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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. Yes

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. 

Michael R. King, E.D. Butcher Professor of Bioengineering, Associate Vice President of Research, Special Advisor to the Provost, Rice University; CPRIT Scholar.


Current Protocol Length
Number of Steps:  34
Number of Shots:  51

Interviews
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

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Michael King: Our research focuses on cancer and immune cell mechanobiology to understand fluid-force responses and improve metastatic cancer diagnosis and treatment.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research contexts or systems in which this protocol can be applied.
1.2. Michael King: This protocol can recreate fluid forces in blood circulation and can be applied to processing cellular therapy samples.
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. Michael King: These platforms enable systematic investigation of how shear magnitude, duration, profile, and temperature independently modulate immune and cancer cell behavior.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Are there any additional methods or analyses that can be performed following this procedure?
1.4. Natalie Curry: Our methods could be adapted to recreate the lymphatic circulation, and we are currently exploring even higher, previously unattempted shear pulses. 
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. Melissa Cantu: Future studies could investigate fluid shear stress for expanding mechanoresponsive cells in tissue engineering and extreme shear pulses for transfection.
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.




Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

What value do you expect this video article to have for other researchers working in your field?
1. 
1.1. 
1.2. 
1.3. 
1.4. 
1.5. 
1.6. Michael R. King: (authors will present their testimonial statements live)
1.6.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.

How does the video format of your article help you to share your work with the broader scientific community?
1.7. Michael R. King: (authors will present their testimonial statements live)
1.7.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.



















Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Fluid Shear Stress (FSS) Experiment
Demonstrator: Melissa Cantu 

2.1. Begin by configuring the viscometer setup by selecting the previously determined spindle and the rotations per minute [1]. 
2.1.1. WIDE: Talent in front of the instrument, checking the parameters. 
2.2. To prevent nonspecific cell adhesion, perform blocking on the plate and spindle using BSA [1].
2.2.1. Talent adding BSA to the plate with the spindle in the frame.
2.3. After collecting and counting the primary immune cells, resuspend at the desired concentration in complete media with antibiotics [1].
2.3.1. Talent resuspending the cells in complete	media.
2.4. Using a mini wrench, attach the spindle to the coupling of the viscometer instrument, while avoiding contact between fingers and the bottom surface of the spindle to maintain sterility [1].
2.4.1. Talent attaching the spindle using a mini wrench without touching the bottom surface of the spindle.
2.5. Add the working volume of the cell suspension to the plate [1] and attach the plate to the viscometer [2].
2.5.1. Talent adding the working volume of the cell suspension to the plate.
2.5.2. Talent attaching the plate to the viscometer.
2.6. Initiate the fluid shear stress protocol [1] and start a timer for the desired duration based on the experimental design [2].
2.6.1. Talent initiating the fluid shear stress protocol.
2.6.2. Talent starting a timer for the desired duration based on the experimental design.
2.7. Start the viscosity test by pressing the Run button on newer viscometers [1].
2.7.1. Talent pressing the Run button on a newer viscometer.
2.8. Record the final viscosity reading in centipoise, if desired, for experimental documentation [1].
2.8.1. SCREEN: The final viscosity reading in centipoise for experimental documentation is being recorded.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible:  https://review.jove.com/account/file-uploader?src=22181478
2.9. Stop the viscosity test by pressing the Stop Run button on newer viscometers [1].
2.9.1. Talent pressing the Stop Run button on a newer viscometer.
2.10. Detach the plate [1]. Using a mini wrench, carefully remove the spindle while avoiding contact between fingers and the bottom surface of the spindle [2].
2.10.1. Talent detaching the plate.
2.10.2. Talent carefully removing the spindle using a mini wrench without touching the bottom surface of the spindle.
2.11. Using a pipette, remove the cell suspension from the viscometer and transfer it to a conical tube [1].
2.11.1. Talent using a pipette to remove the cell suspension from the viscometer and transfer it to a conical tube.
2.12. Wash the spindle and plate surfaces with 2 milliliters of PBS to dislodge stuck cells [1] and transfer the wash buffer to the conical tube [2].
2.12.1. Talent washing the spindle and plate surfaces with 2 milliliters of phosphate-buffered saline.
2.12.2. Talent transferring the wash buffer to the conical tube.
2.13. Centrifuge the conical tubes at 300 g for 5 minutes to pellet the cells [1].
2.13.1. Talent placing the conical tubes in the centrifuge.
2.14. Inside a biosafety cabinet, aspirate the supernatant [1] and resuspend the cells at the desired concentration in complete media with antibiotics [2].
2.14.1. Talent aspirating the supernatant from the conical tube inside a biosafety cabinet.
2.14.2. Talent resuspending the cells at the desired concentration in complete media with antibiotics.
2.15. Plate the cell suspension or use it immediately for downstream analysis [1]. Clean the materials and power off the instruments [2].
2.15.1. Talent plating the cell suspension for downstream analysis.
2.15.2. Talent cleaning the materials and powering off the instruments.


3. Multichannel Pipettor Device Setup
Demonstrator: Melissa Cantu or Natalie Curry 
Authors: Please let us know, who demonstrated this section after filming.
3.1. Power on the multichannel pipettor device [1]. Manually attach the autoclaved modified needle tips prepared earlier to the desired channels of the pipette head [2].
3.1.1. WIDE: Talent powering on the multichannel pipettor device.
3.1.2. Talent manually attaching the autoclaved modified needle tips to the desired channels of the pipette head 
3.2. Place a 150-microliter reservoir holder and a disposable reservoir on the B stage [1] and pour 100 milliliters of PBS into the reservoir [2].
3.2.1. Talent placing a 150-microliter reservoir holder and a disposable reservoir on the B stage.
3.2.2. Talent pouring 100 milliliters of phosphate-buffered saline into the reservoir.
3.3. Using the Pipet/Mix (Pipet or Mix) preset program, wash the tips with PBS by pipetting 250 microliters up and down 10 times at speed 8 [1].
3.3.1. SCREEN: The Pipet/Mix preset program is being selected, and the tips are being washed.
3.4. During washing, inspect all tips for adequate suction [1]. Replace any faulty tips and repeat the wash until all tips aspirate properly and uniformly before proceeding [2].
3.4.1. Talent inspecting all tips for adequate and uniform suction during washing.
3.4.2. Talent replacing faulty tips and repeating the wash.
3.5. Discard the PBS from the reservoir [1] and pour 100 milliliters of 70% ethanol into the reservoir [2].
3.5.1. Talent discarding the phosphate-buffered saline from the reservoir.
3.5.2. Talent pouring 100 milliliters of 70% ethanol into the reservoir.
3.6. Using the Pipet/Mix preset program, wash the tips with 70% ethanol by pipetting 250 microliters up and down 10 times at speed 8 [1]. Then, discard the used reservoir [2].
3.6.1. SCREEN: The Pipet/Mix preset program is being selected  and the tips are being washed.
3.6.2. Talent discarding the used reservoir.
3.7. Then, place a new reservoir on the holder [1] and pour 100 milliliters of 1% BSA in PBS into the reservoir [2].
3.7.1. Talent placing a new reservoir on the holder.
3.7.2. Talent pouring 100 milliliters of 1% bovine serum albumin in phosphate-buffered saline into the reservoir.
3.8. Using the Pipet/Mix preset program, wash the tips with 1% BSA by pipetting 250 microliters up and down 10 times at speed 8 [1].
3.8.1. SCREEN: The Pipet/Mix preset program is being selected  and the tips are being washed with BSA.
3.9. Using the Pipet preset program, aspirate 250 microliters of 1% BSA and allow the tips to block for at least 30 minutes [1].
3.9.1. SCREEN: bovine serum albumin is being aspirated using the Pipet preset program.

4. FSS Experiment Using Multichannel Pipettor 
Demonstrator: Melissa Cantu or Natalie Curry 
Authors: Please let us know, who demonstrated this section after filming.

4.1. Collect and count the cells using an automated cell counter with trypan blue staining [1]. Resuspend the cells at the desired concentration in complete media with antibiotics as appropriate for the experimental design [2].
4.1.1. WIDE: Talent collecting and counting the cells using an automated cell counter with trypan blue staining.
4.1.2. Talent resuspending the cells at the desired concentration in complete media with antibiotics.
4.2. Plate 200 microliters of the cell suspension per well in a low-binding U-bottom 96-well plate with a lid [1].
4.2.1. Talent plating 200 microliters of the cell suspension per well in a low-binding U-bottom 96-well plate.
4.3. On the multichannel pipettor menu, navigate to Custom Programs and select the protocol name [1]. Confirm that the Z parameter locates the tip opening at the lowest center of the U-bottom well, keeping it 1 millimeter above the bottom to avoid air aspiration and bubbles [2].
4.3.1. SCREEN: Custom Programs being selected on the multichannel pipettor menu. protocol name being selected.
4.3.2. Talent confirming that the tip opening is positioned at the lowermost center region of the U-bottom well with 1 millimeter between the tip opening and the bottom of the well.
4.4. Press the Run key to initiate the protocol [1]. To abort the protocol at any point, press the back arrow button located above the touch wheel [2].
4.4.1. Talent pressing the Run key to initiate the protocol.
4.4.2. Talent pressing the back arrow button located above the touch wheel to abort the protocol.
4.5. After completing the protocol, transfer the cells to the incubator or use them immediately for downstream analysis [1].
4.5.1. Talent transferring the cells to the incubator for downstream analysis.
4.6. If unmodified tips were used, discard the tips in biohazard waste [1]. 
4.6.1. Talent discarding unmodified tips in biohazard waste.
4.7. If modified tips were used, using the Pipet/Mix preset program, wash them with 70% ethanol by pipetting 200 microliters up and down 10 times at speed 8 [1].
4.7.1. WIDE: Talent washing the needle tips with 70% ethanol by pipetting 200 microliters up and down 10 times using the Pipet/Mix preset program.
4.8. Discard the 70% ethanol from the reservoir [1]. Pour 100 milliliters of PBS into the reservoir [2].
4.8.1. Talent discarding the 70% ethanol from the reservoir.
4.8.2. Talent pouring 100 milliliters of phosphate-buffered saline into the reservoir.
4.9. Using the Pipet/Mix preset program, wash the needle tips with PBS by pipetting 200 microliters up and down 10 times at speed 8 [1].
4.9.1. SCREEN: The Pipet/Mix preset program is being selected and the needles are being washed.
4.10. Discard the used reservoir [1]. Store the needle tips in an autoclave-safe container for future autoclaving and reuse [2].
4.10.1. Talent discarding the used reservoir.
4.10.2. Talent storing the needle tips in an autoclave-safe container for future autoclaving and reuse.



Results
5. Results 

5.1. Primary T cell expansion fold trended higher across all timepoints for both FSS with bead treatments than for beads alone, with the difference becoming more pronounced at later timepoints [1].
5.1.1. LAB MEDIA: Figure 3C. Video editor: Highlight the pink and purple “FSS+Beads” bars.
5.2. FSS with bead and bead-only primary T cell conditions reached near-100% divided by Day 6/7 (Six-or-Seven) and remained near 100% through Day 8/9 (Eight-or-nine) [1], while static and FSS-only conditions remained near zero [2].
5.2.1. LAB MEDIA: Figure 3C. Video editor: Highlight the orange, pink, and purple bars at Day 6/7 and Day 8/9.
5.2.2. LAB MEDIA: Figure 3C. Video editor: Highlight the gray, green, and blue bars.
5.3. Viscometer FSS with bead-treated Jurkat cells showed significantly higher proliferation than all other conditions as early as Day 3 [1].
5.3.1. LAB MEDIA: Figure 3D. Video editor: Highlight the pink line 
5.4. Ki-67 (K-I-sixty-seven) positive Jurkat cells were highest in the FSS with bead condition at all timepoints [1].
5.4.1. LAB MEDIA: Figure 3E. Video editor: Highlight the pink line.
5.5. Interferon gamma production trended higher with FSS with beads than beads alone across timepoints [1], although the difference was not significant, and production declined in all conditions by Day 6 [2].
5.5.1. LAB MEDIA: Figure 3F. Video editor: Highlight the pink bars at day3
5.5.2. LAB MEDIA: Figure 3F. Video editor: Highlight the Day 6 bars.
5.6. FSS with bead treatment significantly elevated Day 3 CD69 expression in Jurkat cells compared with other groups [1].
5.6.1. LAB MEDIA: Figure 3G. Video editor: Highlight the pink bar.
5.7. Sheared M2 macrophages showed significantly greater phagocytic activity than static M2 macrophages [1] and significantly higher actin signal [2].
5.7.1. LAB MEDIA: Figure 4B,D. Video editor: Highlight “M2 Sh” and “M2 St”.
5.7.2. LAB MEDIA: Figure 4C. Video editor: Highlight “M2 Sh” and “M2 St”.
5.8. [bookmark: _GoBack]FSS did not significantly increase phagocytic activity in M0 macrophages [1] or monocytes [2].
5.8.1. LAB MEDIA: Figure 4B,D. Video editor: Highlight “M0 St” and “M0 Sh”.
5.8.2. LAB MEDIA: Figure 4B,D. Video editor: Highlight “Mon St” and “Mon Sh”.
5.9. LNCaP (L-N-Cap) cell viability significantly decreased as FSS pulse number increased, reaching 19.5 at 10 pulses [1].
5.9.1. LAB MEDIA: Figure 5B. Video editor: Highlight the LNCaP data at 0, 5, and 10 shear pulses.
5.10. PC3 cells showed no significant change in late-stage apoptosis across FSS pulse numbers [1].
5.10.1. LAB MEDIA: Figure 5C. Video editor: Highlight the PC3 data at 0, 5, and 10 shear pulses.
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