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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  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

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:  25
Number of Shots:  56 (32 SC) 

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


Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context
5 best answers are chosen.

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Maik Luu: Our research focuses on how to improve CAR T-cell therapy for malignant diseases and beyond.
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. Maik Luu: Conventional methods lack the possibility to characterize single cells functionally, which can be addressed using nano-chambers on opto-fluidic platforms.
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. Maik Luu: Our protocol allows monitoring of several key characteristics such as proliferation, cytokine secretion, cytotoxicity, and cell-cell interaction at single-cell level.
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. Maik Luu: Sufficient loading of the optofluidics chips, as well as high purity of target and effector cell populations, are crucial while performing this protocol.
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. Maik Luu: The applications of this protocol can be extended to other immune cells beyond T cells, allowing for the study of various diseases and cell-cell interactions.
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.
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This research has been approved by the Ethics Commission of the Julius-Maximilians University Würzburg.



Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Optofluidic Workflow Setup for CAR T Cell Cytotoxicity and Cytokine Profiling
Demonstrator: Theodor Bormann 

2.1. To begin, obtain enriched CAR T cells from human donor derived CD8 positive T cells following activation and non-viral gene transfer [1]. Turn on the optofluidic assay system and open the Cell Analysis Suite software for assessment of T cell cytotoxicity and cytokine secretion [2].
2.1.1. WIDE: Talent removing dish with cultured CAR T cells from the incubator and placing in a biosafety cabinet.
2.1.2. Talent turning on the optofluidic assay system and opening CAS software.

2.2. After system checks, navigate to the workflows panel and select Create new workflow to configure the assay workflow within nanopens on the optofluidic chip [1]. Select Opto T cell Profiling. Then, select MCA and Cytotoxicity Assay from the dropdown menu [2].
2.2.1. SCREEN: Talent navigating to the workflows panel on the software interface and show the cursor selecting Create new workflow plus.
2.2.2. SCREEN: Show the cursor selecting Opto T cell Profiling. Show the dropdown menu and select MCA and Cytotoxicity Assay.
[bookmark: _Hlk162020732][bookmark: _Hlk203170338][bookmark: _Hlk162020892][bookmark: _Hlk203166143]Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible: 



2.3. Double-click Multiplex Cytokine Bead Load to expand the bead load list [1]. If assaying fewer than 3 cytokine targets, click the X to delete cytokine beads from the bead load list [2]. Update each field with the appropriate bead type, cytokine target, and import location [3].
2.3.1. SCREEN: Show the cursor double-clicking Multiplex Cytokine Bead Load to expand the bead load list.
2.3.2. SCREEN: Show the cursor clicking the X to delete cytokine beads from the bead load list.
2.3.3. SCREEN: Show the bead type, cytokine target, and import location field being updated.

2.4. Double-click Prioritized APC Load w/ Control (load with control) to expand the target-cell load list [1]. Select T Cell Load Configuration and choose Multiple Cell Lines. Then, double-click Prioritized T Cell Load to expand the T-cell load list [2].
2.4.1. SCREEN: Show the cursor double-clicking Prioritized APC Load w/ Control to expand the target-cell load list.
2.4.2. SCREEN: Show the cursor selecting T Cell Load Configuration and choosing Multiple Cell Lines, then cursor double-clicking Prioritized T Cell Load to expand the T-cell load list.

2.5. Next, double-click Phenotype and Cytokine Assays to expand the staining protocol for the cytokine secretion assay [1].
2.5.1. SCREEN: Show the cursor double-clicking Phenotype and Cytokine Assays to expand the staining protocol for the cytokine secretion assay.



3. Preparation and Loading of Multiplex Cytokine Capture Beads

3.1. Vortex multiplex cytokine capture beads used to capture secreted cytokines from individual CAR T cells within nanopens on the optofluidic chip [1] and determine the bead concentration with a cell counter [2]. Adjust the bead densities to 4.5 x 106 beads per milliliter for Type A beads or 4 x 106 beads per milliliter for Type B beads in 30 microliters of Bead Dilution Buffer [3].
3.1.1. Talent sonicating and vortexing bead vial to resuspend the capture beads.
3.1.2. Talent placing the sample in a cell counter.
3.1.3. Talent adjusting the bead densities in 30 microliters of Bead Dilution Buffer.

3.2. Store the bead suspensions at 4 degrees Celsius until prompted to load them into the sample loading bay [1]. Perform all checks and click Start to proceed [2].
3.2.1. Talent placing the bead suspensions into storage at 4 degrees Celsius.
3.2.2. SCREEN: Show all checks being completed and the cursor clicking Start.

3.3. When prompted, mix the cytokine bead suspension with a 20-microliter pipette [1]. Load the bead suspension into the appropriate import location [2]. Click the Run icon to proceed [3].
3.3.1. Talent mixing the cytokine bead suspension with a 20 microliter pipette.
3.3.2. Talent loading the bead suspension into the appropriate import location.
3.3.3. SCREEN: Show the cursor clicking the Run icon.

3.4. When prompted, visually inspect several fields of view to verify that the capture beads have loaded with an even distribution across the fluidic channels at an appropriate density [1]. If the loading distribution or density is suboptimal, select Flush and Import to re-attempt bead loading [2]. If the loading distribution and density are adequate, select Proceed to begin penning beads [3].
3.4.1. SCREEN: Show several fields of view with capture beads distributed across the fluidic channels.
3.4.2. SCREEN: Show the cursor selecting Flush and Import.
3.4.3. SCREEN: Show the cursor selecting Proceed to begin penning beads.





4. Annexin V-Based Target Cell Preparation and TPS Gating for Optofluidic Single-Cell Analysis

4.1. Determine the live cell density in the active cultures of each antigen-positive and antigen-negative K562 target-cell line via Trypan Blue staining [1]. Harvest 1 x 106 target cells into a 1.7 milliliter microfuge tube [2] and centrifuge at 300 g for 5 minutes at room temperature [3].
4.1.1. Talent aliquoting the culture to a tube and adding Trypan Blue stain.
4.1.2. Talent transferring 1 x 10^6 target cells into a 1.7 milliliter microfuge tube.
4.1.3. Talent placing the microfuge tube into the centrifuge.

4.2. After aspirating the supernatant, resuspend each target-cell pellet in 100 microliters of Annexin V Staining Solution to exclude apoptotic cells [1]. Incubate for 30 minutes at room temperature protected from light [2].
4.2.1. Talent removing supernatant and resuspending the target-cell pellet in 100 microliters of Annexin V Staining Solution by pipetting up and down.
4.2.2. Talent placing the sample in a dark chamber or covering the sample with aluminum foil.

4.3. Then, add 400 microliters of 1x Annexin V Binding Buffer to each sample and resuspend by pipetting [1]. Centrifuge at 300 g for 5 minutes at room temperature and aspirate the supernatant [2].
4.3.1. Talent adding 400 microliters of 1x Annexin V Binding Buffer to the sample and pipetting the sample to resuspend.
4.3.2. Talent placing the microfuge tube into the centrifuge.

4.4. Resuspend the target-cell pellet in 250 microliters of Loading Media with calcium chloride [1]. 
4.4.1. Talent resuspending the target-cell pellet in 250 microliters of Loading Media with calcium chloride.

4.5. Load the target-cell suspension into the appropriate import location [1] and click the Run icon to proceed [2].
4.5.1. Talent loading the target-cell suspension into the appropriate import location.
4.5.2. SCREEN: Show the cursor clicking the Run icon.

4.6. When prompted, visually inspect several fields of view to verify that the target cells have been loaded with an even distribution across the fluidic channels at an appropriate density [1]. If the loading distribution or density is suboptimal, select Flush and Import to re-attempt target-cell loading [2]. If the loading distribution and density are adequate, select Proceed to begin TPS gating [3].
4.6.1. SCREEN: Show several fields of view with target cells distributed across the fluidic channels.
4.6.2. SCREEN: Show the cursor selecting Flush and Import.
4.6.3. SCREEN: Show the cursor selecting Proceed to begin TPS gating.

4.7. When prompted, navigate to Manual Operations [1]. Click TPS and load the requested TPS template [2].
4.7.1. SCREEN: Show the cursor navigating to Manual Operations.
4.7.2. SCREEN: Show the cursor clicking TPS and TPS template being selected and loaded.

4.8. Specify the optical filters and fields of view to be imaged for defining TPS gates and click Capture Only to initiate image acquisition [1].
4.8.1. SCREEN: Show optical filters and fields of view being selected and show the cursor clicking Capture Only to begin image acquisition.

4.9. Open the Gating Configuration Editor. Click the checkbox for Annexin and select the appropriate channel for Annexin V staining as the X Parameter [1]. From the dropdown menu, select Log Delta Median Brightness [2]. Select OEP for the Y Parameter and choose Nearest Neighbor from the dropdown menu [3].
4.9.1. SCREEN: Show the Gating Configuration Editor being opened, clicking the checkbox for Annexin and channel selection for Annexin V staining as the X Parameter.
4.9.2. SCREEN: Show the dropdown menu selecting Log Delta Median Brightness.
4.9.3. SCREEN: Show OEP selected as the Y Parameter and the dropdown menu, then  select Nearest Neighbor.

4.10. Drag the corners of the resulting gate to exclude Annexin V high and Nearest Neighbor low cells. Save the TPS template without changing the file name [1]. Now, navigate back to Workflows, click Continue to proceed with penning and repeat the process for next target-cell line [2].
4.10.1. SCREEN: Show the gate being adjusted to exclude Annexin V high and Nearest Neighbor low cells and the TPS template being saved without changing the file name.
4.10.2. SCREEN: Show the cursor navigating back to Workflows, clicking Continue and beginning the inspection of next target-cell line.



5. Phenotypic Staining and Cytokine Secretion Profiling of CAR T Cells in the Optofluidic System

5.1. Load and gate viable CAR T cells onto the optofluidic chip, then initiate the cytotoxicity assay to monitor real time target cell killing before proceeding to phenotypic and cytokine analysis [1].

5.1.1. SCREEN: Show cells being loaded into the optofluidic chip and gating interface with cells distributed in nanopens.

5.2. Prepare the primary staining solution in a 1.7 milliliter microfuge tube by mixing 76 microliters of multiplex Human CD8 NK Panel Detection Antibodies [1] and 4 microliters of anti CD137 BV421 for T cell activation assessment [2]. 
5.2.1. Talent adding 76 microliters of multiplex Human CD8 NK Panel Detection Antibodies into a 1.7 milliliter microfuge tube.
5.2.2. Talent adding 4 microliters of anti CD137 BV421 into the same microfuge tube.

5.3. Mix the primary staining solution by pipetting and load the solution into the appropriate import location when prompted [1] and click the Run icon to proceed [2].
5.3.1. Talent pipetting the primary staining solution to mix, loading the solution into the appropriate import location.
5.3.2. SCREEN: Show the cursor clicking the Run icon.

5.4. Prepare the secondary staining solution in a separate 1.7 milliliter microfuge tube by mixing 72 microliters of 1x DPBS [1] with 8 microliters of the multiplex kit Streptavidin–Phycoerythrin [2].
5.4.1. Talent adding 72 microliters of 1x DPBS into a 1.7 milliliter microfuge tube.
5.4.2. Talent adding 8 microliters of the multiplex kit SA PE into the same microfuge tube.

5.5. Mix the secondary staining solution by pipetting, load the solution into the appropriate import location [1] and click the Run icon to proceed [2].
5.5.1. Talent pipetting the secondary staining solution to mix and loading the solution into the appropriate import location.
5.5.2. SCREEN: Show the cursor clicking the Run icon.

5.6. Finally, analyze the assay results to identify pens containing cells of interest based on the desired functional or phenotypic criteria and generate an export list for retrieval [1]. Unload the selected cells from the optofluidic chip into a well plate for downstream recovery and follow up analysis [2].
5.6.1. SCREEN: Show assay analysis interface highlighting selected pens and export list generation.
5.6.2. Talent retrieving cells into a 96 well plate from the optofluidic system.






Results
6. Results 

6.1. The majority of mock-nucleofected T cells remained negative for tumor necrosis factor alpha, interferon gamma, and interleukin 2  [1].
6.1.1. LAB MEDIA: Figure 3. Video editor: Highlight the pie charts in the row “Mock,” 

6.2. Upon challenge with antigen-positive K562 tumor cells, standard chimeric antigen receptor T cells included double-, triple-, and single-positive interferon gamma cytokine producers, as well as small fractions of tumor necrosis factor alpha- and interleukin 2-secreting cells [1].
6.2.1. LAB MEDIA: Figure 3. Video editor: Highlight the pie chart at the intersection of the row “CAR” and the column “Ag-pos K562,” and highlight regions corresponding to IFN, TNF, IL-2

6.3. Exposure of standard chimeric antigen receptor T cells to antigen-negative K562 tumor cells did not induce multicellular cytokine secretion  [1].
6.3.1. LAB MEDIA: Figure 3. Video editor: Highlight the pie chart at the intersection of the row “CAR” and the column “Ag-neg K562,” 

6.4. Upon target encounter, c-Jun-overexpressing chimeric antigen receptor T cells showed increased double-, triple-, and single-cytokine-producing fractions [1] and a reduced cytokine-negative fraction compared with the standard chimeric antigen receptor product [2].
6.4.1. LAB MEDIA: Figure 3. Video editor: Highlight the pie chart in the “Ag-pos K562” column for the row “CAR + cJ,” and highlight the larger non-purple colored sections 
6.4.2. LAB MEDIA: Figure 3. Video editor: Highlight the pie chart in the “Ag-pos K562” column for the row “CAR + cJ,” and highlight the larger purple colored section corresponding to negative

6.5. Challenge with antigen-expressing K562 target cells resulted in increased cluster of differentiation 137 expression in chimeric antigen receptor T cells [1] compared with mock-nucleofected cells [2]. A trend toward a slightly higher fraction of cluster of differentiation 137-positive cells was observed among c-Jun-overexpressing chimeric antigen receptor T cells [3].
6.5.1. LAB MEDIA: Figure 4. Video editor: In the panel “vs. Ag pos K562,” highlight the group labeled “CAR”
6.5.2. LAB MEDIA: Figure 4. Video editor: In the same “vs. Ag pos K562,” panel, highlight the group labeled “Mock”
6.5.3. LAB MEDIA: Figure 4. Video editor: In the panel “vs. Agpos K562,” highlight the group labeled “CAR+cJ”


[bookmark: _Hlk215154137][bookmark: _Hlk215844323]NOTE to the Authors:

You have two options for filming and submitting the SCREEN footage:

Option 1: Uploading Separate Clips (Highly Recommended)

Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3, 1.5.1, 3.2.1, 3.1.3, etc.).

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.
- Please do not provide longer clips as we won’t be able to use them.



Option 2: Uploading a Single Continuous Video

If you prefer to record all steps together and upload a single video file, that is acceptable. In this case, you must write the precise timestamp for each shot within the script.

For example, if the action described in shot 2.13.1 is present in the file xxx.mp4 and occurs between timestamps 00:30 and 00:45 , then write the following in the script after each shot description or as a comment bubble.
(write the file name and timestamp after each shot): [File name] [Start Time]-[End Time]
 

- Example 	2.13.1  SCREEN: performing ...........action. xxx.mp4 00:30-00:45
2.13.2, SCREEN: cutting the…..........action. xxx.mp4 01:10-01:20

- The duration between the start and end times for each shot must be limited to 20 to 25 seconds.

- If a shot is longer than 25 seconds, choose two short segments (one at the beginning and one at the end) that collectively do not exceed 25 seconds.
- Example: 3.1.1 SCREEN: inserting a needle... xxx.mp4 00:00-00:10 and 02:30-02:40
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