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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? No

3. 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.

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 11/15/26


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length

Number of Steps:  28
Number of Shots:  54

Interviews 
Authors: Statements have been 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:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Kanglun Yu: We study how osteocytes, bone’s mechanical sensors, respond when loading resumes after a period of disuse.
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. Kanglun Yu: Existing methods trypsinize and replate cells before reloading, disrupting the three-dimensional culture. Our protocol preserves it through disuse and reloading.
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. 
1.1. 
1.2. 
1.3. Kanglun Yu: This protocol lets researchers measure calcium transients in individual osteocytes in real time during the first minutes of mechanical reloading after disuse.
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. Kanglun Yu: After imaging, the same scaffolds can be fixed for immunostaining or collected for gene expression and protein analysis.
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. Kanglun Yu: Future studies could use primary or human osteocytes to examine reloading responses and test therapies that protect bone during unloading. 
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera




Protocol  
2. Cell Seeding and Osteocytic Differentiation on Polystyrene Scaffolds
Demonstrator: Dylan Taylor

2.1. To begin, obtain a 70% confluent culture of Ocy454 (O-C-Y-Four-Five-four) cells [1].  Detach the cells from the culture dish using 0.05 percent trypsin-EDTA and incubate at 33 degrees Celsius for 10 minutes, until the cells round up and detach [2]. Neutralize the trypsin with the growth medium, centrifuge the cells at 200 g for 5 minutes [3], and resuspend the cells in the growth medium [4]. 
2.1.1. WIDE: Talent takes out the cultured cells from the incubator.
2.1.2. Talent adding 0.05 percent trypsin-ethylenediaminetetraacetic acid to the cells and returning the dish to the incubator for 10 minutes.
2.1.3. Talent neutralizing the trypsin with the growth medium and placing the tube in the centrifuge.
2.1.4. Talent resuspending the cells in the growth medium.

2.2. Count the cells using a hemocytometer [1]. Then, dilute the cell suspension in the growth medium to deliver 1 × 10⁶ cells per scaffold in a 200-microliter volume [2].
2.2.1. Talent counting the cells using a hemocytometer; the microscope's built-in display showing the hemocytometer grid with cells in the counting squares.
2.2.2. Talent adding growth medium to the cell suspension to dilute it to the calculated density, then pipetting 200 microliters for each scaffold.

2.3. Next, take the prepared collagen-coated polystyrene scaffolds [1-TXT] and pipette the cell suspension dropwise onto the center of each scaffold [2]. Place the plate in an incubator at 33 degrees Celsius and 5 percent carbon dioxide for 90 minutes to allow the cells to attach [3].
2.3.1. Talent places the prepared collagen-coated scaffolds on the working area. TXT: See text protocol for 3D scaffold preparation
2.3.2. Talent pipetting the cell suspension dropwise onto the center of each collagen-coated scaffold.
2.3.3. Talent placing the plate in the incubator.

2.4. After 90 minutes, carefully add 7 milliliters of pre-warmed growth medium to the edge of each well to prevent dislodging the cells from the scaffold [1].
2.4.1. Talent removing the 6-well plate from the incubator and gently adding 7 milliliters of the pre-warmed growth medium along the wall of each well.

2.5. Continue culturing the cell-seeded scaffolds at 33 degrees Celsius for 3 days to promote proliferation, then transfer them to a humidified incubator at 37 degrees Celsius and 5 percent carbon dioxide for an additional 10 to 12 days to induce osteocytic differentiation [1].	Comment by Ruchira  Mukherji: Dear Author, the on-screen text should not repeat information already stated in the narration (shown in purple). Hence it has been removed.
2.5.1. Talent placing the cell-seeded scaffolds in the incubator. 

3. Scaffolds Exposure to Simulated Microgravity (Disuse)
3. 
3.1. Using a sterile 3-millimeter biopsy punch, cut out about 10 discs from each 22-millimeter scaffold [1].
3.1.1. Talent cutting disc-shaped constructs from a differentiated scaffold using a sterile 3-millimeter-diameter biopsy punch.

3.2. Transfer the discs designated as static controls into a 10-centimeter tissue culture dish containing 12 milliliters of the pre-warmed growth medium [1] and place the dish at 37 degrees Celsius and 5 percent carbon dioxide [2].
3.2.1. Talent transferring the 3-millimeter discs designated as static controls into a 10-centimeter tissue culture dish containing 12 milliliters of the pre-warmed growth medium.
3.2.2. WIDE: Talent placing the tissue culture dish at 37 degrees Celsius and 5 percent carbon dioxide.

3.3. Then, transfer the discs designated for simulated microgravity into the chamber of a rotating wall vessel bioreactor, pre-filled with the growth medium [1].
3.3.1. Talent transferring the 3-millimeter discs designated for simulated microgravity into the pre-filled chamber of the rotating wall vessel bioreactor.

3.4. Completely fill the chamber with the growth medium [1] and seal the large port with the solid stopper [2]. Insert one-way stop cocks, into the 2 remaining smaller ports [3].
3.4.1. Talent completely filling the chamber with the growth medium.
3.4.2. Talent sealing the large port with the solid stopper.
3.4.3. Talent inserting the one-way luer-lock, swivel-male stopcocks into the 2 remaining smaller ports.

3.5. Connect a 5-milliliter syringe to each of the 2 one-way stopcocks [1]. Tilt the bioreactor laterally back and forth [2] while alternately drawing on and releasing the syringe plunger to dislodge and aspirate the trapped air bubbles [3]. After removing all visible air from the chamber, close the stopcocks [4].
3.5.1. Talent connecting a 5-milliliter syringe to each of the 2 one-way stopcocks.
3.5.2. Talent tilting the bioreactor laterally back and forth.
3.5.3. Talent alternately drawing on and releasing the syringe plunger to dislodge and aspirate the trapped air bubbles.
3.5.4. Talent closing the stopcocks after removing all visible air from the chamber.

3.6. Mount the bioreactor onto the rotation base [1]. Set the rotation speed to 18.6 rpm for the first 24 hours, then increase it to 20.9 rpm for an additional 48 hours, for a total of 72 hours of simulated microgravity exposure [2].
3.6.1. Talent mounting the bioreactor onto the rotation base.
3.6.2. Talent setting the rotation speed and time on the control panel; close-up of the speed display. 	Comment by Ruchira  Mukherji: Dear Author, the on-screen text should not repeat information already stated in the narration (shown in purple). For example, “TXT: 18.6 rpm × 24 h → 20.9 rpm × 48 h (72 h total)” duplicates the narration and does not follow the journal’s scripting guidelines.
Hence it has been removed.

3.7. At the end of the 72-hour disuse period, halt the rotation [1], transfer the bioreactor chamber from the incubator into the cell culture hood, and orient the bioreactor vertically to allow the scaffold discs to settle to the bottom of the chamber [2]. Using a sterile glass Pasteur pipette attached to a vacuum aspirator, remove approximately two-thirds of the medium from the upper portion of the chamber [3].
3.7.1. Talent halting the rotation of the bioreactor.
3.7.2. Talent transferring the bioreactor chamber from the incubator to the cell culture hood and orienting the bioreactor vertically as the scaffold discs settle to the bottom of the chamber.
3.7.3. Talent removing approximately two-thirds of the medium from the upper portion of the chamber using a sterile glass Pasteur pipette attached to a vacuum aspirator.

3.8. As the medium level falls, gradually tilt the bioreactor chamber toward a horizontal position, and aspirate from the surface of the remaining medium, keeping the pipette tip near the meniscus and clear of the settled scaffold discs [1]. 
3.8.1. Talent gradually tilts the bioreactor chamber toward a horizontal position while using a sterile glass Pasteur pipette to aspirate the remaining medium, keeping the pipette tip near the meniscus. 

3.9. Open the chamber [1] and, using sterile forceps, gently retrieve each scaffold disc [2]. Transfer the discs into a 10-centimeter dish containing 10 milliliters of sterile PBS to hold them until subsequent experimental processing [3].
3.9.1. Talent opening the bioreactor chamber.
3.9.2. Talent gently retrieving each scaffold disc using sterile forceps.
3.9.3. Talent transferring the scaffold discs into a 10-centimeter dish containing 10 milliliters of sterile PBS.

4. Loading of Scaffold Cultures with the Calcium Indicator Dye
4.1. Prepare a 20-micromolar working dye solution by diluting the 2-millimolar cell-permeant fluorogenic calcium indicator stock 1 to 100 into HHBS (H-H-B-S) with P188 (P-One-Eight-Eight) [1].
4.1.1. Talent preparing the 20-micromolar working dye solution by diluting the 2-millimolar cell-permeant fluorogenic calcium indicator stock into HHBS+P188.

4.2. Transfer 3 to 5 scaffold discs into a 1.5-milliliter tube containing 200 microliters of a 20-micromolar working dye solution, diluted with complete growth medium in an equimolar ratio [1-TXT]. Wrap the tubes in aluminum foil to protect the dye from light [2].
4.2.1. Talent transferring 3 to 5 scaffold discs into an individual 1.5-milliliter tube containing 200 microliters of the diluted working dye solution. TXT:  Calcium Indicator Final Concentration: 10 µM
4.2.2. Talent wrapping the tubes in aluminum foil.

4.3. After incubating the scaffolds at 37 degrees Celsius for 60 to 90 minutes, allow an additional 30 minutes at room temperature to complete intracellular hydrolysis of the acetoxymethyl ester and stable cytosolic dye retention [1]. 
4.3.1. Shot of talent removing the scaffolds from 37 degrees Celsius incubator and placing it at room temperature for the next 30 minutes. 

4.4. During room-temperature incubation, add the cell-permeant blue-fluorescent nuclear stain to the dye solution at a final concentration of 5 micrograms per milliliter to counterstain the cell nuclei. [1].
4.4.1. Talent adding the cell-permeant blue-fluorescent nuclear stain directly to the dye solution.

4.5. Aspirate the dye-loading solution [1] and rinse the scaffolds twice with PBS supplemented with 1.8 millimolar calcium chloride to remove the unincorporated dye [2]. 
4.5.1. Talent aspirating the dye-loading solution from the scaffolds.
4.5.2. Talent rinsing the scaffolds twice with phosphate-buffered saline supplemented with 1.8 millimolar calcium chloride.

5. Application of Laminar Fluid Shear Stress with Real-Time Calcium Imaging 
5.1. Assemble a parallel-plate flow chamber on a flat stage [1]. Place a gasket onto the chamber base to define the flow channel above the scaffold [2].
5.1.1. WIDE: Talent assembling the parallel-plate flow chamber on a flat stage.
5.1.2. Talent placing the 0.254-millimeter-thick gasket with a 0.25-centimeter flow path width onto the chamber base.

5.2. Position one dye-loaded scaffold disc in the center of the flow path on the gasket [1]. Then, place a clean glass slide on the bottom of the chamber [2] and apply 2 adjustable zinc alloy glass clamps on opposing sides to compress the slide against the chamber housing and seal the flow path [3].
5.2.1. Talent positioning 1 dye-loaded scaffold disc in the center of the flow path on the gasket.
5.2.2. Talent placing a clean glass slide on the bottom of the chamber.
5.2.3. Talent applying 2 adjustable zinc alloy glass clamps on opposing sides to compress the slide against the chamber housing.

5.3. Connect the inlet port of the flow chamber to a programmable syringe pump pre-loaded with the sterile flow medium consisting of PBS supplemented with 1.8 millimolar calcium chloride [1]. Connect the outlet to a waste reservoir [2].
5.3.1. Talent connecting the inlet port of the flow chamber to the programmable syringe pump pre-loaded with the sterile flow medium.
5.3.2. Talent connecting the outlet of the flow chamber to a waste reservoir.

5.4. Mount the assembled flow chamber on the stage of an inverted confocal microscope [1] and image through the glass slide from below using a 10x (ten ex) and 0.40 numerical aperture air objective [2]. Perform all imaging at room temperature and configure the acquisition software to record time-lapse fluorescence images at 1 frame every 1.73 seconds using settings appropriate for the calcium indicator [3].
5.4.1. Talent mounting the assembled flow chamber on the stage of the inverted confocal microscope.
5.4.2. SCREEN: Dye-loaded scaffold disc being imaged through the glass slide from below using the 10×/0.40 numerical aperture air dry objective.
Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=22144878
5.4.3. SCREEN: Acquisition software being configured to record time-lapse fluorescence images at 1 frame every 1.73 seconds.

5.5. Begin the time-lapse acquisition approximately 10 seconds before the onset of flow to capture the baseline fluorescence [1].
5.5.1. SCREEN: Time-lapse acquisition being started approximately 10 seconds before the onset of flow to capture the baseline fluorescence.

5.6. Initiate fluid flow at a constant volumetric flow rate of 4.83 milliliters per minute, to deliver a bulk laminar shear stress of 30 dynes per square centimeter for 5 minutes, across the flow path using the parallel-plate flow chamber equation [1-TXT].
5.6.1. Talent initiating fluid flow through the parallel-plate flow chamber using the programmable syringe pump. TXT: See text protocol for equation details

5.7. After 5 minutes of flow, stop the syringe pump [1] and end the image acquisition [2]. Save the time-lapse data using a non-compressed format for downstream image analysis and quantification of calcium dynamics [3].
5.7.1. Talent stopping the syringe pump.
5.7.2. SCREEN: Image acquisition being ended.
5.7.3. SCREEN: Time-lapse data being saved using a non-compressed format.










Results
6. Results 

6.1. After 10–12 days of differentiation at 37 degrees Celsius, Ocy454 cells formed a robust dendritic network throughout the scaffold, confirming a mature osteocyte phenotype [1].
6.1.1. LAB MEDIA: Figure 3. Video editor: Highlight the branching green structures visible across the images.
6.2. Upon the onset of laminar fluid shear, individual osteocytes within the scaffold responded with transient increases in calcium indicator fluorescence, visible as stochastic, asynchronous flashes across the dendritic network [1].
6.2.1. LAB MEDIA: Supplementary Video S1. Video editor: Play the time-lapse at a slightly higher speed, if possible, and highlight individual green cells brightening and dimming over the 5-minute window.

6.3. Individual osteocytes were then outlined as regions of interest using the nuclear counterstain as a positional reference [1], and the fluorescence of each region was plotted against time to yield a calcium trace [2].
6.3.1. LAB MEDIA: Figure 4A. Video editor: Highlight the orange circular regions of interest drawn over the green cells.
6.3.2. LAB MEDIA: Figure 4B. Video editor: Build the trace from left to right as it is described.
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