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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y
Can you record movies/images using your own microscope camera? (Y/N) Y

2. Does your protocol include software usage? (Y/N) N
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
BFA injection (step 2.4)
Freezing (step 3.7-3.8)
Sectioning (step 3.9)
Pap pen (step 4.1)
Deposit staining and washing without disrupting the section (step 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. (Please do not list entire sections.)
The use of BFA is the step is not difficult per se, but it is the most critical to visualize cytokines (step 2.4). Freezing of the tissue is a little tricky (steps 3.8). Sectioning also requires some training (step 3.9)
5. Will the filming need to take place in multiple locations? (Y/N) N


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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


1.1. A Gerard: This protocol is significant because it allows us to visualize the microenvironment where cells produce a given cytokine, here IFN gamma. It is admitted that the range of action of cytokines is limited. Because tissues are so complex, it is important to characterize the cells surrounding IFN gamma-producing cells to pinpoint which cells will be taking it up [1].
1.1.1. INTERVIEW

1.2. A Gerard: The main advantage of the technique is that it does not disrupt the microenvironments present in the tissue of interest. In addition, because we do not artificially re-stimulate cells to force them produce IFNg, it gives us a better characterization of whether cells are actually actively producing IFNg in situ [1].
1.2.1. INTERVIEW

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

1.3. J. Mazet: This protocol could be potentially adapted to other organs and for the visualization of other cytokines [1].
1.3.1. INTERVIEW

1.4. J.Mazet: Most of the steps of this protocol are simple, but handling of the tissue, freezing and sectioning should be performed with care to preserve the integrity of the tissue [1].
1.4.1. INTERVIEW

1.5. J.Mazet: Cancelled During the visual demonstration, we will show how to handle the tissue to avoid disrupting its architecture [1].
1.5.1. INTERVIEW

Introduction of Demonstrator: (Said by you on camera)

1.6. A. Gerard: Cancelled/forgot Demonstrating the procedure will be Julie Mazet, a graduate student and Jagdish Mahale, a post-doc from my laboratory [1] [2].
1.6.1. Interview style: Author saying the above 
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.




Section - Protocol
All experiments involving mice were in agreement with the UK Scientific Procedures Act of 1986.
2. Listeria monocytogenes (LM) Infection and Brefeldin A (BFA) Treatment
2.1. To begin, transfer 300 microliters of genetically modified LM (pronounce as L-M) culture to a broth heart infusion at 37 degrees Celsius in a flask [1].
2.1.1. Talent transfers bacteria culture into a broth.
2.2. Place the flask on a shaker for gentle agitation to express OVA (pronounce as OVA) to an exponential phase of growth [1-TXT], until the OD600 (pronounce as O-D-six-hundred) reaches 0.08 to 0.1 [2].
2.2.1. Talent places the container on a shaker. TEXT: OVA: ovalbumin
2.2.2. CU: Talent measures OD and shows the reading. Author comment: Put a note OD600 = 0,082
2.3. After diluting the LM-OVA culture in PBS to the concentration of 0.1 X LD50 (pronounce as lethal dose fifty percent), use a 29 G insulin syringe [1-TXT] to intravenously inject 100 microliters into C57BL/6 (pronounce as C-fifty-seven-Black-6) wild type mice recipients bearing OTI-GFP (pronounce as O-T-1-G-F-P) or OTI-RFP (pronounce as O-T-1-R-F-P) cells [2]. 
2.3.1. Talent draws up solution into a syringe. TEXT: LD50: Lethal Dose, 50%
2.3.2. CU: Talent injects solution into a mouse.
2.4. To block cytokine secretion, 6 hours before mouse sacrifice, inject 250 micrograms of BFA in 200 microliters of PBS intraperitoneally with a 29 G insulin syringe [1-TXT]. 
2.4.1. Talent injects solution into a mouse. TEXT: See manuscript for all media preparation. Videographer: Take multiple shots, as this will be used later. Important step
3. Spleen Harvesting, Fixation with Paraformaldehyde (PFA), Freezing and Sectioning
3.1. After euthanizing the mice followed by cervical dislocation, cleanse the abdomen with 70% ethanol [1]. On the left flank of the mouse, where the spleen is located, cut through the skin with scissors to make an incision of 1–2 centimeters [2].
3.1.1. Talent cleanses abdomen of the mouse.
3.1.2. Talent cuts the skin.
3.2. Then, carefully make an incision in the peritoneum to expose the spleen and take it out with tweezers [1]. Be careful not to squeeze it with forceps or cut it to avoid disrupting the spleen architecture [2].
3.2.1. Talent makes another cut and takes out spleen.
3.2.2. CU: Talent shows the spleen.
3.3. Now, prepare the fixative solution by mixing 3.75 milliliters of PBS and 3.75 milliliters of 0.2 molar L-lysine (pronounce as L-lysine). Add 21 milligrams of sodium m-periodate and mix well [1-TXT]. Then add 2.5 milliliters of 4% PFA and 20 microliters of 12 normal sodium hydroxide [2-TXT].
3.3.1. Talent mixes two solutions, and adds compound into the solution and mixes. TEXT: NOTE: Use the fixative solution on the same day and discard the excess. 
3.3.2. CU: Talent adds two solutions into the mixture. TEXT: CAUTION: PFA is toxic!
3.4. Cut the spleen into 3 parts [0]. Submerge the spleen in the fixative in a 6-well plate and fix for a minimum of 4 hours [1]. A typical fixation period is 16–20 hours at 4 degrees Celsius under gentle agitation [2]. 
3.4.0 [Added shot]: Cut the spleen in 3 parts 
3.4.1. Talent places the spleen into solution.
3.4.1b [Added shot]: wrap the plate in foil 
3.4.2. Talent places the plate on a shaker.
3.5. After that, discard the fixative solution and add 5 milliliters of PBS for 5 minutes at room temperature under gentle agitation [1]. Then, replace the PBS with 5 milliliters of 30% sucrose, and incubate for 12–24 hours to maintain the tissue morphology [2]. Now the organ sinks at the bottom of the plate [3].
3.5.1. Talent discards solution and adds PBS.
3.5.2. Talent replaces solution with sucrose solution.
3.5.3. CU: Shot of the spleen sunk at the bottom.
3.6. To freeze the sample, put dry ice in a large receptacle and place a smaller receptacle inside containing around 50 milliliters of pure methanol and a few pieces of dry ice [1]. 
3.6.1. Talent prepares the dry ice and methanol bath.
3.7. Gently dry the spleen on a lint-free wipe [1]. Drip a drop of OCT compound at the bottom of a base mold, and place the spleen inside the mold [2-TXT]. Be careful not to produce any bubbles. Add approximately 1 milliliter of OCT over the spleen [3]. 
3.7.1. Talent dries the spleen.
3.7.2. CU: Talent drops a solution at the bottom of a base mold and places the spleen. TEXT: OCT: optimum cutting temperature Videographer: Important step
3.7.3. CU: Talent adds more OCT solution onto the spleen.
3.8. With forceps, deposit the base mold on the surface of the methanol in the dry ice bath, making sure the methanol does not touch the OCT [1]. Freeze for less than 30 seconds [2]. 
3.8.1. CU: Talent places the mold on methanol in dry ice bath. Videographer: Important step
3.8.2. Shot of the spleen, and then talent takes out the mold.
3.9. On a cryomicrotome set to the temperature to -21 degrees Celsius [1], section the tissue to a desired thickness around 10 micrometers [2]. Use a brush to collect sections onto glass microscope slides and inspect visually [3].
3.9.1. Talent transfers the spleen to a cryomicrotome.
3.9.2. CU: Talent cuts the spleen. Close up of the spleen. Videographer: Important step
3.9.3. CU: Talent collects the sections onto slides.
4. Immunofluorescent Staining and Imaging
4.1. Allow the sections to come to room temperature [1]. Draw a circle with a liquid blocker, for example a PAP pen, around the tissue section, outside the OCT [2].
4.1.1. CU: Shot of the sections at room temperature.
4.1.2. ECU: Talent draws a circle around the tissue. Videographer: Important step
4.2. Once the tissue has dried, rehydrate the sample by dripping 100 microliters of PBS on the tissue section for 5 minutes [1]. Then, remove the PBS from the section by aspiration, and add 100 microliters of blocking solution per sample section [2]. Incubate in a covered wet chamber for a minimum of 1 hour at room temperature [3].
4.2.1. CU: Talent drips PBS onto the tissue.
4.2.2. CU: Talent removes PBS and adds another solution onto the tissue.
4.2.3. Talent places the mold into a chamber. Author comment: Combined with shot 4.2.2
4.3. To stain with primary antibodies, replace the blocking solution with the prepared primary antibody mix for each sample [1-TXT]. Incubate for 4 hours at room temperature or overnight at 4 degrees Celsius in a covered wet chamber before washing according to the manuscript [2].
4.3.0 preparing antibody mix solution Author comment: added shot corresponding to the 4.4.1
4.3.1. CU: Talent removes blocking solution and adds antibody mix. TEXT: primary antibody Videographer: Important step
4.3.2. 
4.4. Now, dilute the secondary antibodies of interest to the optimal concentration of 2.5 micrograms per milliliter in the blocking solution [1]. Remove the final wash solution from the section, and add the prepared secondary antibody mix on top of the section [2-TXT] and incubate for 1–4 hours at room temperature in a covered wet chamber [3]. 
4.4.1. 
4.4.2. CU: Talent removes the solution and adds another solution. TEXT: secondary antibody
4.4.3. 
4.5. After washing with wash buffer according to the manuscript, remove the final wash solution. Allow the PBS to evaporate but do not over-dry the section [1]. Draw a circle around the section on the back of the slide [2].
4.5.1. CU: Talent removes wash buffer from the sample, and then shot of the sample.
4.5.2. CU: Talent draws a circle on the back of the slide.
4.6. Then, place a drop of the mounting medium on top of the sample, making sure the medium covers the whole section, and carefully place a cover glass on top [1]. Let the sample polymerase overnight at room temperature in the dark [2].
4.6.1. CU: Talent adds a drop of medium onto the sample, and adds a cover glass on top.
4.6.2. Talent places the slide in the dark.
4.7. In the morning, place the slide under an inverted spectral laser scanning microscope [1]. Adjust the objectives to 10x/NA (pronounce as 10-X) 0.40 or 60x/NA (pronounce as 60-X) 1.4 [2] for analysis of cytokine sub-cellular localization [3]. 
4.7.1. Talent places the slide under a microscope.
4.7.2. Talent adjusts objectives.
4.7.3. SCOPE: Shot of the sample.



Section – Results
5. Results: IFNγ Production
5.1. In this protocol, cells that produce IFNγ (pronounce as Interferon gamma) are visualized and located [1]. The marker F4/80 (pronounce as F-4-80) labels all macrophages and highlights the red pulp [2]. 
5.1.1. Figure 1
5.1.2. Figure 1 – Video editor: emphasize the purple part in figure 1A.
5.2. The marker B220 (pronounce as B-2-20) labels B cells and highlights B cell follicles surrounding the T cell zone [1]. The marker CD169 (pronounce as C-D-169) labels marginal zone macrophages, surrounding the white pulp [2].
5.2.1. Figure 1 – Video editor: emphasize the blue part in figure 1B.
5.2.2. Figure 1 – Video editor: emphasize the purple part in figure 1B.
5.3. 24 hours after infection, NK (pronounce as N-K) cells invaded the white pulp and produced IFNγ by NK cells, OTI (pronounce as O-T-1) cells and non-labelled cells [1].
5.3.1. Figure 3 – Video editor: emphasize the 2nd, 3rd, and 4th images in Figure 3B one by one.
5.4. Without the use of BFA to inhibit cytokine secretion [1], the detection of IFNγ by NK cells was greatly impaired [2].
5.4.1. Figure 2 – Video editor: emphasize the blue part in figure 2A.
5.4.2. Figure 2 – Video editor: emphasize the blue part in figure 2A, and emphasize the middle image.
5.5. Marginal zone macrophages [1] and all macrophages [2] were stained to show IFNγ production following LM-OVA infection [3].
5.5.1. Figure 4 – Video editor: emphasize figure 4A.
5.5.2. Figure 4 – Video editor: emphasize figure 4B.
5.5.3. Figure 4
5.6. Interestingly, clustered, antigen-specific T cells were found located throughout the white pulp of the spleen [1] but they produced IFNγ only in regions where NK cells are coexisting with them [2].
5.6.1. Figure 5
5.6.2. Figure 5 – Video editor: emphasize the cyan part.
5.7. Different sub-cellular localization of IFNγ in NK versus CD8+ T (pronounce as C-D-8-T) cells was shown [1]. While IFNγ localization in NK cells was diffused in the cytosol [2], CD8+ T cells often recruited IFNγ towards another T cell [3].
5.7.1. Figure 6
5.7.2. Figure 6 – Video editor: emphasize the 2nd images in Figure 6A&6B.
5.7.3. Figure 6 – Video editor: emphasize the 2nd images in Figure 6A&6B, and emphasize the white arrows in figure 6A.


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. J. Mazet: The injection of BFA_is crucial to detect cytokine in situ. Cells often quickly secrete and take up the cytokines, and we need to inhibit cytokine secretion to let it accumulate in cells.
6.1.1. Use 2.4.1.
6.1.2. INTERVIEW
6.2. A.Gerard: This method is a discovery tool that places back the cytokine-producing cells in their native environment. Deciphering the composition of this environment allows us to focus on the right cells or immune mediators present at this location that can impact or be impacted by IFN gamma [1].
6.2.1. INTERVIEW
6.3. A. Gerard: There is a growing understanding that the precise localization of a cell in a tissue is crucial for its function. Our protocol allows us to identify the localization of the cytokine producing cells and thereby further characterize its function [1].
6.3.1. INTERVIEW
6.4. J.Mazet: PFA is hazardous and needs to be handled under a fume hood. The dry ice/methanol bath for freezing tissues is extremely cold and can reach -70C. You need to handle it with care not to burn yourself [1].
6.4.1. INTERVIEW
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