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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____No_____  
Can you record movies/images using your own microscope camera? (Y/N)___Yes______  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.7, 3.8, 3.9, 3.10, 3.11 and 4.2.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.10 and 3.11
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) _Yes______ If yes, how far apart are the locations? __Very near, it would be in another building within the same complex of hospitals, approximately 150 meters.

1. Introduction (Experimental Goal and Author Interviews) 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this protocol is to study the direct and indirect communication between primary breast cancer cells and monocytes in a three-dimensional co-culture system. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Nancy Adriana. Espinoza Sánchez: This method can help answer key questions in the inflammatory microenvironment of breast cancer field, such as how immune cells are recruited and activated, how these cells help to sustain the tumor inflammatory microenvironment and how this microenvironment facilitates tumor cell invasion.
1.2. Gloria Karina Chimal Ramírez: The main advantage of this technique is that it provides an affordable alternative to study intra-tumor communication and illustrates the potential of in vitro 3D cell systems for interrogating specific features of tumor biology, particularly those related to tumor aggression.
.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Gloria Karina Chimal Ramírez: Demonstrating the procedure on the confocal microscope will be Vadim Pérez Koldenkova, a researcher from the National Laboratory of Advanced Microscopy. NOTE: The phrase “on the confocal microscope” was added, and the collaborator’s second last name was omitted. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named researcher looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving human subjects have been approved by the scientific, ethical, and biosecurity review boards of the Hospital Infantil de México Federico Gómez: Comité de Investigación, Comité de Ética en Investigación and Comité de Bioseguridad. 


Protocol: (read by voice talent at JoVE)


2. Establishing 3D Co-cultures with Indirect Interaction
2.1. To begin, cultivate 2 x 106 U937 and THP-1 monocytes [1-WIDE] in 10 mL of RPMI 1640 medium supplemented with 10% FBS and 1% antibiotic/antimycotic.  Also cultivate fresh PMs in supplemented DMEM/F12 medium [2-CU].  Incubate the cells at 37 °C in a humidified 5% CO2 environment [3-WIDE-TXT].
2.1.1. Talent working under hood plating cells 
2.1.2. Talent finishes plating U937 or THP-1 cells with RPMI in background then plates PMs with FBS/antibiotics/antimycotics 
2.1.3. Talent places plates into incubator (TEXT: Refer to text protocol for isolating PM and BrC cells)
2.2. Plate 4 x 105 monocytes in 1 mL/well of their corresponding medium [1-MED/CU-TXT].
2.2.1. Talent plates monocytes (TEXT: Refer to text protocol for supplementation)
2.3. Place an insert in each well and add 900 microliters of the 4 x 105 BrC cell suspension in the corresponding medium [1-CU-TXT].  
NOTE: The volume indicated in this step (1ml) was actually 900µL.
2.3.1. Talent finishes placing inserts and adds BrC cell suspension in wells – have appropriate medium in frame. (TEXT: 2% ECME, 2% FBS for commercial cell lines, 5% horse serum for primary BrC cells)
2.4. Incubate the cultures at 37 °C in a humidified 5% CO2 environment for 5 days and recover the supernatants [1-WIDE-TXT]. Retrieve the cells by trypsinization if subsequent analysis is performed.  Include controls of individual cell cultures with the respective media [2-CU].
2.4.1. Talent places plates into incubator (TEXT: Replace half of the total medium every 48 h)
2.4.2. Talent adds trypsin to cells with plate/flask of control cells in frame
3. 3D Co-cultures with Direct Interaction
3.1. To label BrC cells and monocytes with commercially available coumarin and rhodamine before cell culture, prepare a monolayer of 2 x 106 BrC cells of interest and replace the standard medium with sufficient pre-warmed working solution of the fluorescent dye [1-CU-TXT].
3.1.1. Talent finishes removing medium from monolayer of BrC cells and then adds pre-warmed medium with working solution of dye (TEXT: 1:2,000 in standard medium)
3.2. Incubate the cells at 37 °C in a humidified 5% CO2 environment for 30 min [1-WIDE]. Then aspirate the dye solution and use sufficient 1x PBS to gently rinse the cells [2-CU]. Aspirate the PBS and add the standard medium [3-CU].
3.2.1. Talent places cells in to incubator
3.2.2. Talent aspirates the dye solution and adds PBS
3.2.3. Talent finishes aspirating PBS and adds standard medium 
3.3. To trypsinize the cells, add 2 mL of 0.05% trypsin and 0.48 mM EDTA to the flask [1-CU] and incubate the cells at 37 C for 5 – 10 min [2-WIDE].  Add 200 μL of FBS to stop the trypsinization and 7 mL of the corresponding medium without supplements [3-CU].
3.3.1. Talent adds trypsin/EDTA to flask
3.3.2. Talent places cells into incubator
3.3.3. Talent adds FBS and corresponding medium to cells
3.4. Resuspend the cells by pipetting. Then transfer 10 μL of the cells to a Neubauer chamber and count them [1-CU]. 
3.4.1. Talent finishes resuspending cells then transfers 10 L to Neubauer chamber to count them
3.5. Next, pellet the cells at 430 x g and room temperature for 5 min [1-MED-TXT]. Then discard the supernatant and use 3 mL of prewarmed fluorescent dye working solution to resuspend the cells [2-CU]. Incubate the cell suspension at 37 °C in a humidified 5% CO2 environment for 30 min [3-WIDE]. 
3.5.1. Talent places cells into centrifuge and sets speed and time (TEXT: Perform this first since monocytes grow in suspension) NOTE: In this step speed and time in the centrifuge was already set, so this action was not actually shot.
3.5.2. Talent finishes discarding supernatant and adds prewarmed fluorescent dye working solution to cells and resuspends (TEXT: 1:2,000 of fluorescent dye in standard base medium w/o supplements)
3.5.3. Talent places cells into incubator
3.6. After pelleting the cells again, discard the dye working solution, and use 5 - 7 mL of 1x PBS to gently resuspend the cells [1-CU]. Then, after pelleting the cells once more and discarding the PBS, resuspend the cells in 5 – 7 mL of standard medium [2-CU]. Count 10 μL of the cell suspension [3-MED/CU].
3.6.1. Talent finishes discarding dye working solution and uses PBS to resuspend cells
3.6.2. Talent resuspends cells in standard medium
3.6.3. Talent places chamber on microscope and looks through oculars to count cells
3.7. Set up a co-culture by spreading enough ECME at the bottom of the well to form an even layer in each well of a 4-well chamber slide system. [1-CU].  Plate 20 μL of a single cell suspension containing 5 × 105 labeled BrC cells per well [2-CU]. 
3.7.1. Talent adds ECME to wells of 4-well chamber slide
3.7.2. Talent plates labeled BrC cells into wells
3.8. After 15 – 20 min at 37 °C [1-WIDE], add a suspension of 2.5 x 105 labeled monocytes in 80 μL of assay medium, supplemented with 60% ECME [2-CU].  Allow the ECME to solidify at 37 °C for 15 – 20 min [3-WIDE].	
3.8.1. Talent removes cells chamber from incubator
3.8.2. Talent adds labeled monocytes with ECME to wells
3.8.3. Talent places chamber back into incubator
3.9. Now, add 1 mL of a 1:1 mixture of the BrC cells and monocyte culture medium [1-CU].   Incubate the co-cultures at 37 °C in a humidified 5% CO2 environment for 24 h, 48 h, or 5 days to track changes at different time points [2-WIDE].	
3.9.1. Talent adds BrC cells/monocyte coculture medium to top of ECME coculture wells
3.9.2. Talent places co-cultures into incubator
3.10. To degrade the ECM proteins and recover the cells from the cultures, aspirate and discard the medium, then add 0.5 mL of 1x PBS with 0.1% trypsin and 0.25% EDTA to the culture [1-MED/CU].  Incubate the cells at 37 °C for 3 h [2-WIDE].
3.10.1. Talent finishes removing medium then adds PBS with trypsin
3.10.2. Talent places cultures into incubator 
3.11. Following the incubation, add 0.5 mL of 1x PBS with 10% FBS to neutralize the trypsin, and resuspend the cells by vigorously pipetting to obtain a single-cell suspension [1-MED/CU]. 
3.11.1. Talent adds PBS /FBS and vigorously pipettes cells
3.12. After pelleting the cells, discard the supernatant, and resuspend the cells in 5 mL of 1x PBS with 10% FBS.  Repeat this step once [1-CU-TXT].  
3.12.1. Talent finishes discarding supernatant and adds PBS/FBS to cells (TEXT: 765 x g, RT, 5 min) (TEXT: Repeat each assay 3x, including 3D cultures of each individual cell lineage as controls), Editor, use the first text note for ‘After pelleting the cells’ and the second text note at the end.
3.13. Subject the cell suspension to FACS with the appropriate instrument. Ensure that the final populations are at least 95% pure [1-LM].
3.13.1. LAB MEDIA Figure showing a FACS analysis – Authors to provide image
4. Characterization of the Effects of Supernatants from Primary BrC Cells on Acini Formation and Acini Structure 
4.1. In each well of an 8-well chamber slide system, spread a 40 μL base of ECME [1-MED/CU] and let it solidify at 37 °C for 30 min [2-WIDE].
4.1.1. Talent spreads ECME into 8-well chamber slide
4.1.2. Talent places chamber slide system into incubator
4.2. Seed 800 MCF-10A cells/well in 400 μL of supplemented DMEM/F12 culture medium according to the text protocol [1-CU].  Then add 400 μL of conditioned medium or supplemented DMEM/F12 culture medium with 20 ng/mL of human recombinant IL-1β [2-CU-TXT]. Place the chamber slide into a glass petri dish containing a 35 mm petri dish filled with 2 mL of PBS. [4.2.3]
4.2.1. Talent seeds MCF-10A cells in DMEM/F12 medium in wells
4.2.2. Talent adds conditioned medium or supplemented DMEM/F12 medium with IL-1β (TEXT:  Replace the medium/supernatant every 48 h) 
4.2.3. Added shot: Talent places the chamber slide into a glass petri dish containing a 35 mm petri dish filled with 2 mL of PBS TEXT:  Replace the medium/supernatant every 48 h
4.3. Nancy Adriana Espinoza Sánchez, Step 4.2: The MCF-10A cells should be seeded in each well very slowly, to avoid damage of the base of ECME and to prevent cells from settling down and forming a monolayer [1-INTERVIEW].
4.3.1. Talent recites the above statement looking off camera.

4.4. Using an optical microscope [1-MED], record glandular acini formation every 24 h for 14 days [2-LM].
4.4.1. Talent sitting at microscope looking at cells through oculars
4.4.2. LAB MEDIA Figure 1, MCF-10A panel (far left)
4.5. After 14 days of culture, add 100 μL of 100 nM DAPI in 1x PBS [1-CU] and incubate the samples at RT with constant stirring for 25 min [2-MED/CU].  Rinse the samples with 1x PBS at RT three times for 5 min each, with constant stirring [3-MED/CU]. 
4.5.1. Talent adds DAPI in PBS to samples
4.5.2. Talent sets samples at RT with rocking/stirring
4.5.3. Talent replaces DAPI with PBS and places samples back on rocker/stirrer
4.6. Use mounting medium specific for fluorescent staining to mount the preparations. Then seal the mounted samples with transparent polish [1-CU] and maintain the slides protected from light at 4 °C [2-WIDE].  
4.6.1. Talent finishes mounting a sample with mounting medium and seals a sample with nail polish
4.6.2. Talent places covered samples in fridge
4.7. Analyze the acini with a confocal microscope, taking images of transversal stacks at different depths of the acini [1-LM].
4.7.1. [bookmark: _GoBack]MED additional shots of Vadim Pérez at confocal microscope. LAB MEDIA Figure 4A, Editor, add in the oval first without the black and red lines and percentages.  Then for the second part of the sentence add in the top black line and the top panel in A.  Then add in the 25% line and the top panel in the red box (in A), then add in the 50, 75, and 100% lines and corresponding panels. Authors, please provide the panels in A only, with the red box around them, and the oval without the lines and percentages.  They’ll be added in the video. 
4.7.2. MED additional shots of Vadim Pérez at confocal microscope.
4.8. Visualize different cellular proteins in the acini with proper staining protocols. For example, E-cadherin was stained here to assess cell-to-cell adhesion, cell polarity, and/or lumen formation [1-LM-TXT].
4.8.1. LAB MEDIA Figure 4D (TEXT: Carry out migration and invasion assays according to the text protocol).

5. Results: Communication between Monocytes and Primary BrC Cells in an ECME-3D System
5.1. The morphology of primary BrC cells growing in 3D cultures at low and high densities was studied over 5 days. During the first 48 h, cells adhere to the ECME with an elongated spindle shape and form net-like structures at 5 days [1-LM].
5.1.1. LAB MEDIA Figure 1, Low density and high density panels.  Editor, for ‘elongated spindle shape,’ point out the long, spindly shapes in the ‘Low Density’ panel.  Then for the ‘net-like structures,’ point out groups of cells that look like a web/net in the ‘High Density’ panel.
5.2. After 5 days in 3D co-cultures, both MCF-7 and MDA-MB-231 commercial BrC cells form disorganized aggregates.  However, aggressive MDA-MB-231 cells form aggregates with elongated forms, while non-aggressive MCF-7 cells form aggregates with rounded shapes that are more densely compacted than MDA-MB-231 cells [1-LM].
5.2.1. LAB MEDIA Figure 2A, B, Editor, add in each panel when the cells are mentioned in the first sentence.  Then for the aggressive MDA-MB-231 cells, point out the elongated portion of the red blob and for the non-aggressive MCF-7 cells, point out the rounded, yellow blob.
5.3. The supernatants from indirect interaction 3D primary BrC cultures, and their 5 day co-cultures with primary monocytes were harvested. Significantly increased levels of IL-1β and IL-8 were observed in the primary BrC cell-monocyte co-cultures, both crucial inflammatory cytokines that have been previously associated with malignant progression [1-LM].
5.3.1. LAB MEDIA Figure 3, Editor, add in the 3D legend for ‘3D primary BrC cultures and add in the CC legend for ‘and their 5 day co-cultures.’  For ‘significantly increased levels,’ use arrows from the side to point out the tall red bars (samples 1, 2, 4, 8 as examples).
5.4. MCF-10A cells were cultivated with two different supernatants from two primary BrC cell lines to observe lumen formation as a measure of resistance to anoikis. Unlike MCF-10A cells grown under standard conditions, by confocal microscopy at day 14, transversal cuts of the spheroids showed that MCF-10A cells evaded anoikis as measured by counting the number of central cells in the acini [1-LM].
5.4.1. LAB MEDIA Figure 4 A-C, Editor, present this data similar to step 4.7 above, except add in the panels in B and C as well.  


6. Conclusion (said by authors on camera)
6.1. Nancy Adriana Espinoza Sánchez: Following this procedure, other methods like bioinformatical analysis can be performed in order to answer additional questions such as the signaling pathways involved in cancer aggression.
6.2. Gloria Karina Chimal Ramírez: After its development, this technique paved the way for researchers in the field of tumor microenvironments to explore the communication of breast cancer cells with mast cells, neutrophils, fibroblasts, or even different clones of tumor cells in 3D co-culture systems.
6.3. Gloria Karina Chimal Ramírez: After watching this video, you should have a good understanding of how to establish a 3D culture system to model the tumor microenvironment. 


Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

3.13.1- FACS Analysis image.ppt – Figure showing a FACS analysis.
4.7.1  - Figure 4A.ppt  -  Figure showing only the panel A from figure 4 with the specifications requested.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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