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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  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

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?   Yes
If Yes, how far apart are the locations? 50 meters

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

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps: 20
Number of Shots:  56 (21 SC) 

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

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: 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. Shih-Hsuan Chan: We study how anti-CD24 antibodies enhance macrophage-mediated elimination of triple-negative breast cancer cells.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Shih-Hsuan Chan: Current assays lack real-time visualization of antibody-dependent phagocytosis. This protocol addresses that limitation.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Shih-Hsuan Chan: This protocol can be applied to evaluate therapeutic antibodies, macrophage checkpoint blockade, and macrophage-based immunotherapies in various cancers.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Rong-Chen Chang: This protocol enables visualization and quantification of macrophage phagocytosis against antibody-coated cancer cells.

Describe the most important consideration or challenge when performing this protocol.
1.5. Shih-Hsuan Chan: Maintaining macrophage viability and activation is critical for obtaining reliable phagocytosis results.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Shih-Hsuan Chan: Researchers can also combine this system with cytokine profiling or immune signaling analysis to study downstream macrophage activation.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Shih-Hsuan Chan: Future studies may apply this platform to evaluate emerging macrophage-targeted cancer immunotherapies.


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

Ethics Title Card

This research has been approved by the Institutional Review Board (IRB) at China Medical University



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. PBMC-Derived Macrophage Preparation
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, dilute the 10 milliliters of whole blood collected from a healthy donor at a 1 to 1 ratio with ice-cold calcium- and magnesium-free phosphate-buffered saline, or PBS (P-B-S) [1]. Mix the diluted blood by inversion 3 to 5 times [2]. 
2.1.1. WIDE: Talent adding PBS to the collected blood for dilution. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent gently inverting the tube containing diluted blood multiple times.
2.2. Equilibrate both the diluted blood and Ficoll–Paque PLUS (FI-kohl-pack-plus) to the same temperature of approximately 20 degrees Celsius [1]. Tilt the conical tube at a 45-degree angle [2] and slowly pipette the diluted blood along the wall to layer it over the Ficoll–Paque PLUS at a 2:1 volume ratio [3].
2.2.1. Talent placing diluted blood and Ficoll–Paque PLUS on the laboratory bench for equilibration.
2.2.2. Talent holding the conical tube at a 45-degree angle. 
2.2.3. Talent carefully layering diluted blood over Ficoll–Paque PLUS in a conical tube.
2.3. Centrifuge at 400 g for 30 minutes at 20 degrees Celsius with the brake turned off [1]. Use a serological pipette to carefully aspirate only the buffy coat layer, avoiding the plasma above and the Ficoll layer below to collect the peripheral blood mononuclear cells, or PBMCs (P-B-M-seas) [2]. 
2.3.1. Talent placing the conical tube into the centrifuge.
2.3.2. Talent aspirating the buffy coat layer using a serological pipette.
2.4. After transferring the collected layer to a fresh 50-milliliter conical tube, add PBS to adjust the total volume to 25 milliliters [1]. Centrifuge the tube at 300 g for 10 minutes [2]. Discard the supernatant [3].
2.4.1. Talent adding PBS to the conical tube up to the 25 mL mark.
2.4.2. Talent placing the tube into the centrifuge.
2.4.3. Talent discarding the supernatant from the tube.
2.5. Use a serological pipette to resuspend the pellet in 5 milliliters red blood cell, or RBC (R-B-C) lysis buffer by gentle pipetting until it is fully dispersed and free of visible clumps [1]. After 5 minutes of incubation at room temperature, centrifuge at 500 g for 5 minutes to pellet PBMCs [2] Remove lysed RBC debris by discarding the supernatant [3].
2.5.1. Talent resuspending the pellet in RBC lysis buffer by gentle pipetting.
2.5.2. Talent placing the tube into the centrifuge.
2.5.3. Talent discarding the supernatant after centrifugation.
2.6. Resuspend the pellet in 5 milliliters ImmunoCult-SF (S-F) macrophage medium [1]. After counting, seed 1 × 10⁷ PBMCs into a non-tissue-culture-treated 10-centimeter Petri dish [2].
2.6.1. Talent resuspending the pellet in ImmunoCult-SF macrophage medium.
2.6.2. Talent seeding PBMCs into a 10-centimeter Petri dish.
2.7. Adjust the total volume to 10 milliliters using ImmunoCult-SF macrophage medium supplemented with 100 nanograms per milliliter macrophage colony-stimulating factor, or M-CSF (M-C-S-F) [1]. Mix the medium by gentle inversion [2]. Incubate the cells for 7-10 days to allow macrophage differentiation and polarization following interferon gamma, or IFN (I-F-N)-gamma and lipopolysaccharide, or LPS (L-P-S) stimulation [3]. Prior to phagocytosis assay, evaluate the macrophage population via flow cytometry [4] to verify that over 90 percent of CD11b (C-D-eleven-B)-positive macrophages are polarized to the CD80 (C-D-eighty) positive and CD206 (C-D-two-oh-six) negative pro-inflammatory state [5]. (Authors: We have added this information for a cohesive flow of steps. Please suggest if this is appropriate?)
2.7.1. Talent adding supplemented ImmunoCult-SF macrophage medium to the dish.
2.7.2. Talent gently inverting the container to mix the medium.
2.7.3. Talent placing the dish in the incubator.
2.7.4. Representative shot of talent performing flow cytometry
2.7.5. LAB MEDIA: Figure 1. Video Editor: Show only the flow cytometric plot on the bottom left of the image and highlight the value 95.2

3. Antibody-Dependent Phagocytosis Assay
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. For macrophage preparation, seed polarized macrophages at 2 × 10⁵ cells per well in a 24-well tissue culture plate [1]. Incubate the cells at 37 degrees Celsius with 5 percent carbon dioxide for 12 to 16 hours to allow cell adherence [2].
3.1.1. Talent seeding macrophages into a 24-well tissue culture plate.
3.1.2. Talent placing the plate into the incubator.
3.2. For cancer cell preparation, culture CD24 (C-D-twenty-four)-positive green fluorescent protein, or GFP (G-F-P)-labelled breast cancer cells to 70 percent to 80 percent confluency [1]. After aspirating the medium, wash the cell monolayer once with PBS [2].
3.2.1. Shot of the cultured breast cancer cells at 70-80% confluency.
3.2.2. Talent washing the cell monolayer with PBS.
3.3. Add 10 millimolar ethylene-diamine-tetra-acetic-acid, or EDTA (E-D-T-A) in PBS to the culture dish [1]. Following a 5 to 10 minute incubation at 37 degrees Celsius, detach the cells by gentle pipetting to achieve complete cell release [2].
3.3.1. Talent adding EDTA solution to the culture dish.
3.3.2. Talent gently pipetting to detach the cells.
3.4. Centrifuge the detached cells in 2 tubes at 300 g for 5 minutes [1]. After discarding the supernatant, resuspend the cell pellets in 0.5 milliliters of complete Dulbecco's Modified Eagle Medium, or DMEM (D-M-E-M) to achieve a density of 2 × 10⁵ cells per milliliter [2]. 
3.4.1. Talent placing the tube into the centrifuge.
3.4.2. Talent resuspending the cell pellet in complete DMEM.
3.5. For antibody opsonization, add anti-CD24 monoclonal antibody to one tube to achieve a final concentration of 1 microgram per milliliter and add isotype-matched IgG (I-G-G) antibody to another tube as a negative control [1]. Mix the cell suspension by gentle pipetting to ensure uniform antibody distribution [2] and incubate for 30 minutes at 37 degrees Celsius under static conditions [3].
3.5.1. Talent adding anti-CD24 monoclonal antibody and IgG antibody to the cell suspensions in two tubes. 
3.5.2. Talent gently pipetting the suspension to mix.
3.5.3. Talent placing the tube into the incubator.
3.6. Next, proceed directly to co-culture without washing the cells to maintain antibody coating on the cell surface [1]. Add 1 × 10⁵ antibody-opsonized GFP-tagged breast cancer cells to each well containing macrophages, maintaining an effector-to-target ratio of 2 to 1 [2].
3.6.1. Talent transferring the opsonized cells for co-culture.
3.6.2. Talent adding antibody-opsonized cancer cells into wells containing macrophages.
4. Time-Lapse Imaging By Automated Live-cell Imaging System
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. Switch on the imaging system, environmental control module, and carbon dioxide gas supply at least 1 hour before imaging [1]. Open the Environment Control panel in the automated live-cell imaging software [2]. Set the chamber temperature to 37 degrees Celsius and carbon dioxide to 5 percent ensuring that both settings are stabilized before loading the plate [3].
4.1.1. Talent switching on the imaging system and environmental control module.
4.1.2. SCREEN: Show the automated live-cell imaging software interface and opening the Environment Control panel.
4.1.3. SCREEN: Show the user entering 37 degrees Celsius temperature and 5% CO2 settings and show the stabilized settings.
4.2. Place the 24-well plate into the imaging chamber of the imaging system [1].
4.2.1. Talent loading the 24-well plate into the imaging chamber.
4.3. For initial configuration, open the Task Manager in the automated live-cell imaging software [1]. Select Imager manual mode [2]. Click Capture now to initialize imaging parameters [3]. Select a 10X objective [4].
4.3.1. SCREEN: Show the Task Manager window in the automated live-cell imaging software.
4.3.2. SCREEN: Show the user selecting Imager manual mode.
4.3.3. SCREEN: Show the user clicking Capture now.
4.3.4. SCREEN: Show the 10× objective selected in the software.
4.4. Choose microplate as the filter setting [1]. Select 24-well plate from the plate library of the automated live-cell imaging software [2]. For focus and image setup, select the Phase Contrast channel [3]. Select a representative well such as A1 [4]. Activate autofocus before time-lapse acquisition [5]. 
4.4.1. SCREEN: Show microplate selected as the filter setting.
4.4.2. SCREEN: Show the user selecting a 24-well plate from the plate library.
4.4.3. SCREEN: Show the Phase Contrast channel selected.
4.4.4. SCREEN: Show representative well A1 selected on the plate map.
4.4.5. SCREEN: Show autofocus being activated before acquisition.
4.5. Capture an image using the camera icon [1]. Confirm cell morphology and focus quality [2]. Navigate to Process/Analyze [3]. Select Create experiment from an image set to configure the experiment [4]. 
4.5.1. SCREEN: Show the user capturing an image using the camera icon.
4.5.2. SCREEN: Show the captured image with proper cell morphology and focus quality.
4.5.3. SCREEN: Show the user navigating to Process/Analyze.
4.5.4. SCREEN: Show the user selecting Create experiment from an image set.
4.6. To set the time-lapse acquisition parameters, open the Procedure settings panel [1]. Set the temperature to 37 degrees Celsius and carbon dioxide to 5 percent [2]. Under Start Kinetic, set the run time to sixteen hours [3]. 
4.6.1. SCREEN: Show the Procedure settings panel.
4.6.2. SCREEN: Show the temperature and carbon dioxide settings entered in the panel.
4.6.3. SCREEN: Show the user entering a run time of 16 hours in the Start Kinetic settings.
4.7. Set the imaging interval to ten minutes [1]. Set the total reads to 97 [2]. Use an imaging interval of 10 to 15 minutes to balance temporal resolution and phototoxicity while capturing early phagocytic events [3].
4.7.1. SCREEN: Show the imaging interval set to 10 minutes.
4.7.2. SCREEN: Show the total reads value set to 97.
4.7.3. SCREEN: Show the finalized experiment setup with all kinetic imaging parameters displayed.
4.7.4. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 100.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Sequential imaging from 1 to 16 hours demonstrated the dynamic process of phagocytosis, including initial cell-cell contact, membrane engagement, and complete internalization of target cells [1] with clear temporal progression of cancer cell uptake by macrophages [2]. 
5.1.1. LAB MEDIA: Figure 2B
5.1.2. LAB MEDIA: Figure 2C. Video Editor: Please emphasize the white-arrow-pointed region and the panel labels in all four panels sequentially. 

5.2. In the IgG control condition, no phagocytic events were detected across the analyzed fields, indicating minimal baseline phagocytosis [1]. Anti-CD24 treatment produced abundant intracellular GFP-positive signals in macrophages, indicating active antibody-dependent phagocytosis [2].
5.2.1. LAB MEDIA: Figure 3A. Video Editor: Please emphasize the top panel labelled “IgG”
5.2.2. LAB MEDIA: Figure 3A: Video Editor: Please emphasize the green spots in bottom panel labeled “Anti-CD24 mAb”

5.3. Quantification of the phagocytosis index revealed a significant increase from zero percent in the IgG group [1] to approximately 18 percent in the anti-CD24-treated group, demonstrating robust and reproducible antibody-mediated phagocytic activity [2].
5.3.1. LAB MEDIA: Figure 3B. Video Editor: Please emphasize the bar labelled “IgG” at zero value on X-axis.
5.3.2. LAB MEDIA: Figure 3B. Video Editor: Please emphasize the height of the blue bar labelled “Anti-CD24 mAb”.
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