6.1.3. LAB MEDIA: Figure 5. Video Editor: In Panel B in the center, please highlight the green Drug 3 plot showing the reduced response at 36 hours.

6.2. Drug 5 induced a progressive apoptotic response in the TIL (t-i-l) -organoid co-culture [1], while apoptosis remained low in the organoid-only arm [2] and absent in the T-cell-only arm, confirming that the measured killing was TIL-dependent [3].
6.2.1. LAB MEDIA: Figure 5 Video Editor: In Panel C on the right, please highlight the rising dark-purple TIL-organoid co-culture curve.
6.2.2. LAB MEDIA: Figure 5 Video Editor: In Panel C on the right, please highlight the low blue organoid-only curve.
6.2.3. LAB MEDIA: Figure 5 Video Editor: In Panel C on the right, please highlight the near-zero teal T-cell-only curve.
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