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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: 18
Number of Shots: 51 

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

[bookmark: OLE_LINK181]
Authors: The statements are edited 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:

[bookmark: OLE_LINK174]REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Jiayi Ouyang: Our research focuses on understanding how graded TCR stimulation regulates CD8⁺ T cell activation, proliferation, and functional differentiation in vitro.

1.1.1. [bookmark: _Hlk148697315]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

[bookmark: OLE_LINK176]Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Jiayi Ouyang: Existing methods typically use a single saturating anti-CD3 concentration, whereas our protocol uses graded concentrations to systematically study the effects of TCR signal strength.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
CONCLUSION:

[bookmark: OLE_LINK180]Describe the most important consideration or challenge when performing this protocol.
1.3. Jiayi Ouyang: The most important considerations are ensuring a precise anti-CD3 gradient coating, high cell purity, and a consistent cell seeding density.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
[bookmark: OLE_LINK189]
Are there any additional methods or analyses that can be performed following this procedure?
1.4. Jiayi Ouyang: This protocol also provides a platform for optimizing T cell conditioning for adoptive immunotherapy and in vitro priming assays.
1.4.1. 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.

Ethics Title Card
This research has been approved by the Animal Care and Use Committee of Third Military Medical University.



Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. CellTrace Violet labeling for Proliferation Tracking
Demonstrator: Jiayi Ouyang 

2.1. To begin with, obtain the anti-CD3 (C-D-three) vial and place it on ice [1]. Prepare the anti-CD3 dilutions in sterile PBS [2-TXT] and add 50 microliters of each anti-CD3 solution to the wells of a flat-bottom 96-well plate [3].
2.1.1. WIDE: Talent bringing the anti-CD3
2.1.2. Talent preparing anti-CD3 dilutions using sterile PBS   TXT: Anti-CD3 concentrations- 0.1, 0.5, 1, 5, and 10 µg/mL
2.1.3. CU: Talent adding 50 µL of anti-CD3 solution to the wells of 96-well plate

2.2. Seal the plate with sealing film [1] and incubate it overnight at 4 degrees Celsius [2]. Prepare a fresh 10 micromolar CellTrace Violet or CTV, (CTV) working solution by vortexing the 5 millimolar CTV stock solution [3] and diluting it with sterile PBS [4].
2.2.1. Talent sealing the plate with sealing film
2.2.2. [bookmark: OLE_LINK191][bookmark: OLE_LINK190]Talent placing the plate at 4°C
2.2.3. Talent vortexing 5mM CTV stock solution
2.2.4. Talent diluting the stock CTV solution with sterile PBS

2.3. [bookmark: OLE_LINK65][bookmark: OLE_LINK11]Resuspend naive CD8+ (C-D-eight positive) T cells isolated from mouse spleens in pre-chilled PBS [1-TXT]. Rapidly add an equal volume of the 10 micromolar CTV working solution to the cell suspension [2], then mix thoroughly by pipetting to obtain a final CTV concentration of 5 micromolar [3]. 
2.3.1. [bookmark: OLE_LINK195]Talent resuspending the cells in the PBS   TXT: Cell Density: 8 × 107 cells/mL  
2.3.2. CU: Talent adding 10 µM of CTV solutions to the cell suspension
2.3.3. Talent mixing the solution by pipetting up and down

2.4. [bookmark: OLE_LINK217]Incubate the cells at room temperature in the dark for 20 minutes [1], gently inverting the tubes every 5 minutes to ensure thorough mixing [2]. Add 5 volumes of R10 (R-ten) culture medium [3] and incubate the cells on ice for 5 minutes to remove any free dye [4].
2.4.1. Talent placing the cells in the dark
2.4.2. CU: Talent gently inverting the tube every 5 minutes
2.4.3. [bookmark: OLE_LINK196]Talent adding 5 volumes of culture medium 
2.4.4. Talent placing the cells on ice for 5 minutes

2.5. [bookmark: OLE_LINK214][bookmark: OLE_LINK215][bookmark: OLE_LINK216]Centrifuge the cells at 500 g for 5 minutes [1], then resuspend the pellet in freshly pre-warmed complete R10 medium supplemented with anti-CD28 (C-D-twenty-eight) and interleukin-2 [2-TXT]. Remove the overnight pre-coated 96-well plate from 4 °C storage [3]. Aspirate the coating solution [4] and wash each well twice with 200 microliters of sterile PBS before adding the cells [5].
2.5.1. Talent placing the cells in the centrifuge and closing the lid
2.5.2. Talent resuspending the pellet in R10 medium  TXT: Anti-CD28: 1 µg/mL; IL-2: 10 ng/mL.
2.5.3. Talent removing the plates from 4°C storage
2.5.4. Talent aspirating the coating solution
2.5.5. Talent washing the wells with 200 µL of the sterile PBS 

2.6. Add 250 microliters of the cell suspension, containing 6 × 10⁵ cells, to each well of the pre-coated 96-well plate [3]. Incubate the cells at 37 degrees Celsius with 5% Carbon dioxide for up to 48 hours [4]. 
2.6.1. Talent adding 250 µL of the cell suspension to the wells of the pre-coated 96-well plate
2.6.2. Talent placing the plate at 37 °C with 5% Carbon dioxide

3. Intracellular cytokine blocking 

3.1. Resuspend the remaining naïve CD8⁺ T cells in R10 medium supplemented with 1 microgram per milliliter anti-CD28 and 10 nanograms per milliliter interleukin-2 [1-TXT]. Add 250 microliters of the cell suspension, containing 6 × 10⁵ cells, to each well of the pre-coated 96-well plate [2]. Culture the cells at 37 degrees Celsius with 5% carbon dioxide for up to 48 hours [3]. 
3.1.1. Talent resuspending the cells in the R10 medium   TXT: Cell Density: 2.4 × 106 cells/mL  
3.1.2. Talent adding 250 µL of the cell suspension to the wells of the pre-coated 96-well plate
3.1.3. Talent placing the plate at 37°C

3.2. Five hours before harvest, add 100 microliters of fresh R10 medium supplemented with PMA, ionomycin, and protein transport inhibitors to each well [1-TXT] [2]. Gently mix the cells [3] and return the plate to 37 degrees Celsius to block cytokine secretion and allow intracellular cytokine accumulation [4]. At 24 and 48 hours, transfer the cells to a 96-well round-bottom plate [5].
3.2.1. [bookmark: OLE_LINK200][bookmark: OLE_LINK199]Talent adding the 100 µL of fresh medium TXT: PMA- Phorbol 12-myristate 13-acetate
3.2.2. TEXT ON A PLAIN BACKGROUND:
PMA- 50 ng/mL
Ionomycin- 1 µg/mL
Protein transport inhibitor Monensin-1:1000
Brefeldin A–based protein transport inhibitor- 1:1000  Video editor: This is ratio!
3.2.3. Talent gently mixing the cells
3.2.4. Talent placing the plate at 37°C
3.2.5. Talent transferring the cells to a 96-well round-bottom plate    
 
3.3. Centrifuge the cells at 500 g for 1 minute [1] and resuspend the pellet in 200 microliters of flow cytometry staining buffer, or FACS (Facs), buffer [2]. Centrifuge again at 500 g for 1 minute [3], aspirate the supernatant [4], and wash the cells twice with 200 microliters of FACS buffer [5].
3.3.1. Talent placing the plate in the centrifuge and closing the lid
3.3.2. Talent resuspending the pellet in 200 µL of FACS after discarding the supernatant
3.3.3. Talent placing the plate in the centrifuge and closing the lid
3.3.4. Talent aspirating the supernatant after centrifugation.
3.3.5. Talent washing the cells with 200 µL of staining buffer

3.4. For surface marker staining, add 50 microliters of an antibody cocktail containing anti-CD44 (C-D-forty-four), anti-CD8 (C-D-eight), and a fixable viability dye to the cells [1-TXT]. Incubate for 30 minutes on ice in the dark [2]. Wash the cells three times with 200 microliters of FACS buffer to remove unbound antibodies [3]. Add 200 microliters of fixation and permeabilization solution [4] and incubate the cells for 30 minutes on ice in the dark [5].
3.4.1. [bookmark: OLE_LINK203]CU: Talent adding 50 µL of antibody cocktail to the cells TXT: Antibody Dilution-1:400 In FACS buffer  Video editor: This is ratio!
3.4.2. Talent placing the plate on the ice and keeping it in the dark
3.4.3. [bookmark: OLE_LINK204]Talent washing the cells with 200 µL of FACS 
3.4.4. Talent adding 200 µL of fixation and permeabilization solution
3.4.5. Talent placing the plate on the ice and keeping it in the dark

3.5. [bookmark: OLE_LINK212]Centrifuge the cells at 500 g for 1 minute [1] and discard the supernatant into hazardous chemical waste [2]. Then, wash the cells three times with 1× (one-x) permeabilization wash buffer [3].
3.5.1. Talent placing the plate in the centrifuge and closing the lid
3.5.2. Talent discarding the supernatant into hazardous chemical waste
3.5.3. [bookmark: OLE_LINK207]Talent washing the cells with permeabilization wash buffer 

3.6. [bookmark: OLE_LINK213]For intracellular cytokine staining, add 50 microliters of an antibody cocktail containing anti- tumor necrosis factor-alpha and anti-Granzyme B to the cells [1-TXT]. Then, incubate for 30 minutes on ice in the dark [2]. Wash the cells three times with 1× permeabilization wash buffer to remove unbound antibodies [3], followed by a final wash with FACS buffer [4]. Resuspend the cell pellet in 200 microliters of FACS buffer [5].
3.6.1. [bookmark: OLE_LINK209]CU: Talent adding 50 µL of antibody cocktail to the cells TXT: Antibody Dilution 1:100 in 1x permeabilization wash buffer Video editor: This is ratio!
3.6.2. Talent placing the plate on the ice and keeping it in the dark
3.6.3. Talent washing the cells with permeabilization wash buffer
3.6.4. Talent washing the cells with FACS buffer
3.6.5. Talent resuspending the cell pellet in 200 µL of FACS buffer

4. Flow Cytometric Analysis
4.1. Acquire each sample on a flow cytometer [1]. Exclude debris using Forward-scatter versus side-scatter gating [2] and doublets using singlet gating [3], collect at least 1 × 10⁴ CD8⁺ T cells per sample [4]. 
4.1.1. Talent loading the samples onto the flow cytometer
4.1.2. SCREEN: Gating strategy being applied to exclude debris and doublets 
4.1.3. SCREEN: 1 × 10⁴ CD8⁺ T-cell events being acquired 

4.2. For the proliferation samples, calculate the proportion of cells that have undergone one or more divisions using the proliferation analysis module [1]. For the intracellular cytokine samples, determine the mean fluorescence intensity using the flow cytometry analysis software [2].
4.2.1. SCREEN: Proportion of cells that have undergone one or more divisions being calculated
4.2.2. SCREEN: Mean fluorescence intensity being calculated

4.2.3. 

 
Results

5. Results 

5.1. CTV dilution histograms show the proliferative response of CD8⁺ T cells to increasing anti-CD3 stimulation over time [1]. At 6 hours, minimal proliferation was observed across all stimulation conditions, with proliferating fractions ranging from 0.2% [2] to 4.7% [3]. 
5.1.1. LAB MEDIA: Figure 2
5.1.2. LAB MEDIA: Figure 2 Video Editor: Please highlight the peak in the first graph in the left panel.
5.1.3. LAB MEDIA: Figure 2 Video Editor: Please highlight the peak in the fifth graph in the left panel.

5.2. By 36 hours, proliferation was minimal at 0.1 microgram per milliliter anti-CD3 [1] but increased at higher concentrations, accompanied by distinct CTV dilution peaks at 5 [2] and 10 microgram per milliliter [3]. By 48 hours, proliferation rose markedly in a concentration-dependent manner [4], reaching 89.5% at 10 µg/mL, with additional CTV dilution peaks indicating successive rounds of cell division [5].
5.2.1. LAB MEDIA: Figure 2 Video Editor: Please highlight the peak in the first graph in the middle panel.
5.2.2. LAB MEDIA: Figure 2 Video Editor: Please highlight all the peaks in the fourth graph in the middle panel.
5.2.3. LAB MEDIA: Figure 2 Video Editor: Please highlight all the peaks in the fifth graph in the middle panel.
5.2.4. LAB MEDIA: Figure 2 Video Editor: Please sequentially highlight peaks in all graphs except the fifth graph in the right panel
5.2.5. LAB MEDIA: Figure 2 Please highlight peaks in the fifth graph in the right panel

5.3. Expression of the effector molecule Granzyme B increased with increasing anti-CD3 concentration at 24 hours, reaching its highest level at 10 micrograms per milliliter, indicative of early effector differentiation [1]. By 48 hours, however, this trend reversed, with the highest stimulation doses showing a marked reduction in Granzyme B expression [2]. 
5.3.1. LAB MEDIA: Figure 5C Video Editor: Please show the increase by drawing a line from the blue bar to the black bar in the left graph corresponding to 24 hours
5.3.2. LAB MEDIA: Figure 5C Video Editor: Please highlight the black bar in the left graph corresponding to 48 hours, along with the 10 µg/mL (black) legend in the side of the graph

5.4. Expression of the effector molecule Tumor necrosis factor-alpha peaked under strong stimulation of 10 micrograms per milliliter at 24 hours [1]. By 48 hours, higher anti-CD3 concentrations led to a significant decline in the expression, indicating reduced production of effector molecules [2].
5.4.1. LAB MEDIA: Figure 5C Video Editor: Please highlight the black bar in the right graph corresponding to 24 hours, along with the 10 µg/mL (black) legend in the side of the graph
5.4.2. LAB MEDIA: Figure 5C Video Editor: Please highlight the black bar in the right graph corresponding to 48 hours, along with the 10 µg/mL (black) legend in the side of the graph
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