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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
2.1.1, 2.2.1, 3.3.1, 3.3.2, 3.4.3
4. 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. 
In steps 3.3.1 and 4.1.1 where media is being aspirated OR cells are being treating with LPS and IFNγ, care should be taken to not puncture the membrane.
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Kelly Pittman: This transwell co-culture method is used to study paracrine signaling used by tumor cells to suppress the immune response.  This method can be used to discover novel secreted ligands as well as the mechanistic underpinnings of their immune suppressive effects [1].

1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.  

1.2. Kelly Pittman: We have previously used this method to show how tumor-secreted factors can dampen macrophage pro-inflammatory gene transcription.  We believe this tool has wide-ranging implications in the study of tumor-derived immune suppression [1].

1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.3. Kelly Pittman: One of the main advantages of this technique is that it can be used to study paracrine signaling between tumor cells and immune cells without the potentially confounding variable of cell-cell contact.  This platform is also amenable to a variety of molecular biological techniques for downstream analysis [1].

1.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

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

1.4. All procedures related to the harvest and use of murine peritoneal macrophages were conducted at the University of North Carolina at Chapel Hill (UNC) and were approved by the UNC Institutional Animal Care and Use Committee (IACUC).

Section - Protocol
2. Macrophage Culture
2.1. After harvesting peritoneal macrophages, plate them directly into the upper chambers of a 0.4 micrometer polyester membrane insert co-culture 6 well plate [1-TXT]. [2].
2.1.1. Talent approaches the work area and directly plates harvested macrophages directly into the upper chambers of a co-culture 6 well plate. TEXT: Ubil, E. et al. Journal of Clinical Investigation. (2018).; Ray, A., Dittel, B. N. JoVE (2010). Videographer: This is one of the most important shots for viewers to see.
2.1.2. Talent aspirates medium and washes once with PBS. 
2.2. Then, add supplemented DMEM to the well such that the top chamber contains 1 milliliter and the bottom chamber contains 1.5 milliliters [1-TXT]. Incubate for 3 days at 37 degrees Celsius with 5 percent carbon dioxide [2].
2.2.1. Talent adds supplemented DMEM/F12 to the wells of the plate as described. TEXT: See text for medium composition. Videographer: This is one of the most important shots for viewers to see.
2.2.2. Talent places the plate into an incubator.

3. Coculture of tumor cells with macrophages
3.1. First, culture commercially available tumor cells in their respective medium following ATCC-recommended tissue culture methods [1]. Next, wash the adherent tumor cells once with PBS [2]. Add 0.05 percent trypsin in EDTA [3] and incubate at 37 degrees Celsius until the cells detach [4].
3.1.1. Talent prepares a culture of tumor cells. Any action in this preparation process can be filmed for this shot. Videographer: Please make sure that the label (B16F10) on the 10 cm plate of tumor cells is clearly visible in this shot.
3.1.2. Talent washes the cells with PBS.
3.1.3. Talent adds trypsin in EDTA to the cells.
3.1.4. Talent plates the vessel of cells into an incubator.
3.2. Then, resuspend the cells in media containing FBS [1]. Use a hemocytometer or cell counter to quantitate the total number of cells [2], and centrifuge at 220 x g for 5 minutes to pellet [3].
3.2.1. Talent resuspends the cells in media containing FBS.
3.2.2. Talent loads cells into a slide for BioRad automated cell counter.
3.2.3. Talent places the vessel of cells into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
3.3. During centrifugation, aspirate the medium from the upper and lower chambers of the macrophage-containing permeable membrane support plates [1] and replace with fresh medium. For the lower chambers where tumor cells will be plated, fill with 1 milliliter of medium instead of 1.5 milliliters to leave sufficient volume for cell addition [2].
3.3.1. Talent aspirates the medium from the chambers of the macrophage-containing permeable membrane support plates. Videographer: This is one of the most important shots for viewers to see, and one of the most difficult in the procedure.
3.3.2. Talent adds fresh medium to the chambers of the plate as described. Videographer: This is one of the most important shots for viewers to see.
3.4. When the centrifugation is complete, aspirate the medium from the pelleted tumor cells [1] and resuspend the cells in supplemented DMEM at a concentration of 300 thousand cells per milliliter [2-TXT]. Add 0.5 milliliters of this cell suspension to the lower chamber of the desired wells [3].
3.4.1. Talent aspirates the medium from the pelleted tumor cells.
3.4.2. Talent resuspends the cells in supplemented DMEM. TEXT: See text for medium composition.
3.4.3. Talent adds some of this cell suspension to the lower chamber of a well in the plate. Videographer: This is one of the most important shots for viewers to see.

4. Treatment of co-cultured cells
4.1. To induce macrophage pro-inflammatory gene expression, treat singly or co-cultured macrophages by adding IFNγ (“interferon-gamma”) at a concentration of 100 nanograms per milliliter and LPS (“L-P-S”) at a concentration of 50 nanograms per milliliter [1]. 
4.1.1. Talent adds IFNγ and LPS to the macrophages. Videographer: This is one of the most difficult steps in the procedure.
4.2. Vary the duration of treatment times in culture as needed [1]. Macrophage activation occurs within 2 hours and some tumor-mediated suppression occurs by 8 hours [2]. Co-culture for 24 hours yields robust and consistent tumor-derived suppression [3].
4.2.1. Talent finishes adding the treatment to the cells.
4.2.2. Talent sets the plate in the incubator.
4.2.3. Talent sets a timer.
4.3. As a negative control, culture macrophages singly and leave untreated [1]. As a positive control, treat singly cultured macrophages with IFNγ and LPS at the same concentrations used for the samples [2].
4.3.1. [bookmark: _GoBack]Talent prepares the negative control by adding LPS and gamma to a few wells on the plate. Any action in this preparation process can be filmed for this shot.
4.3.2. Talent treats singly cultured macrophages with IFNγ and LPS to prepare the positive control.
5. Downstream analysis of co-cultured cells
5.1. After desired incubation time has elapsed [1], isolate the cell lysate or conditioned culture medium as desired, depending on testing needs [2]. 
5.1.1. Talent removes the plate of cells from the incubator
5.1.2. Talent removes some of the conditioned media and sets it aside in a tube. 
5.2. To isolate the cell lysate for quantitative polymerase chain reaction analysis, aspirate the media from both chambers of the well [1] and wash once with 2 milliliters of PBS [2]. Apply RNA lysis buffer to the top chamber containing the macrophages [3].
5.2.1. Talent aspirates the media from both chambers of the well.
5.2.2. Talent washes the wells with PBS.
5.2.3. Talent applies RNA lysis buffer to the top chamber.
5.3. After this, gently scrape the membrane to release the cell lysate [1], and transfer it to a collection tube for further processing according to the RNA isolation kit manufacturer’s protocol [2].
5.3.1. Talent gently scrapes the membrane.
5.3.2. Talent transfers the cell lysate to a collection tube.








Section – Results
6. Results: The Effects of Tumor-Secreted Paracrine Ligands on Macrophage Activation
6.1. The co-culture method described here involves the culture of macrophages and tumor cells without physical contact [1]. Peritoneal macrophages cultured in the absence of tumor cells are used as negative and positive controls [2].
6.1.1. LAB MEDIA: Figure 2. Video Editor: Show only Figure 2A.
6.1.2. LAB MEDIA: Figure 2. Video Editor: Still show only Figure 2A. When “negative and positive” controls are mentioned, emphasize the two column groupings that are labeled “Untreated”.
6.2. Peritoneal macrophages co-cultured in the presence of B16F10 tumor cells, but without activating stimuli, do not increase expression of pro-inflammatory–associated genes [1]. 
6.2.1. LAB MEDIA: Figure 2. Video Editor: Still show only Figure 2A. Emphasize the column grouping labeled “Untreated” that is over the text “B16F10 membrane” (the rightmost “Untreated” grouping”).
6.3. This implies that tumor-secreted ligands are either not sufficient to induce pro-inflammatory gene expression by themselves, or – if there is immune activation by tumor secretions – paracrine ligands are sufficient to suppress it to naive levels [1]. This co-culture method illustrates that when macrophages polarized by IFNγ and LPS are cultured in the presence of tumor cells, suppression of inflammation-associated gene expression was reduced by as much as 60 percent [2].
6.3.1. LAB MEDIA: Figure 2. Video Editor: Still show only Figure 2A.
6.3.2. LAB MEDIA: Figure 2. Video Editor: Still show only Figure 2A. Emphasize the rightmost column grouping labeled “IFNγ + LPS”.
6.4. A comparable level of macrophage pro-inflammatory gene suppression is observed when the murine macrophage cell line J774 is substituted for peritoneal macrophages [1].
6.4.1. LAB MEDIA: Figure 2. Video Editor: Show only Figure 2B.
6.5. Previous work has identified Pros1 as a tumor-secreted factor that can inhibit macrophage activation, so the permeable membrane support co-culture model is used in conjunction with ELISA to assay the concentration of Pros1 (“protein S”) in conditioned medium after 24 hours [1-TXT].
6.5.1. LAB MEDIA: Figure 3. TEXT: Ubil, E. et al. Journal of Clinical Investigation. (2018).
6.6. In conditioned medium from IFNγ and LPS treated B16F10 melanoma cells, Pros1 is expressed at a concentration of approximately 475 nanograms per milliliter [1]. Peritoneal macrophages treated in the same conditions expressed Pros1 at approximately 61 nanograms per milliliter [2]. 
6.6.1. LAB MEDIA: Figure 3. Video Editor: Emphasize the data column labeled “B16F10”.
6.6.2. LAB MEDIA: Figure 3. Video Editor: Emphasize the data column labeled “Macrophages”.
6.7. Interestingly, when co-cultured, the concentration of Pros1 in the IFNγ and LPS treated well was approximately 86 nanograms per milliliter [1]. This suggests that either macrophages ingest tumor-secreted Pros1, or that the amount of Pros1 secreted by B16F10 cells is substantially decreased when in the presence of macrophages [2].
6.7.1. LAB MEDIA: Figure 3. Video Editor: Emphasize the data column labeled “B16F10 + Macrophages”.
6.7.2. LAB MEDIA: Figure 3.
6.8. These results highlight profound changes of macrophage activation and paracrine signaling when macrophages are co-cultured with tumor cells.
6.8.1. LAB MEDIA: Figure 3.




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Kelly Pittman: The transwell co-culture method can answer a variety of questions pertaining to paracrine signaling. Western blot analysis could be conducted to determine how tumor-secreted proteins alter various signaling pathways in macrophages [1].
7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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