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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most visually important? 
2.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.7., 5.4.2. Ensuring unmixing with minimal spectral overlap. This can be achieved by balancing antibody dilutions and choosing the right fluorophore.
5. Will the filming need to take place in multiple locations (greater than walking distance)? 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. I. Caroline Le Poole: This protocol enables the detection and co-localization of multiple biomarkers in a single frozen tissue section, including markers not easily visualized in FFPE sections [1].

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

1.2. I. Caroline Le Poole: Using this cryoplex method, the experimental immunostaining time is significantly reduced to just a few hours and can be performed in any laboratory [1].

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

Introduction of Demonstrator (Said by you on camera):

1.3. I. Caroline Le Poole: Demonstrating the procedure will be Dinesh Jaishankar, a skilled post doc and immunotherapy assessment core facilities manager from my laboratory [1][2].  

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera


Section - Protocol
2. Antibody and Fluorophore Selecting and Staining
2.1. When selecting antibodies for the analysis, consider the excitation and emission filter sets available on the semiautomated imaging system [1] and, after testing various combinations of fluorophore-conjugated primary antibodies, prepare fluorophores to be used that have minimal spectral overlap as suggested in the Table [2] [3].
2.1.1. WIDE: Talent checking filter sets
2.1.2. Talent adding antibody to slide, with antibody containers visible in frame
2.1.3. LAB MEDIA: Table 1
2.2. For multiplex staining, prepare a cocktail of antibodies with compatible fluorophores at predetermined optimal dilutions [1] and add the cocktail to the tissue sections of interest [2].
2.2.1. Talent adding antibod(ies) to vial, with antibody and buffer containers visible in frame Videographer: Important step
2.2.2. Talent adding cocktail to slide, with antibody cocktail container visible in frame Videographer: Important step
2.3.  For single-marker staining, add the primary-conjugated antibody only to the slide [1].
2.3.1. Antibody being added to slide, with antibody container visible in frame

2.4. For all stainings, include a control unstained slide that undergoes the same staining procedure without the addition of a primary-conjugated antibody [1].

2.4.1. Talent adding buffer to slide, with buffer container visible in frame 

2.5. After a 1-hour incubation at room temperature protected from light [1], wash the slides 2 times with PBS for 5 minutes per wash [2].

2.5.1. Talent covering slides/placing slides in the dark
2.5.2. Talent placing slide(s) into PBS, with PBS container visible in frame

2.6. After the second wash, counterstain the multiplex-stained slides with DAPI (DAP-ee) for 7 minutes at room temperature protected from light [1] followed by two, 5-minute washes in PBS [2-TXT]

2.6.1. DAPI being added to slide, with DAPI container visible in frame
2.6.2. Talent placing slide(s) into PBS, with PBS container visible in frame TEXT:  Do not counterstain single-stained and unstained slides

3. Spectral Library Preparation

3.1. To create a spectral library, set the lamp power of the multispectral imaging system to 100% [1] and open the microscope operating software [2].

3.1.1. WIDE: Talent setting lamp power
3.1.2. Talent opening software, with monitor visible in frame

3.2. Select Edit Protocol and New Protocol and enter a Protocol Name and a Study Name [1].

3.2.1. SCREEN: screenshot_1.1: 00:01-00:09

3.3. Select Fluorescence [1] and load the single-stained slides onto the stage [2].

3.3.1. SCREEN: screenshot_1.1: 00:09-00:10 (Author Comment: This should go in 3.2. The screenshot screenshot_1.1 covers the following sequence: 1.) Edit Protocol, 2.) New Protocol, 3.) Protocol Name, 4.) Fluorescence, and 5.) Study Name. Action 3.3 should just be loading single-stained slides on the stage) (Editor: This is effectively a non-change with how the video will look when assembled, so I’ve left it as written. The timecodes left by the scriptwriter will still match the same piece of VO)
3.3.2. Talent placing slide(s) onto stage

3.4. Click Edit Exposure [1] and use the Autofocus and Autoexpose options to adjust the exposure times and acquire snapshots for the single-stained [1].

3.4.1. SCREEN: screenshot_1.2: 00:01-00:07 Video Editor: Please speed up
3.4.2. SCREEN: screenshot_1.2: 00:14-00:27 Video Editor: Can speed up

3.5. After imaging the single-stained slides, save the protocol [1] and open Build Libraries to load each single-stained slide image [2].

3.5.1. Talent saving protocol, with monitor visible in frame
3.5.2. SCREEN: screenshot_2: 00:00-00:08

3.6. Select the appropriate Fluor and click Extract. The software will automatically extract the fluorescence signal selected in the Fluor [1].

3.6.1. SCREEN: screenshot_2: 00:09-00:18

3.7. To save the extracted color, click Save to Store. A "New Group" may be created or the extracted color can be stored to an existing group [1-TXT].

3.7.1. SCREEN: screenshot_2: 00:20-00:30 TEXT: Verify extracted signal and staining pattern

4. Multispectral imaging

4.1. For multispectral imaging, once the spectral library has been created and verified, adjust the focus and exposure times on the multiplex-stained slide as demonstrated [1] and open Scan Slides to create a New Task [2].

4.1.1. WIDE: Talent adjusting focus and/or exposure time, with monitor visible in frame
4.1.2. SCREEN: screenshot_3.1: 00:00-00:13

4.2. Provide a slide ID and select a protocol [1].

4.2.1. SCREEN: screenshot_3.2: 00:00-00:10

4.3. Select the saved spectral library protocol and perform a whole slide scan on the multiplex-stained slide [1].

4.3.1. SCREEN: screenshot_3.3: 00:00-00:10

4.4. In the whole slide scan image, select regions of interest across the image. These regions will be saved as multispectral images for spectral unmixing and analysis [1].

4.4.1. SCREEN: screenshot_3.4: 00:00-00:12

4.5. Then click Process Slide to acquire regions of interest at a 20x magnification [1].

4.5.1. SCREEN: screenshot_3.5: 00:00-00:07

5. Spectral Unmixing

5.1. Once the spectral library has been created, click File and Open under the Manual Analysis tab to load the multiplex-stained images [1].

5.1.1. WIDE: Talent at computer, loading images, with monitor visible in frame

5.2. Select the Spectral Library source [1] and click Select Fluors to load the unstained slide image [1].

5.2.1. SCREEN: screenshot_4: 00:09-00:11
5.2.2. SCREEN: screenshot_4: 00:12-00:16 (Author comment: The narration “to load the unstained slide image” is a separate action and should be part of 5.3. The Unstained slide image is first loaded and then using the autofluorescence ink marker icon….) (Editor: I’m unsure of how the author wants this added to 5.3. If they want the VO to stay as-is and just want the end of the sentence shifted to the next step, then that isn’t doable and doesn’t change the video as it will be seen. For now, I’ve left it as it is, and the authors may need to provide additional clarity during proofing)

5.3. Click the Autofluorescence ink marker icon and draw a line or region on the unstained slide to identify autofluorescence within the tissue [1].

5.3.1. SCREEN: screenshot_4: 00:28-00:32

5.4. Then, under the Edit Markers and Colors tab, assign names for each marker and click Prepare All [1-TXT].

5.4.1. SCREEN: screenshot_4: 00:33-00:56 Video Editor: please speed up TEXT: Verify unmixed image staining pattern

6. Multispectral Image Analysis: Cell Segmentation

6.1. After verifying the spectrally unmixed image, in the machine learning software, select the Cytoplasm, Membrane and marker options from the panel and, using the ellipsis button, select use this signal to find to configure the marker to detect either the nuclei, cytoplasm, or membrane [1] [2].

6.1.1. WIDE: Talent loading image, with monitor visible in frame
6.1.2. SCREEN: screenshot_5: 00:00-00:19 Video Editor: please speed up

6.2. When a cytoplasmic or membrane marker is chosen, select the Use the Signal to Assist in Nuclear Splitting option. The software will automatically detect and create individual masks for the nucleus, cytoplasm, and membrane [1]. 

6.2.1. SCREEN: screenshot_5: 00:22-00:32

6.3. Use the Pathology View for a specific marker and the configuration options in the software to adjust the masks and click Segment All to create a cell segmentation map [2].

6.3.1. SCREEN: screenshot_5: 00:33-00:53 Video Editor: please speed up

6.4. After cell segmentation, select the markers needed for phenotyping [1] and manually select at least five cells that are brightly stained with the chosen marker to phenotype the cells [2]. 

6.4.1. SCREEN: screenshot_5: 1:12-01:23
6.4.2. SCREEN: screenshot_5: 01:33-02:07 Video Editor: please speed up

6.5. Then click Train Classifier to train the software to automatically detect all of the cells stained with the selected markers within the image [2].

6.5.1. SCREEN: screenshot_5: 02:07-02:22 Video Editor: please speed up

6.6. A phenotype map will be created [1].

6.6.1. SCREEN: screenshot_5: 02:23
Section – Results
7. Results: Representative Multispectral Imaging and Cell Quantification
7.1. As these images demonstrate, antibodies validated for flow cytometry could be used to visualize tissue staining using the liquid crystal tunable filter in the semiautomated imaging system as demonstrated [1].
7.1.1. LAB MEDIA: Figure 1 Video Editor: please sequentially add/emphasize images or red signal in images from CD3 to Ki67
7.2. Here a spectrally unmixed image of different markers in a section of frozen mouse spleen can be observed [1] that includes labeling of the T cell zone [2], the marginal zone [3], and proliferating cells within a germinal center [4].
7.2.1. LAB MEDIA: Figure 3B
7.2.2. LAB MEDIA: Figure 3B Video Editor: please emphasize green, yellow, and pink signal
7.2.3. LAB MEDIA: Figure 3B Video Editor: please emphasize red signal
7.2.4. LAB MEDIA: Figure 3B Video Editor: please emphasize blue signal
7.3. The "Pathology Views" option allows visualization of the individual staining pattern for each marker within the tissue of interest [1], suggesting that the multiplex staining method and spectral imaging work on frozen tissue [2].
7.3.1. LAB MEDIA: Figure 3C Video Editor: please sequentially emphasize images from CD3 to Ki67
7.3.2. LAB MEDIA: Figure 3C
7.4. Multispectral imaging can also be used to visualize tumor-infiltrating T cells [1] and other myeloid cell lineages [2], including tumor associated macrophages [3].
7.4.1. LAB MEDIA: Figure 4 Video Editor: please emphasize green and pink signals in top image and CD3 and CD8 light microscopy images
7.4.2. LAB MEDIA: Figure 4 Video Editor: please emphasize yellow signal in top image and CD11b images
7.4.3. LAB MEDIA: Figure 4 Video Editor: please emphasize purple signal in top image and CD206 images
7.5. Cell segmentation [1] and phenotype maps [2] and the number of stained cells for each marker analyzed by the software can be generated [3], demonstrating that the software can be used for quantification of the multispectral staining on frozen tissues [4].
7.5.1. LAB MEDIA: Figure 5 Video Editor: please emphasize Figure 5A
7.5.2. LAB MEDIA: Figure 5 Video Editor: please emphasize Figure 5B
7.5.3. LAB MEDIA: Figure 5 Video Editor: please emphasize Figure 5C
7.5.4. LAB MEDIA: Figure 5


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. I. Caroline Le Poole: Knowing the fluorochrome features and preparing quality library slides is essential for obtaining a satisfactory unmixing with minimal spectral overlap. Antibody titration [1].
8.1.1. [bookmark: _GoBack]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera B-roll suggestion: 2.2.
8.2. I. Caroline Le Poole: In our opinion, this method could also provide bedside information to determine whether cancer immunotherapy or other therapeutic applications are effective, particularly when time is of the essence [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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