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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?  NO

3. Filming location: Will the filming need to take place in multiple locations?   YES
If Yes, how far apart are the locations? 
Three rooms adjacent to one another. 

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: 49 

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. Alexander Buffone: Our research investigates how engineering immune cells alters their biophysical interactions with the environment and regulates cellular migration.
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. Alexander Buffone: Existing methods inadequately control shear flow and vascular diameter simultaneously; this microfluidic protocol enables coordinated manipulation of both variables.
1.2.1. [bookmark: OLE_LINK1]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. Aman Mittal: This protocol allows researchers to measure directional migration of immune cells under shear flow across varying channel widths.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

[bookmark: OLE_LINK2]Describe the most important consideration or challenge when performing this protocol.
1.4. Subham Guin: Laser-cutting limits channels to 0.05 mm, preventing true 5–10 µm capillary confinement; therefore, the model only approximates capillary-like geometry.
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. Aman Mittal: Future studies could incorporate physiological capillary-scale channels and networks to determine how true confinement and constriction alter directional immune-cell migration.
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. Microfluidic Flow Chamber Assembly
Demonstrator: Aman Mittal 
2.1. To begin, arrange the rectangular parallel-plate flow-chamber components, endothelial ligand–coated microscope slide, microfluidic gasket, and glass dish [1]. Fill a 2.6-liter glass dish with 1.5 to 2 liters of deionized water to submerge the components of the rectangular parallel-plate flow chamber [2]. 
2.1.1. WIDE: Talent arranging the required components on the workbench.
2.1.2. Talent filling a 2.6-liter glass dish with 1.5 to 2 liters of deionized water.

2.2. Assemble the bottom portion of the parallel-plate flow chamber and position it with the indentation for the slide and gasket facing upward [1]. Insert the coated microscope slide with its coated surface facing upward [2], then place the microfluidic gasket on top of the slide [3].
2.2.1. Talent assembling and positioning the bottom portion of the flow chamber with the indentation facing upward.
2.2.2. CU: Talent inserting the coated microscope slide into the indentation with its coated surface facing upward.
2.2.3. CU: Talent placing the microfluidic gasket on top of the coated microscope slide.

2.3. Attach the bottom piece of the parallel-plate flow chamber to the top piece containing the inlet and outlet [1]. Seal the assembled flow chamber using 6 countersunk flat-head machine screws [2-TXT].
2.3.1. Talent aligning and attaching the bottom piece of the flow chamber to the top piece containing the inlet and outlet.
2.3.2. CU: Talent sealing the assembled flow chamber using six countersunk flat-head machine screws. TXT: #8-32 × 3/4-inch screws

2.4. Prepare a 2-foot-long silicone tube with an inner diameter of one-sixteenth of an inch and an outer diameter of one-eighth of an inch for connection to the inlet of the microfluidic device [1]. Attach a female Luer (LOO-er)-lock adapter with a one-sixteenth-inch hose-barb fitting to one end of the silicone tube [2]. Next, connect a male Luer-taper connector with a one-sixteenth-inch hose-barb fitting to the other end of the tube [3].
2.4.1. Talent preparing one 2-foot-long silicone tube with the specified inner and outer diameters for connection to the microfluidic-device inlet.
2.4.2. CU: Talent attaching a female Luer-lock adapter to one end of the silicone tube.
2.4.3. CU: Talent connecting the male Luer-taper connector to the opposite end of the silicone tube.

2.5. Fill a 30-milliliter syringe with deionized water [1] and attach it to the female Luer-lock adapter connected to the tubing [2]. Purge all the air from the tubing [3], then attach the silicone tubing connected to the syringe to the inlet of the microfluidic device [4].    
2.5.1. CU: Talent filling the syringe with deionized water.
2.5.2. CU: Talent attaching the filled syringe to the female Luer-lock adapter on the silicone tube.
2.5.3. Talent purging silicone tubing to remove all air.
2.5.4. CU: Talent attaching the free end of silicone tubing to the inlet of the microfluidic device.

2.6. Prepare a second silicone tube and attach a male Luer-taper connector, as demonstrated earlier [1]. Then, connect the tube to the outlet of the microfluidic device [2]. Using the syringe containing deionized water, purge the microfluidic device until no air bubbles remain in the channel or the inlet and outlet tubing [3].
2.6.1. Talent preparing outlet silicone tube fitted with the male Luer-taper connector.
2.6.2. CU: Talent connecting the second silicone tube to the outlet of the microfluidic device.
2.6.3. CU: Talent purging the microfluidic device with deionized water and confirming that the channel and tubing are free of air bubbles.

2.7. Secure the assembled microfluidic device onto the microscope stage [1]. Place a 50-milliliter beaker inside the microscope environmental chamber [2] and position the outlet tubing in the beaker to collect the flow-through [3].
2.7.1. CU: Talent securing the assembled microfluidic device onto the microscope stage.
2.7.2. Talent placing a 50-milliliter beaker inside the microscope environmental chamber.
2.7.3. Talent positioning the outlet tubing in the beaker to collect the flow-through.

2.8. Clamp both the inlet and outlet tubing with paper clips to establish a zero-flow state [1]. Allow the microfluidic device to equilibrate at 37 degrees Celsius in the environmental chamber for 10 to 15 minutes [2]. Using the marker outlines on the slide as a guide, focus the microscope on the endothelial ligand-coated regions of the microfluidic channel [3].
2.8.1. CU: Talent clamping the inlet and outlet tubing with paper clips.
2.8.2. The microfluidic device equilibrating inside the environmental chamber.
2.8.3. SCREEN: The endothelial ligand-coated region of the microfluidic channel is being focused on.
Authors: Please ensure that the endothelial ligand-coated region is clearly visible and in focus on the microscope screen during filming.
Videographer: Please capture the screen for this shot.

3. Cell Preparation and Microfluidic Flow Chamber Loading
Demonstrator: Subham Guin 

3.1. Transfer 3 milliliters of differentiated HL-60 (h-l-sixty) cell suspension containing approximately 3 million cells from the tissue-culture flask into a sterile collection tube [1-TXT]. Centrifuge the cell suspension at 120 g for 5 minutes at room temperature [2].
3.1.1. Talent transferring the differentiated HL-60 cell suspension from the tissue-culture flask into a sterile collection tube. TXT: See text protocol for HL-60 cell differentiation details
3.1.2. Talent placing the cell suspension tube in the centrifuge and closing the lid.

3.2. Aspirate the supernatant [1] and resuspend the pellet thoroughly in 3 milliliters of Iscove’s (IS-kohvz) modified Dulbecco’s medium supplemented with 10% FBS and 1% penicillin and streptomycin [2].
3.2.1. CU: Talent aspirating the supernatant without disturbing the cell pellet.
3.2.2. CU: Talent thoroughly resuspending the cell pellet in 3 milliliters of medium.

3.3. Add 2 to 4 drops of nuclear live-cell imaging reagent to the cell suspension to enhance the imaging and tracking of migrating cells [1]. Then incubate for 5 minutes at room temperature [2].
3.3.1. CU: Talent adding 2 to 4 drops of nuclear live-cell imaging reagent to the cell suspension.
3.3.2. Talent incubating the labeled cell suspension at room temperature.

3.4. Draw the 3-milliliter cell suspension into a sterile 3-milliliter syringe fitted with a Luer-lock connector [1]. Purge all air bubbles from the syringe before perfusing the cells through the microfluidic device [2].
3.4.1. CU: Talent drawing the cell suspension into a sterile 3-milliliter syringe fitted with Luer-lock connector.
3.4.2. Talent removing all air bubbles from the syringe.

3.5. Keeping both the inlet and outlet tubing clamped, remove the water-filled syringe connected to the inlet tubing of the microfluidic device [1]. Attach the 3-milliliter syringe containing the cell suspension to the inlet tubing of the microfluidic device and secure it with the Luer-lock connector [2]. 
3.5.1. Talent disconnecting the water syringe while the inlet and outlet tubing remain clamped.
3.5.2. CU: Talent attaching the syringe containing the cell suspension to the inlet tubing and secures the Luer-lock connector.

3.6. Remove the clamps from the inlet and outlet tubing [1]. Gently depress the syringe to perfuse the 3-milliliter cell suspension through the microfluidic device [2] while monitoring the flow under the microscope until the channel is filled with cells [3].
3.6.1. Talent removing the clamps from the inlet and outlet tubing.
3.6.2. Talent gently depressing the syringe to perfuse the cell suspension through the microfluidic device.
3.6.3. SCREEN: The cell suspension flowing through and filling the microfluidic channel.
Videographer: Please capture the screen for this shot.

3.7. Clamp both the inlet and outlet tubing while keeping the cell-suspension syringe attached to establish a zero-flow state [1]. Then incubate the cells in the microfluidic device for 45 minutes to allow them to attach to the intercellular adhesion molecule 1–coated surface [2].
3.7.1. Talent clamping the inlet and outlet tubing while the cell-suspension syringe remains attached.
3.7.2. Talent maintaining the microfluidic device inside the microscope environmental chamber.
Videographer: Film through the environment chamber’s viewing window, the clamped device immediately after zero flow is established, and additional shots during incubation.

4. Shear-Flow Migration Experiment
Demonstrator: Subham Guin and Aman Mittal 

4.1. Fill a 30-milliliter syringe with serum-free Iscove’s modified Dulbecco’s medium [1], then remove all air bubbles from the syringe before use [2]. Keeping both the inlet and outlet tubing clamped, remove the 3-milliliter cell-suspension syringe connected to the inlet tubing of the microfluidic device [3]. Attach the 30-milliliter medium-filled syringe to the inlet tubing of the microfluidic device and secure it with the Luer-lock connection [4].
4.1.1. Talent filling a 30-milliliter syringe with serum-free Iscove’s modified Dulbecco’s medium.
4.1.2. CU: Talent removing all air bubbles from the syringe.
4.1.3. Talent disconnecting the cell-suspension syringe while the inlet and outlet tubing remain clamped.
4.1.4. CU: Talent attaching medium-filled syringe to the inlet tubing and secures the Luer-lock connector.

4.2. Remove the clamps from the inlet and outlet tubing [1]. Attach the 30-milliliter syringe to the syringe pump using a single-syringe setup [2], then configure the pump for a 30-milliliter syringe [3].
4.2.1. Talent removing the clamps from the inlet and outlet tubing.
4.2.2. Talent mounting the 30-milliliter syringe onto the syringe pump in a single-syringe setup.
4.2.3. Talent configuring the syringe pump for a 30-milliliter syringe on its in-built display.

4.3. Enter the calculated volumetric flow rate into the syringe pump to generate a shear rate of 800 inverse seconds [1-TXT], then activate the pump to initiate flow [2]. Maintain the microfluidic device under shear flow for 10 minutes [3]. Then select the imaging fields and configure the microscope image acquisition software for multiposition time-lapse imaging [4].
4.3.1. CU: Talent entering the flow rate on the syringe pump’s built-in screen. TXT: See text protocol for equation details
4.3.2. CU: Talent starting the syringe pump.
4.3.3. SCREEN: The microscope monitor showing unattached cells flowing away while attached cells remain on the channel surface as flow begins.
Videographer: Please capture the screen for this shot.
4.3.4. SCREEN: Imaging fields being selected and multiposition time-lapse acquisition being configured.
Videographer: Please capture the screen for this shot.


Results
5. Results 

5.1. Under isotype-control conditions, differentiated HL-60 cells migrated predominantly downstream across the 1.25-, 0.05-, and 2.5-millimeter channel-width regions [1]. Following blockade of cluster of differentiation 11b (eleven-b), upstream migration increased in the 1.25- and 2.5-millimeter regions, whereas downstream migration remained predominant in the narrow 0.05-millimeter region [2].
5.1.1. LAB MEDIA: Figure 2A. Video Editor: Emphasize the plots sequentially from left to right for the 1.25-, 0.05-, and 2.5-mm regions. Highlight with an arrow the blue density cluster in each plot of 2A.
5.1.2. LAB MEDIA: Figure 2B. Video Editor: Highlight with arrows the red density cluster in the 1.25 (left)- and 2.5-(right) mm regions. Then, emphasize the blue density cluster in the 0.05 (middle) region.

5.2. Migration-index analysis showed that cluster of differentiation 11b blockade resulted in negative migration-index values in the 1.25- and 2.5-millimeter regions, whereas the 0.05-millimeter region retained positive migration-index values [1]. Further, the blockade significantly increased the percentage of upstream-migrating cells in the 1.25- and 2.5-millimeter channels, without any significant difference between the treatment groups in the 0.05-millimeter channel [2]. 
5.2.1. LAB MEDIA: Figure 3A. Video Editor: Highlight the red bars extending to the left of zero for the 1.25-mm bar (bottom) and the 2.5-mm bar (top). Then, emphasize the red bar extending to the right of zero for the 0.05 mm (middle).
5.2.2. LAB MEDIA: Figure 3B. Video Editor: Emphasize the increased red bars for the 1.25 mm (first) and 2.5 mm (third). Then, highlight the comparable blue and red bars for the 0.05 mm (middle) channel.
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