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A. Microscopy: Does your protocol require JoVE to film through your microscope? N
B. Does your protocol include software usage? Y
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. 
C. Which steps of your protocol will viewers benefit most from having filmed? 
n/a 
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  4.8., 4.9.
E. Will the filming need to take place in multiple locations? Y, 2 buildings 2 min walking
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 multiplexed immunofluorescence analysis is to automatically count cells based on their phenotype. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Eric Tartour: This method allows multi-fluorochrome staining and automated cell counting to analyze the phenotype and function of tumor and immune cells within a tumor microenvironment.
1.2. Eric Tartour: This technology facilitates the generation of new types of composite prognostic or predictive biomarkers derived directly from a tumor microenvironment.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Clémence Granier: Generally, individuals new to this method may struggle, because the phenotyping procedure is very long and the resulting raw data require further processing.
1.4. Clémence Granier: We first had the idea for this method when we attempting to characterize the phenotype and immunological interactions of intratumoral T cells.
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)
1.5. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at APHP by the Comité de Protection des Personnes (CPP) Ile de France.
Protocol: (read by voice talent at JoVE)
2. Immunostaining
2.1. After thawing, use a paper towel to carefully dry the slides around the tissue sections [1-WIDE-TXT] and encircle the tissues with a hydrophobic barrier pen [2-MED-over the shoulder].

2.1.1. Few seconds Talent drying slide(s) (TEXT: See text for tissue section preparation details)

2.1.2.  Few seconds Talent encircling one section
2.2. When the barrier has dried, fix the samples in 100% acetone for 5 minutes [1-MED], followed by 2 minutes of air drying [2-CU]. Then wash the slides in TBS for 10 minutes [3-MED-TXT].
2.2.1. Talent placing slide(s) into acetone, with acetone container visible in frame (Video editor: Use take 3)
2.2.2. Slide(s) being placed to dry
2.2.3. Slide(s) being placed into TBS, with TBS container visible in frame (TEXT: TBS: Tris Buffer Saline)
2.3. Pretreat the slides with 3 drops of 0.1% avidin for 10 minutes in the dark [1-CU-TXT]. Then tap or flick the slides to cover the tissue with the avidin solution [2-MED].
2.3.1. Few seconds drop(s) being added to slide, with avidin container label visible in frame (TEXT: See text for all reagent preparation details) (Video editor: Use take 2)
2.3.2. Few seconds Talent tapping/flicking slide
2.4. Add 3 drops of 0.01% biotin to each sample [1-CU] and tap or flick the biotin across the samples [2-ECU], followed by a TBS wash as just demonstrated [3-MED].
2.4.1. Few seconds drop(s) being added to slide, with biotin container label visible in frame
2.4.2. Few seconds biotin being spread across slide
2.4.3. Talent placing slide(s) in TBS, with TBS container visible in frame
2.5. Then block any non-specific binding with 100 microliters of 5% normal serum in TBS for 30 minutes at room temperature [1-MED-over the shoulder-TXT].
2.5.1. Few seconds Talent adding serum to at least one slide, with serum container visible in frame (TEXT: Block w/ serum from 2° or 3° Ab host)
2.6. At the end of the incubation, tap the slides to remove the excess serum [1-CU] and incubate the slides in 100 microliters of the primary antibody cocktail of interest for 1 hour in a humidified chamber [2-MED-TXT].
2.6.1. Few seconds slide being tapped
2.6.2. Few seconds Talent adding antibod(ies) to slide, with antibody container(s) visible in frame (TEXT: See text for suggested antibody preparation details)
2.7. Wash the antibody-labeled slides in TBST for 5 minutes [1-CU-TXT].
2.7.1. Slide(s) being placed into TBST, with TBST container label visible in frame (TEXT: TBST: TBS + Tween20)
2.8. After drying, label the cells with 100 microliters of the secondary antibody cocktail of interest for 30 minutes in the humidified chamber [1-MED-over the shoulder], followed by a 10-minute wash in TBS [2-CU].
2.8.1. Few seconds Talent adding antibod(ies) to slide(s), with antibody container(s) visible in frame (Video editor: Use take 2)
2.8.2. Slide(s) being placed into TBS, with TBS container label visible in frame
2.9. Incubate the dried, secondary antibody-labeled slides with 100 microliters of the tertiary antibody cocktail of interest for 30 minutes [1-MED] followed by a final 10 minute TBS wash [2-CU].
2.9.1. Few seconds Talent adding antibod(ies) to slide(s), with antibody container(s) visible in frame
2.9.2. Slide(s) being placed into TBS, with TBS container label visible in frame
2.10.  At the end of the wash, dry the slides [1-MED] and mount the tissues with a DAPI-supplemented mounting medium [2-CU].
2.10.1.  Talent placing slide(s) to dry

2.10.2.  Few seconds mounting medium being added to slide, with medium container label visible in frame
2.11. Then cover each slide with a coverslip [1-ECU-TXT] and let the mounting medium set for at least 2 hours [2-MED].
2.11.1.  Few seconds coverslip being placed (TEXT: Caution: Avoid bubbles)
2.11.2.  Talent placing slide(s) to dry (Video editor: Use take 2)
3. Slide Scanning
3.1. To scan the slides, open the microscope software [1-WIDE] and load the image scanning protocol [2-SCREEN].
3.1.1. Talent at microscope computer, opening software, with monitor visible in frame
3.1.2. *To be provided by Authors: Few seconds scanning protocol being opened
3.2. Load the first slide onto the microscope stage [1-MED].
3.2.1. Talent loading slide onto stage 
3.3. Then, in the control bar, click “set exposure” [1-MED-over the shoulder] and adjust the exposure time for each filter until a sufficient but not saturating signal is obtained [2-SCREEN-TXT].
3.3.1. Talent at computer, clicking set exposure, with monitor visible in frame (Video editor: use take 2)
3.3.2. *To be provided by Authors: Few seconds exposure time being set/sufficient signal appearing
3.4. Click “Start” in the upper panel and open the “Lab ID” folder. Enter the ID of the first slide and click “Next” [1-SCREEN].
3.4.1. *To be provided by Authors: Start being clicked, then Lad ID folder being opened, ID being entered, then Next being clicked
3.5. To acquire sequential images of the whole slide under brightfield light at a 4x magnification, click “Monochrome Imaging” and “Find Specimen” [1-SCREEN].
3.5.1. *To be provided by Authors: Author comment: Monochrome Imaging (with 3.4.1) and Find Specimen being clicked  (with 3.6.2)
3.6. To select the area of tissue to be scanned, press the ‘control’ key [1-CU] and use the cursor to select or deselect the regions of interest to be scanned at the 4x magnification [2-SCREEN].

3.6.1. Control key being pressed

3.6.2. *To be provided by Authors: Few seconds ROI being selected (Author comment: with 3.5.1)
3.7. To obtain a fluorescent Red-Blue-Green image of each region, click “Low Power Imaging” [1-SCREEN].
3.7.1. *To be provided by Authors: Low Power Imaging being clicked

3.8. For High Power field selection, press the ‘control’ key [1-MED] and select at least five regions of interest that correspond to the areas of the tissue that will be scanned at the 20x magnification [2-SCREEN].
3.8.1. Talent pressing control key, with monitor and keyboard visible in frame
3.8.2. *To be provided by Authors: At least one ROI being selected (Video editor: Use take 2)
3.9. Then, to obtain a multispectral image acquisition of each field, click “High Power Imaging” and click “Data Storage” to store the images in the appropriate Lab ID folder [1-SCREEN-TXT].
3.9.1. *To be provided by Authors: High Power Imaging being clicked, then Data Storage being clicked/images being saved (TEXT: Repeat for each slide)
4. Image Analysis
4.1. To create a new project, under the File menu, select “New Project” [1-WIDE]. Under the “Find feature” menu, select “Cell Segmentation” and under the “Phenotyping” menu, select “phenotyping”. Then click “Create” [2-SCREEN].

4.1.1. Talent selecting New Project, with monitor visible in frame

4.1.2. *To be provided by Authors: Find feature being opened, then Cell segmentation being selected. Then Phenotyping be opened and phenotyping being selected. Then Create being clicked

4.2. To integrate the representative images into the project, under the “File” menu, click “Open Image” and select 10-30 representative images of the whole series [1-SCREEN].
4.2.1. *To be provided by Authors: Open Image being clicked, then a few images being selected (Author comment: with 4.1.2)
4.3. To remove the autofluorescence, open the unstained slide and select the library source and the appropriate fluorophores [1-SCREEN].

4.3.1. *To be provided by Authors: Unstained slide being opened, then library source and fluorophones being selected

4.4. Click “Autofluorescence” and select the area of autofluorescence on the blank slide [1-SCREEN].
4.4.1. *To be provided by Authors: Autofluorescence being clicked, then few seconds autofluorescent area(s) being selected

4.5. To generate a composite image, select “Prepare All” to integrate the fluorescence library and the autofluorescence spectra [1-SCREEN].
4.5.1. *To be provided by Authors: Prepare All being selected then change in “view editor” “composante display”
4.6. Click the “Eye” icon to open the “View Editor” panel and select the markers corresponding to the antibodies and nuclear stain of interest. Then remove the autofluorescence according to the steps outlined by the software [1-SCREEN].
4.6.1.  *To be provided by Authors: Eye being clicked, then a few seconds markers being selected, then shot of first step of autofluorescence appearing (Author comment: with 4.5.1)
4.7. To segment the cells, in the “Compartment” menu, select “Nuclei” and “Membrane”. Under the “Nuclei” menu, set DAPI as the nuclear counterstain [1-SCREEN].
4.7.1. *To be provided by Authors: Nuclei and Membrane being selected, then Nuclei being opened and DAPI being selected

4.8. Click “Segment cells” and check the segmentation of the nuclei and the cell membranes [1-SCREEN-TXT].

4.8.1. *To be provided by Authors: Segment cells being clicked, then shot of segmented nuclei and cell membranes (TEXT: See text for segmentation parameter setup details)

4.9. To phenotype the cells, under the “Phenotype” menu, click “Add”. To create the cell phenotype categories, select more than 5 representative cells each for fluorophore and fluorophore combination and click “Train Classifier”. Then click “Phenotype All” [1-SCREEN].

4.9.1. *To be provided by Authors: Add being clicked, then a few seconds cells being selected, then Train Classifier being clicked and Phenotype All being clicked , and save project.
4.10. To save the phenotype algorithm and the image project, under the “File” menu select “Save, Project”. Then name the project and save it [1-SCREEN].

4.10.1.  *To be provided by Authors: Save Project being selected, then few seconds project being named and saved

4.11. To perform a batch analysis of the series, select “Batch analysis” and select the saved project [1-SCREEN].
4.11.1.  *To be provided by Authors: Batch analysis being selected, then saved project being selected

4.12. Add the images to be analyzed and select a folder for storing the batch analysis data. Then click “Run” [1-SCREEN].

4.12.1.  *To be provided by Authors: Images being added, then folder being selected (Author comment: with 4.11.1)
4.13. At the end of the analysis, check the quality of the composite image and verify the phenotyping of all of the images within the series [1-SCREEN].
4.13.1.  *To be provided by Authors: shot of composite image and/or phenotype(s)
5. Results: Representative Intratumoral PD-1+Tim-3+CD8+ T cell Quantification and Analysis
5.1. Analysis of the tumor-infiltrating CD8+ T cells, on a clear renal cell carcinoma specimen by fluorescence multispectral imaging, reveals approximatively half of the CD8+ T cells to be single positive for PD-1 [1-LM] and about one third to be double positive for PD-1 and Tim-3 [2-LM].
5.1.1. Figure 4 for script.pdf: please add CD8, PD-1, and CD8 PD-1 labels to the top row of cells as in the original Figure 4 and indicate CD8 PD-1 image (please do not show bottom row at all)
5.1.2. Figure 4 for script.pdf: please add Tim-3, CD8 Tim-3, and CD8 PD-1 Tim-3 labels to the middle row of cells as in the original Figure 4 and indicate CD8 PD-1 Tim-3 image (please do not show bottom row at all)
5.2. After integrating these various cell signals on a tissue section [1-LM], measurement of the PD-1 fluorescence intensity on PD-1+Tim-3+ [2-LM] versus PD-1+Tim-3-CD8+ T cells [3-LM] reveals that the PD-1 MFI is higher when Tim-3 is co-expressed [4-LM], reinforcing the functional relevance of Tim-3 expression [5-LM].
5.2.1. Figure 6 for script.pdf: please add CD8, PD-1, and Tim-3 labels to top row of images as in original Figure 6
5.2.2. Figure 6 for script.pdf: please indicate red and green cell(s) in bottom image
5.2.3. Figure 6 for script.pdf: please indicate blue and red cell(s) in bottom image
5.2.4. Figure 6 B table.xlsx: please indicate CD8-PD-1+Tim3+ data cell (0.44)
5.2.5. Figure 6 B table.xlsx: no animation
5.3. In this representative experiment, 66% of the renal tumor patients were also positive for PD-1 ligand expression [1-LM] and 100% were positive for the Tim-3 ligand, pan keratin [2-LM].

5.3.1. Figure 7 for script.pdf: please indicate PD-1 image
5.3.2. Figure 7 for script.pdf: please indicate top pan keratin image
5.4. Clinical scoring of the tumor tissues from renal cell carcinoma patients also demonstrated a positive correlation [1-LM] between the number and percentage of tumor-infiltrating CD8+ T cells expressing PD-1 [2-LM] and Tim-3 and the prognostic scoring parameters [3-LM].
5.4.1. Table 1.xlsx: no animation
5.4.2. Table 1.xlsx: please indicate PD-1+ data column
5.4.3. Table 1.xlsx: please indicate PD-1+Tim-3+ data column
5.5. Of note, renal cell carcinoma patients with CD8+ T cells co-expressing PD-1 and Tim-3 above the median percentage were more likely to relapse [1-LM], while the expression of PD-1 without Tim-3 co-expression was found not to be correlated with patient relapse [2-LM].
5.5.1. Table 2.xlsx: please indicate PD-1+Tim-3+ data column
5.5.2. Table 2.xlsx: please indicate PD-1+Tim-3- data column
6. Conclusion (said by authors on camera):
6.1. Cécile Badoual: While attempting this procedure, it’s important to remember to review the phenotype of the cells with two separate investigators including a pathologist, if possible.
6.2. Alain Gey: Following this procedure, other methods, like flow cytometry, can be performed to answer additional questions about the functional impact of cell phenotype after ex vivo stimulation. (last one)
6.3. Clémence Granier: After its development, this technique paved the way for researchers in the field of cancer to explore immune responses in affected organs or mucosal compartments of interest after immunization.
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:

0123_ Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

0123_ 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.  

Figure 4 for script.pdf

Figure 6 B table.xlsx

Figure 6 for script.pdf

Figure 7 for script.pdf
Table 1.xlsx

Table 2.xlsx
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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