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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?  No

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: 04/13/2026

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

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



Current Protocol Length

Number of Steps:  17
Number of Shots:  49 

Introduction 
Authors: Please note that the questions will not appear on screen. The answers have been revised for clarity and word count.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Grant Kelly: This protocol uses a three-dimensional co-culture method to uncover role of indirect cell-cell interactions in disease progression, particularly breast cancer.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Grant Kelly: Existing methods need specialized equipment and expertise; this protocol offers a simple, accessible approach using basic skills and available materials.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Grant Kelly: The protocol is ideal to study morphology changes due to indirect cell-cell interactions but can expand to include omics analysis.
Describe the most important consideration or challenge when performing this protocol.
1.4. Grant Kelly: The challenge in this protocol is ensuring the ECM gel does not detach or depolymerize, which can nullify the experiment.
Are there any additional methods or analyses that can be performed following this procedure?
1.5. Grant Kelly: The protocol also supports other analyses such as colocalization, bulk or single cell RNA-seq, and proteomics to name a few.



Protocol  
2. Co‑culture Overlay Setup and Maintenance
Demonstrator: Grant Kelly

2.1. To begin, obtain pre-differentiated adipocytes and breast cancer cells for co-culture overlay and maintenance [1-TXT]. Thaw the extracellular matrix or ECM (E-C-M) gel at 4 degrees Celsius overnight [2]. Remove the spent culture media from the differentiated adipocytes, leaving approximately 50 microliters in each well [3].

2.1.1. WIDE: Show the sterile experimental set up and then show the labelled plates/ flasks containing the cells. TXT: Adipocytes: 3T3-L1; Breast cancer cells: MDA-MB-231 
2.1.2. Talent placing the ECM gel at 4 °C for overnight thawing.
2.1.3. Talent aspirating spent culture media from the differentiated 3T3-L1 wells while leaving a small volume behind.

2.2. Add 110 microliters of ECM gel to each adipocyte-containing well of the chamber slide without disturbing the adipocyte monolayer [1]. Dispense 110 microliters of ECM gel dropwise into the corners and then into the middle of the control well [2]. Use the pipette tip to gently spread the gel across the culture surface without scraping [3-TXT].

2.2.1. Talent adding ECM gel to each adipocyte-containing well of the chamber slide.
2.2.2. Talent dispensing the gel dropwise into the corners and then the middle of the well of the control well.
2.2.3. Talent gently spreading the ECM gel across the culture surface with a pipette tip. TXT: Incubate for 1h at 37 °C

2.3. In the meantime, collect the breast cancer cells and use a hemocytometer to count them [1]. Prepare a diluted suspension of the cells at 30,000 cells per milliliter in the appropriate medium [2-TXT]. Add 450 microliters of the diluted cell suspension to each well after the ECM gel has polymerized [3]. 

2.3.1. Representative shot of the talent counting the MDA-MB-231 cells using a hemocytometer.
2.3.2. Talent preparing the diluted MDA-MB-231 cell suspension in mammary growth medium containing ECM gel. TXT: Use mammary growth medium + 2% ECM (v/v)
2.3.3. Talent adding the MDA-MB-231 cell suspension to each well.

2.4. To a 24 well plate with adipocyte culture, add 450 μL of mammary growth medium containing 2 percent ECM gel [1]. Harvest the media [2] and add fresh media every 48 hours [3-TXT]. 

2.4.1. Talent adding mammary growth medium containing ECM gel to the adipocyte culture on a 24-well plate.
2.4.2. Shot of the talent harvesting the media from the 24-well plate.
2.4.3. Shot of the talent adding fresh media to the 24-well plate. TXT: Maintain the co-culture for up to 5 days

2.5. For the conditioned media control well, dilute the harvested adipocyte conditioned media from the previous step at a 1:1 ratio with fresh media [1]. Replace the spent co-culture media with the diluted conditioned media on day 2 and day 4 [2].

2.5.1. Talent mixing harvested adipocyte conditioned media with fresh media at a 1:1 ratio in a tube.
2.5.2. Shot of the talent removing spent co-culture media and adding diluted conditioned media to the control well.

3. Immunofluorescence Staining

After 5 days of co-culture, replace the media with 500 microliters of PBS [1]. Remove the PBS and add freshly prepared 2 percent paraformaldehyde in PBS [2-TXT]. Remove the paraformaldehyde [3] Wash the wells thrice with 500 microliters of PBS–glycine solution for 15 minutes at room temperature with gentle agitation [4]. Store the slide at 4 degrees Celsius for up to one week if the protocol is paused [5].

3.1.1. Talent replacing the co-culture media with PBS.
3.1.2. Talent replacing PBS with paraformaldehyde in PBS. TXT: Incubate: 10 min, RT
3.1.3. Talent removing the paraformaldehyde. 
3.1.4. Shot of the talent washing the wells with PBS-glycine wash solution with gentle agitation in an orbital shaker at the lowest speed setting. 
3.1.5. TEXT ON PLAIN BACKGROUND:
Before storing the slide:
Add 1 milliliter of PBS to all wells
Seal the chamber slide cover with parafilm
Place the slide flat on a wetted delicate task tissue
Keep the setup in a light‑proof container

3.2. Bring the previously stored slides to room temperature [1]. Remove the PBS and wash the wells with 500 microliters of fresh PBS for 15 minutes with gentle agitation [2].

3.2.1. Talent bringing the stored slides to room temperature.
3.2.2. Shot of the talent washing the wells with fresh PBS and keeping it for gentle agitation.

3.3. Permeabilize the cells with 500 microliters of permeabilization buffer for 15 minutes at room temperature without agitation [1]. Wash the wells with 500 microliters of PBS for 15 minutes with gentle agitation thrice [2]. 

3.3.1. Show the talent adding permeabilization buffer to the wells and leaving it undisturbed.
3.3.2. Shot of the talent washing the wells with PBS and keeping for gentle agitation.

3.4. Add 500 microliters of blocking buffer to each well [1]. Incubate for 1 hour at room temperature with gentle agitation [2]. 

3.4.1. Talent adding blocking buffer to each well.
3.4.2. Talent placing the slide for incubation with gentle agitation.

3.5. Dilute the primary antibodies of interest in immunofluorescence buffer according to manufacturer recommendations [1]. Remove the blocking buffer and add 300 microliters of the diluted antibody solution to each well [2]. Seal the chamber slide cover with parafilm and place the slide in a light-proof container [3]. Incubate the slide overnight at 4 degrees Celsius with gentle agitation [4].

3.5.1. Talent diluting the primary antibodies in immunofluorescence buffer.
3.5.2. Talent removing the blocking buffer and adding the diluted primary antibody solution to each well.
3.5.3. Talent sealing the chamber slide cover with parafilm and placing the slide in a light-proof container.
3.5.4. Talent placing the slide at 4 degrees Celsius with gentle agitation for overnight incubation.

3.6. Wash the wells three times with 500 microliters of immunofluorescence buffer for 15 minutes with gentle agitation [1]. Dilute the fluorescently labeled secondary antibody in immunofluorescence buffer according to manufacturer recommendations [2]. Add 300 microliters of the secondary antibody dilution to each well [3-TXT]. Wash the wells three times with 500 microliters of immunofluorescence buffer for 15 minutes with gentle agitation [4].

3.6.1. Shot of the talent washing the wells with immunofluorescence buffer and gentle agitation.
3.6.2. Talent diluting the fluorescently labeled secondary antibody in immunofluorescence buffer.
3.6.3. Talent adding the secondary antibody dilution to each well. TXT: Incubate: 1 h, RT; gentle agitation
3.6.4. Shot of the talent washing the wells with immunofluorescence buffer and gentle agitation.

3.7. Dilute a 300 micromolar DAPI stock solution 1 to 800 in PBS [1-TXT]. Add 300 microliters to each well and incubate for 20 minutes at room temperature with gentle agitation [2]. Wash the cells twice with 500 microliters of PBS for 5 minutes with gentle agitation [3]. 

3.7.1. Talent diluting the DAPI stock solution in PBS. TXT: DAPI: 4 prime, 6-diamidino-2-phenylindole 
3.7.2. Talent adding the diluted DAPI solution to each well.
3.7.3. Shot of the talent washing the cells with PBS and gentle agitation.

4. Slide Preparation, Mounting and Imaging

4.1. Remove as much residual PBS as possible without disturbing the cultures and replace the lid [1]. Separate the chamber from the glass slide using the manufacturer‑provided tool [2]. Using a delicate task tissue, wipe the edges of the slide to remove residual PBS without disturbing the ECM gel [3].

4.1.1. Talent removing residual PBS from the slide and replacing the lid.
4.1.2. Talent separating the chamber from the glass slide with the provided tool.
4.1.3. Talent wiping the edges of the slide with a delicate task tissue.

4.2. Slowly pipette silicone sealant around the edges of the slide with a syringe and 18-gauge needle [1]. Allow the silicone to set for 3 minutes [2]. While the silicone sets, add 1 to 2 drops of antifade mounting media to each well without introducing bubbles [3]. If bubbles form, carefully remove them with a pipette without harming the culture [4].

4.2.1. Talent applying silicone sealant around the edges of the slide with a syringe and 18-gauge needle.
4.2.2. Shot of the silicone sealant setting around the slide edges.
4.2.3.  Talent adding antifade mounting media to each well.
4.2.4. Talent removing bubbles with a pipette.

4.3. After the silicone has set, gently lower a glass coverslip at a shallow angle [1]. Use forceps or a pipette tip to expel air bubbles as the coverslip is lowered [2]. Apply gentle pressure to avoid shattering the coverslip [3].

4.3.1. Talent lowering a glass coverslip onto the slide at a shallow angle.
4.3.2. Talent expelling air bubbles with forceps or a pipette tip as the coverslip is lowered.
4.3.3. Talent applying gentle pressure to seat the coverslip.

4.4. Place the slide in a light-proof container at room temperature and let it set overnight [1]. Store the slide at 4 degrees Celsius for up to 1 week if pausing the protocol [2]. 

4.4.1. Talent placing the slide in a light-proof container for overnight setting.
4.4.2. Talent storing the slide at 4 degrees Celsius.

4.5. Image the slides with a confocal fluorescence microscope at 10 to 20 times magnification [1-TXT]. 

4.5.1. Talent imaging the slide with a confocal fluorescence microscope. TXT: Capture 5 random fields of view  Video editor: Please add ‘Slide image’ as an inset for this shot.
Authors: Please label the screen shot of the screen after one field of view has been imaged as ‘Slide image’ and share it with us along with the footage.


Results
5. Results 

5.1. The graph showed the total percentage of MDA-MB-231 cells with round or mass-like shapes [1], grape-like shapes [2], and stellate shapes [3] as mean ± standard deviation from 3 biological replicates.

5.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the light gray bar category for round or mass-like.
5.1.2. LAB MEDIA: Figure 2A. Video editor: Highlight the medium gray bar category for grape-like.
5.1.3. LAB MEDIA: Figure 2A. Video editor: Highlight the white bar category for stellate.

5.2. Cells extracted from 3D co-culture maintained high viability of approximately 80 to 90 percent across biological replicates [1].

5.2.1. LAB MEDIA: Figure 5A. Video editor: Highlight the data points clustered between 80 and 90 on the vertical axis labeled “% Cell Viability.”

5.3. Approximately 50,000 to 80,000 viable cells were recovered from an individual co-culture [1].

5.3.1. LAB MEDIA: Figure 5B. Video editor: Highlight the data points between 50 and 80 on the vertical axis labeled “Cell Count (x 103).”
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