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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.3., 2.5., 3.1., 3.3.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.1., To ensure success for this particular step we ensure that the tumor cell suspensions are well mixed before layering, we slowly and steadily pipette the tumor cell suspension down the side of the tube to ensure that the layers do not mix, and we carefully handle the tubes after this point to prevent disturbing the gradient separation. 
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this technique is to provide a method for simultaneous profiling of both the immune and cancer cell fractions contributing to the immune microenvironment of solid tumors. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Aurelie Hanoteau: This method can help answer key questions in the immune-oncology field, such as what immune and non-immune cellular changes occur within the tumor following a given treatment.
1.2. Jared Newton: The main advantage of this technique is that it facilitates the effective enrichment of tumor immune and non-immune components, allowing a thorough profiling of the tumor immunologic state.  
C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Andrew Sikora: The implications of this technique extend toward the treatment of cancer and can be used to further our understanding and appreciation of tumor treatment-induced immune microenvironment changes. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Baylor College of Medicine. 
Protocol: (read by voice talent at JoVE)
2. Tumor Harvest and Digestion
2.1. After spraying the mouse with 70% ethanol to prevent hair contamination [1-WIDE-TXT], surgically remove the subcutaneous (Pronounce “Sub-cute-a-knee-us”) tumors, taking care that the tumors are free of any contaminating tissue [2-CU-TXT]. 
2.1.1. Talent spraying mouse (TEXT: Euthanasia: CO2 asphyxiation)
2.1.2. One tumor being removed (TEXT: i.e., hair, skin, peritoneum, etc.)

2.2. Then place each tumor in 1.8 mL of base RPMI-1640 (Pronounce “R-P-M-I sixteen fourty”) medium without fetal bovine serum in individual wells of a 24-well plate on ice [1-MED-TXT].
2.2.1. Talent placing tumor into well, with medium visible in frame (TEXT: Repeat for each mouse)
2.3. When all of the tumors have been collected, use scissors to cut the samples into less than 1 mm3 pieces [1-CU] and add 200 microliters of freshly-prepared 10x dissociation cocktail containing collagenase I (Pronounce “collagenase one”), collagenase IV (Pronounce “collagenase four”), and DNase I (Pronounce “D-N-ace one”) to each well [2-MED-over the shoulder-TXT].

2.3.1. One tumor being minced

2.3.2. Talent adding digestion mixture to at least one well, with collagenase I, collagenase IV, and DNase I containers visible in frame (TEXT: See text for all medium/reagent preparation details)
2.4. After 1 hour at 37 °C in an orbital plate shaker at 60-100 rpm [1-CU], neutralize the reaction with 1 mL of RPMI-1640 medium supplemented with 5% FBS and 2 mM EDTA (Pronounce “Two mili-Molar E-D-T-A”) [2-MED] and use a modified 1-mL (Pronounce “One Milliter”) pipette tip to transfer each tumor slurry sample into individual 50-mL conical tubes topped with individual 40-micrometer strainers [3-CU].

2.4.1. Plate shaking in shaker

2.4.2. Talent adding medium to at least one well, with medium container visible in frame 

2.4.3. Tumor slurry being added to strainer {Author Comment: Added action to this shot of cutting the tip off of a 1mL pipette tip before transferring the slurry to the strainer}
2.5. Using a 10 mL syringe plunger, mechanically disaggregate the tumor pieces through the strainers [1-CU], periodically rinsing each strainer with 2 mL of RPMI-1640 medium plus 5% FBS [2-MED], until the strainers are clear of tumor [3-CU].
2.5.1. Above shot of tumor being mashed through filter

2.5.2. Talent rinsing strainer, with medium container visible in frame

2.5.3. Shot of strainer clear of tumor

2.6. When all of the tumors have been dissociated, add medium to each tube as necessary to bring all of the samples up to the same volume [1-MED] and pellet the cells by centrifugation [2-MED-over the shoulder-TXT].

2.6.1. Talent adding medium to tube(s), with at least two tubes of equal volume and medium container visible in frame

2.6.2. Talent placing tube(s) into centrifuge (TEXT: 5 min, 805 x g, 4 °C)
2.7. Then use a 5-mL serological pipette to resuspend the pellets in 2 mL of FBS-supplemented medium per tube [1-CU].
2.7.1. Shot of pellet(s), then one pellet being resuspended in medium, with medium container label visible in frame

3. Immune and Tumor Cellular Fraction Separation and Labeling
3.1. To separate the immune and tumor cell fractions, add 3 mL of density gradient medium to the bottom of one 15-mL conical tube per sample [1-WIDE] and slowly layer 2 mL of tumor cell suspension down the side of each tube onto each gradient [2-CU-TXT].

3.1.1. Talent adding density grade to at least one tube, with density gradient container visible in frame

3.1.2. One tumor fraction being layered down side of tube onto density gradient (TEXT: Caution: Do not mix layers)
3.2. “Take care to ensure that tumor cell suspensions are mixed well before layering, that the cell suspensions are slowly pipetted down the side of the tube, and that the tubes are handled carefully to prevent mixing of the layers.” [1-MED-interview]
3.2.1. Aurelie Hanoteau, speaking the above interview style (looking just off-camera)
3.3. Separate the cells by density gradient centrifugation [1-MED-TXT] and carefully collect the top medium and tumor infiltrating leukocyte (Pronounce “Loo-Ko-Cite”) layers into one new 15-mL tube per sample [2-CU].

3.3.1. Talent placing tube(s) into centrifuge (TEXT: 20 min, 805 x g, 20 °C, no brake)

3.3.2. Shot of layers in one tube (Video Editor: please label top layer “Medium”, second layer “TIL”, third layer “Density gradient medium”, and the pellet “Tumor cells”), then top and TIL layers being collected

3.3.3. Added shot: Talent transferring the top medium and TIL layer into a new 15mL tube labeled “TILs”. 

3.4. Discard the remaining density gradient media [1-MED] and resuspend the tumor pellets in 2 mL of medium plus FBS per tube [2-CU].
3.4.1. Talent discarding density gradient from one tube
3.4.2. Shot of pellet in one tube, then pellet being resuspended in medium, with medium container label visible in frame 
3.5. Then centrifuge all of the samples [1-MED-TXT] and resuspend the tumor infiltrating leukocytes in 200 microliters [2-CU] and the tumor cells in 2 mL of medium plus FBS per tube on ice [3-CU].

3.5.1. Talent adding tube(s) to centrifuge (TEXT: 5 min, 805 x g, 4 °C)
3.5.2. 200 microliters of medium being added to TIL tube, with TIL label visible in frame and medium container label visible in frame

3.5.3. 2 mL of medium being added to tumor tube, with tumor label visible in frame and medium container label visible in frame
3.6. To plate the cells, label one 96-well, U-bottom plate for each immune staining panel plus an additional plate for cell counts [1-CU] and aliquot the single-cell suspensions into each of the staining panel plates and the count plate [2-MED-over the shoulder].
3.6.1. Shot of one labeled lymphocyte-focused panel plate and one labeled myeloid-focused panel plate, then cell count labeled plate being placed next to other two plates
3.6.2. Talent adding cells to at least one well, with other plates visible in frame
3.7. Wash the cells two times with 200 microliters of Dulbecco’s PBS per sample [1-MED-TXT] and block the cells with 50 microliters of Fc block per well for 20 minutes at 4 °C [2-CU].

3.7.1. Talent adding PBS to well(s), with PBS container visible in frame (TEXT: Discard supernatant between each wash) 
3.7.2. Fc block being mixed into at least one well, with Fc block container label visible in frame

3.8. At the end of the blocking incubation, add 50 microliters of 2x (Pronounce “Two X”) concentrated extracellular targeting antibody [1-MED] and fixable viability stain mixture to each well for a 30-minute incubation in the dark [2-CU-TXT].

3.8.1. Talent adding antibod(ies) to at least one well, with antibody and viability stain containers visible in frame

3.8.2. Plate being covered/placed in dark (TEXT: See text for antibody/stain suggestion/concentration details)
3.9. At the end of the staining incubation, wash the samples two times with FACS (Pronounce “Facks”) buffer [1-MED] and resuspend the pellets in 200 microliters of fixation and permeabilization solution overnight at 4 °C protected from light [2-CU].
3.9.1. Talent placing plate(s) into centrifuge

3.9.2. Pellet(s) being resuspended, with fixation and permeabilization solution container label visible in frame
3.10. The next day, collect the cells by centrifugation [1-MED] followed by a wash with 200 microliters of permeabilization buffer per well [2-CU].

3.10.1.  Talent placing plate into centrifuge {Author Comment: Did not shoot, re-use shot 3.9.2.}
3.10.2.  Permeabilization buffer being added to well(s), with permeabilization buffer container label visible in frame

3.11. Label the cells with 100 microliters of intracellular antibody staining panel in permeabilization buffer for a 30-minute incubation [1-MED-over the shoulder] in the dark followed by another permeabilization buffer wash [2-CU].
3.11.1.  Talent adding antibod(ies) to at least one well, with antibody container(s) visible in frame

3.11.2.  Permeabilization buffer being added to at least one well, with permeabilization buffer container visible in frame
3.12. Then wash the cells again with FACS buffer [1-MED] and resuspend the samples in 300 microliters of fresh FACS buffer for their analysis by flow cytometry [2-CU].
3.12.1.  Talent adding plate(s) to centrifuge {Author Comment: Did not shoot, re-use shot 3.9.2.}
3.12.2.  Well(s) being resuspended in FACS buffer, with buffer container visible in frame {Author Comment: Samples were resuspended and transferred to a flow tube in this shot}
4. Results: Representative Tumor Component Features
4.1. Tumor digestion as demonstrated, with or without density [1-LM] gradient medium enrichment, results in an approximately 70-90% viable whole tumor cell population as assessed by flow cytometry [2-LM].
4.1.1. 57685_Figure1A.tiff: please add/indicate “With density gradient separation” data bar

4.1.2. 57685_Figure1A.tiff: please add/indicate “Without density gradient separation” data bar

4.2. Density gradient medium enrichment promotes a greater than 2-fold increase in the CD45+ (C-D-forty-five-positive) tumor infiltrating leukocyte fraction compared to non-enriched tumor digestions [1-LM], as well as numerous immune cell subsets commonly observed in immune microenvironment studies [2-LM].
4.2.1. 57685_Figure1C.tiff: please indicate “With density gradient separation” data bar and/or add/indicate bracket and asterisks
4.2.2. 57685_Figure1D.tiff: add/indicate asterisks
4.3. The CD45- tumor cell fraction [1-LM] can also be profiled for numerous tumor features, such as overall tumor viability or apoptosis [2-LM], proliferation capacity [3-LM], and the expression of various immunosuppressive markers [4-LM]. 
4.3.1. 57685_Figure2B_CD45SSH.tiff: outline/trace/indicate vertical rectangle gate or cells w/in vertical rectangle gate
4.3.2. 57685_Figure2D.tiff: add data bar OR no animation
4.3.3. 57685_Figure2B_Ki67.tiff: outline/indicate dark grey histogram OR add/indicate horizontal line gate
4.3.4. 57685_Figure2B_PDL1and2.tiff: outline/indicate dark grey histograms OR add/indicate horizontal line gates
4.4. To determine how myeloid and lymphocyte immunologic subsets vary throughout a single solid tumor, the tumor [1-LM] can be divided into four equal parts in such a way that each section contains approximately equal intra-tumoral regions as well as equal dermal- and peritoneal-facing portions [2-LM].

4.4.1. 57685_Figure3A_solidtumor.tiff: no animation
4.4.2. 57685_Figure3A_tumorpieces.tiff: please sequentially add/indicate part 1-4 labels, starting with 1 and ending with 4, or 1-4 tumor piece images OR no animation
4.5. Each piece can then be digested separately and analyzed as demonstrated for the presence of various immune cell populations [1-LM].
4.5.1. 57685_Figure3B.tiff: no animation OR sequentially add data bar clusters by cell type
5. Conclusion (said by authors on camera):
5.1. Aurelie Hanoteau: Once mastered, this technique can be completed in 4-8 hours, depending on how many samples you have.

5.2. Jared Newton: While attempting this procedure, it’s important to remember to work quickly but efficiently to preserve cell viability.
5.3. Aurelie Hanoteau: Visual demonstration of this method is critical as the dissociation and separation steps involve techniques that are difficult to learn by written text alone.    
5.4. Jared Newton: Following this procedure, flow cytometry can be performed to answer additional questions about how cellular populations change within a tumor, both in terms of abundance and phenotype.
5.5. Aurelie Hanoteau: After watching this video, you should have a good understanding of how to separate and enrich both the immune and non-immune components of an established subcutaneous murine tumor using the demonstrated digestion and density gradient separation techniques. 

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
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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 in the email accompanying the finalized script.
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