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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 
☐ Incorrect 

 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: 06/12/2026

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

Current Protocol Length

Number of Steps:  23
Number of Shots:  39

Interviews 

Authors: Answers are slightly edited in accordance with journal guidelines. 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. Wei Yan: Our research focuses on developing a device that applies tunable pressure to cells for real-time imaging of cell signaling and behavior.
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. Wei Yan: This protocol can be applied to studying cells in tumor microenvironments, where they experience sustained compressive stress.
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. Wei Yan: This procedure allows researchers to measure dynamic responses like calcium signaling, protein localization, and cell morphology under tunable pressure.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the most important consideration or challenge when performing this protocol.
1.4. Wei Yan: The most important consideration in this protocol is ensuring an airtight seal during assembly to prevent gas leakage.
1.4.1. 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?
1.5. Wei Yan: Additional analyses that can be performed following this procedure include fluorescence imaging of living-cell signals, such as cytoskeletal changes during pressure application.
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 




Protocol  
2. Device Preparation and Cell Processing
Demonstrator: Wei Yan

2.1. To begin, gather the required materials [1]. Prepare the device components by customizing and sterilizing them [2]. Obtain the required cells and reagents [3]. 
2.1.1. WIDE: Talent arranging the base, cover, silicone gasket, gas port, and pressure regulator on the work surface.
2.1.2. TEXT ON A PLAIN BACKGROUND:
Device Components and Sterilization Conditions
Base: Aluminum
Ø 56 mm
Height: 15 mm
Central window Ø 40 mm
Sterilization: Autoclave at 121 °C for 20 mins

Cover: PMMA
Ø 56 mm
6 × M3 threaded holes
Luer-lock gas port
Sterilization: Wipe with 75% ethanol, followed by UV sterilization for 30 mins

Silicone Gasket:
Inside Ø 25 mm
Outside Ø 32 mm
Thickness: 0.8 mm
Sterilization: Autoclave at 121 °C for 20 mins

Pressure Regulator: 0–200 kPa range
2.1.3. Shot of cells and reagents on the workbench.

2.2. [bookmark: OLE_LINK12][bookmark: OLE_LINK13]Seed the MDA-MB-231 (M-D-A M-B-two-thirty-one) or HeLa (Hee-la) cells in 35 millimeter dishes at 30 to 70 percent confluency [1]. Culture the cells for 24 hours in RPMI-1640 or L15 (L-fifteen) medium supplemented with 10 percent newborn calf serum or NCS (N-C-S) in a carbon dioxide incubator at 37 degrees Celsius with 5 percent carbon dioxide [2].
2.2.1. Talent seeding cells into 35mm dishes.
2.2.2. Talent placing the culture dishes into the carbon dioxide incubator.

2.3. Using 0.25 percent trypsin, dissociate the cells for passaging [1]. Terminate the digestion with complete medium [2]. Reseed the cells once they reach 70 to 80 percent confluency [3].
2.3.1. Talent adding trypsin to the cultured cells.
2.3.2. Talent adding complete medium into 35mm dishes.
2.3.3. Talent reseeding the cells into culture dishes.

2.4. Remove the medium from the cultured cells [1]. In a biosafety cabinet, wash the cells twice with pre-warmed HBSS [2].
2.4.1. Talent aspirating the culture medium from the dish.
2.4.2. Talent adding HBSS to the cells inside the biosafety cabinet.

2.5. Stain the intracellular calcium with a 5 micromolar calcium imaging probe in serum-free medium [1]. Incubate the cells in a light-protected environment at 37 degrees Celsius for 20 minutes [2].
2.5.1. Talent adding the calcium imaging probe solution to the cells.
2.5.2. Talent placing the wrapped culture dish into an incubator.

2.6. Remove the dye from the cells [1]. Wash the cells three times with HBSS [2]. De-esterify the cells for 30 minutes in serum-free medium [3].
2.6.1. Talent aspirating the dye solution from the culture dish.
2.6.2. Talent adding HBSS into the culture dish.
2.6.3. Talent adding serum-free medium into the culture dish.


3. Assembly of the Pressure Chamber and Medium Loading

3.1. Transfer the culture dish to the central window of the pressure chamber [1]. Remove the culture medium from the dish [2].
3.1.1. Talent placing the culture dish into the central window of the pressure chamber.
3.1.2. Talent aspirating the culture medium from the culture dish.

3.2. Place the sterilized gasket in the culture dish [1]. Align the cover over the dish-gasket assembly [2].
3.2.1. Talent positioning the sterilized gasket inside the culture dish.
3.2.2. Talent aligning the cover over the culture dish and gasket.

3.3. Tighten the screws diagonally by hand until resistance is felt [1]. Using a torque-controlled driver, add 1.5 additional turns to the screws [2].
3.3.1. Talent hand-tightening the screws diagonally on the chamber cover.
3.3.2. Talent tightening the screws further using a torque-controlled driver.

3.4. Connect the silicone gas tube to the Luer-lock port [1]. Inject mixed gas into the device to check for leakages [2].
3.4.1. Talent connecting the silicone gas tube to the Luer-lock port.
3.4.2. Talent injecting mixed gas into the device.

3.5. Disconnect the silicone gas tube [1] and, using a 5 milliliter sterile syringe, inject fresh medium into the culture dish through the Luer-lock port [2].
3.5.1. Talent disconnecting the silicone gas tube from the device.
3.5.2. Talent injecting fresh medium into the culture dish using a sterile syringe through the Luer-lock port.

4. Pressure Loading and Imaging

4.1. Connect the silicone gas tubing from the Luer-lock port to the digital pressure gauge and the gas tank [1].
4.1.1. Talent connecting the silicone gas tubing between the pressure chamber, digital pressure gauge, and gas tank.

4.2. Calibrate the pressure system [1]. Using the digital pressure gauge, validate the stability of the 0 to 200 kilopascal range [2].
4.2.1. Talent adjusting the pressure calibration controls.
4.2.2. Close-up shot of the digital pressure gauge displaying pressure readings.

4.3. Mount the assembled device on the microscope stage [1].
4.3.1. Talent positioning the assembled pressure chamber on the microscope stage.

4.4. Using the digital pressure regulator, set the target pressure [1].
4.4.1. Talent adjusting the target pressure on the digital pressure regulator.

4.5. Once the target pressure is reached, adjust the stage of the inverted fluorescence microscope equipped with a 20× objective and focus on the cells [1]. 

4.5.1. Talent adjusting the stage of the microscope.

4.6. Acquire fluorescence images of stained cells using a 400 millisecond exposure time, 5-second time-lapse intervals, and a total imaging duration of 10 minutes [1]. Image under non-pressurized conditions to confirm proper system operation and obtain baseline signal data [2].
4.6.1. SCREEN: Show the fluorescence imaging software displaying the acquisition settings, including 400 ms exposure time, 5 s intervals, and 10 min imaging duration. 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=21614788 
4.6.2. SCREEN: Show baseline fluorescence imaging under non-pressurized conditions.


1. 
2. 
3. 
4. 
4.1. 
4.2. 
4.3. 
4.4. 
4.5. 
4.6. 
4.7. After opening the gas valve to load pressure, readjust the stage height to maintain cell focus [1] and begin imaging dynamic calcium signals [2].
4.7.1. Talent adjusting the microscope stage height.
4.7.2. SCREEN: Display dynamic calcium imaging signals.

4.8. Select the objective lens according to the culture dish bottom thickness and the working distance of the objective [1]. Adjust the exposure time to monitor calcium signal oscillations while minimizing photobleaching and photodamage [2].
4.8.1. Talent selecting and adjusting the microscope objective lens.
4.8.2. SCREEN: Imaging settings being adjusted to optimize calcium signal acquisition

4.9. Adjust the imaging parameters according to the probe type and experimental requirements when observing other dynamic calcium signals [1].
4.9.1. SCREEN: Imaging parameters being modified for different probe settings and signal acquisition.

4.10. Once troubleshooting is done, perform statistical analysis [1].
4.10.1. Talent performing analysis on the computer.














Results
5. Results 

5.1. After 10 minutes of 40 kilopascal hydrostatic pressure loading, the total calcium level in cancer cells increased [1].
5.1.1. LAB MEDIA: Figures 3A,B. Video editor: In figure 3A, under MDA-MB-231 and HeLa, emphasize the images labelled as 40kPa. In figure 3B, emphasize the blue bars above 40kPa in both graphs MDA-MB-231 and HeLa.

5.2. Hydrostatic pressure of 40 kilopascal enhanced calcium oscillation in MDA-MB-231 [1] and HeLa cells, with a higher proportion of oscillating cells [2].
5.2.1. LAB MEDIA: Figure 3C. Video editor: In the left graph labelled MDA-MB-231, emphasize the blue bar above 40 kPa.
5.2.2. LAB MEDIA: Figure 3C. Video editor: In the right graph labelled HeLa, emphasize the blue bar above 40 kPa.

5.3. The heat map showed enhanced calcium oscillations in single cells following hydrostatic pressure loading [1].
5.3.1. LAB MEDIA: Figures 4A,4B. Video editor: In figure 4A, emphasize the images in the row 40kPa under both MDA-MB-231 and HeLa. In figure 4B, emphasize the blue lines in the graph labeled as representative 40kPa cells under both MDA-MB-231 and HeLa.

5.4. Hydrostatic pressure increased the frequency of calcium oscillations [1].
5.4.1. LAB MEDIA: Figure 4C. Video editor: Emphasize the blue bar above 40 kPa under both MDA-MB-231 and HeLa.


5.5. Hydrostatic pressure increased the amplitude of calcium oscillations [1].
5.5.1. LAB MEDIA: Figure 4D. Video editor: Emphasize the blue bar above 40 kPa under both MDA-MB-231 and HeLa.
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