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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? Y Authors: please upload all screen capture files to your project page: Yes this will be done
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? 
2.1., 2.8., 3.1., 4.2., 4.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.3. The single most difficult aspect of this protocol is ensure that the monoplex fluorescent images are appropriate in terms of localization and intensity. 
5. Will the filming need to take place in multiple locations? Y, different rooms same floor

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

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

1.1. Anand Jeyasekharan: As lymphomas are histologically complex tumours, multiplexed-fluorescence-immunohistochemistry offers advantages over conventional chromogenic immunohistochemistry for studying markers of interest in tumor cells and lymphoma microenvironments [1].  

1.1.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.   

1.2. Anand Jeyasekharan: Multiplexed-fluorescence-immunohistochemistry and spectral imaging allows the quantitative measurement of multiple stains within a single slide, allowing assessment of antigen co-expression and spatial relationship in clinical samples [1].

1.2.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.   

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

1.3. Ng Siok Bian: This technique has the potential for standardizing scoring of antibody-based staining in histological lymphoma samples, a process that has historically been challenging due to the complexity of the tumor microenvironment [1].

1.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.   

1.4. Ng Siok Bian: It is important to optimize antibody staining and the correct sequence of the immunostains in consultation with a haematopathologist to ensure clear spectral separation of the signals of interest [1].

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.   

Introduction of Demonstrator (Said by you on camera):

1.1. Anand Jeyasekharan: Demonstrating the procedure will be Doctor Fan, Doctor Maheshwari, and Doctor Phyu, clinician-researchers from my laboratory [1][2]. 

1.1.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.   
1.1.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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

1.2. Procedures involving human subjects have been approved by the Singapore NHG Domain Specific Review Board B.



Section - Protocol
2. Monoplex Tyramide-Basd Immunofluorescence
2.1. [bookmark: _Hlk519635824]Begin by immersing the dewaxed and rehydrated slides in a standard, pH 9 antigen retrieval buffer in a microwave-safe glass jar [1-TXT] and performing heat-induced epitope retrieval in a suitable microwave at 98 degrees Celsius for 25 minutes [2].
2.1.1. WIDE: Talent placing slide(s) into jar, with stock buffer container visible in frame TEXT: See text for tissue section preparation details
2.1.2. MED: Talent placing jar into microwave
2.2. Perform three additional rounds of microwave stripping with 100% power for 1 minute [1] followed by 20% power for 10 minutes per round [2-TXT].
2.2.1. CU: Shot of jar in microwave
2.2.2. CU: Microwave being set, with jar in microwave visible in frame. 
2.3. After the third round, use forceps and heatproof gloves to transfer the slides to distilled water at room temperature for an at least 10-minute cool down [1].
2.3.1. MED: Talent immersing slides in distilled water
2.4. When the antigen retrieval solution has cooled [1], block the tissue peroxidase activity with a commercial peroxidase block for 10 minutes [2 1] followed by a 5-minute wash in Tris-buffered saline, or TBS (T-B-S), and a nonionic detergent [3 2-TXT]. 
CU: Bare fingers checking jar temperature (Author Comment: We skipped this step, and the videographer agreed with this and the change in step numbers) (Editor: Since the authors mentioned that the videographer agreed to change the step numbers, I’ve retained the new numbers from the authors and changed the VO locations for the shots above)
2.4.1. MED: Talent adding slide(s) to peroxidase block/adding block to slide(s), with stock peroxidase block container visible in frame
2.4.2. MED: Talent adding slide(s) to TBS + detergent/adding TBS + detergent to slide(s), with stock TBS + detergent container visible in frame TEXT: See text for all reagent preparation details
2.5. Block any non-specific staining with a 10-minute incubation in blocking buffer [1] followed by incubation with the primary antibody of interest at room temperature for 30 minutes [2-TXT] and three 5-minute washes with TBS-D buffer [3].
2.5.1. MED: Talent adding antibody diluent/blocking buffer to slide, with blocking buffer container visible in frame
2.5.2. CU: Antibody being added to slide TEXT: See text for Ag suggestion/dilution details
2.5.3. CU: Shot of slide with section being full immersed into TBS-D buffer, with stock TBS-D buffer container label visible in frame
2.6. Next, incubate the samples with an appropriate horseradish peroxidase-conjugated secondary antibody for 15 minutes at room temperature [1] followed by three washes in TBS-D buffer as demonstrated [2]. 
2.6.1. CU: Antibody being added to slide(s), with antibody container labels visible in frame
2.6.2. MED: Talent adding slide(s) to TBS-D, with TBS-D container visible in frame
2.7. After the last wash, apply an appropriate tyramide-based fluorescent reagent to the slides for a 5-minute incubation at room temperature [1] followed by three 5-minute TBS-D washes [2].
2.7.1. CU: Reagent being added to slide(s), with reagent container label visible in frame
2.7.2. MED: Talent adding slide(s) to TBS-D, with TBS-D container visible in frame
2.8. [bookmark: OLE_LINK10][bookmark: OLE_LINK11]Perform an additional microwave-based stripping to remove the primary and secondary antibodies [1] in fresh antigen retrieval solution as demonstrated [2].
2.8.1. MED: Talent placing jar into microwave
2.8.2. CU: Slides in jar in microwave, with counting down timer visible in frame TEXT: Repeat as necessary based on position of Ab in sequence
2.9. At the end of the retrieval, cool the slides in distilled water [1] and dry the areas on the slides without tissue with lab wipes [2].
2.9.1. MED: Talent placing slide(s) into water Use 2.3.1
2.9.2. CU: Slide being wiped
2.10. Incubate slide with DAPI (DAP-ee) for 10 minutes at room temperature [1], followed by three 5-minute TBS-D washes [2].
2.10.1. MED: Talent adding DAPI to slide, with DAPI container visible in frame
2.10.2. MED: Talent adding slide(s) to TBS-D Use 2.6.2
2.11. Then carefully dry the slides with lab wipes without contacting the tissues [1] and mount the samples with an appropriate mounting medium for imaging [2].
2.11.1. CU: Slide being wiped Use 2.9.2
2.11.2. CU: Mounting medium being applied 
3. Monoplex Slide and Tissue Microarray (TMA) Scanning 
3.1. For monoplex slide scanning, select the appropriate filters for the fluorophores used for labeling the samples [1] and examine each marker in its corresponding fluorescence channel to identify a suitable exposure time for obtaining a clean signal [2], focusing on the tissue component that should have the strongest signal for the marker [3]. 
3.1.1. WIDE: Talent selecting filter(s)
3.1.2. MED: Talent at microscope, examining one marker/fluorescence channel
3.1.3. [bookmark: _Hlk524334702]SCREEN: To be provided by Authors: Representative image of one marker in one channel
3.2. To allow cross-sample comparison of the pixel intensity, use the live camera setting to adjust the exposure time in each individual channel until there are no overexposed areas in the live camera image [1].
3.2.1. SCREEN: To be provided by Authors: Live camera setting being selected, then exposure time being adjusted
3.3. When all of the slides have been scanned, acquire simulated brightfield images to visually compare with the normal immunohistochemical pattern and to determine if the staining pattern is correct [1].
3.3.1. LAB MEDIA: Figure 2
3.4. To scan tissue microarray slides, use the tissue microarray scanning mode in the imaging system [1] and an appropriate autofocus algorithm [2].
3.4.1. MED-over the shoulder: Talent at computer, selecting TMA mode, with monitor visible in frame
3.4.2. SCREEN: To be provided by Authors: Autofocus algorithm being selected  
3.5. For whole-tissue section slides, have the slides reviewed by a qualified Pathologist to select optimal images from the most representative tumor areas [1].
3.5.1. MED: Talent and Pathologist reviewing slide(s)
4. Data Analysis 
4.1. Before beginning the analysis, select a tumor marker to identify the cells of interest for the analysis [1].
4.1.1. WIDE: Talent at computer, identifying cells of interest, with monitor visible in frame
4.2. Have a pathologist review the images and decide whether tissue segmentation is required [1]. If required, select the appropriate control regions for segmentation and check whether the image analysis software can correctly identify such regions [2]. 
4.2.1. MED: Pathologist reviewing images
4.2.2. SCREEN: To be provided by Authors: Control region(s) being selected, then software identifying region
4.3. After the cell segmentation, have the Pathologist review the segmentation map to ensure the fidelity of the intended segmentation approach [1] and review individual images to determine whether the cell segmentation is adequate or if additional tissue segmentation is required to select regions enriched for tumor cells, stroma, and/or necrosis [2].
4.3.1. MED: Talent and Pathologist reviewing cell segmentation, with monitor visible in frame as possible
4.3.2. [bookmark: _Hlk519412287]SCREEN: To be provided by Authors: Shot of at least one image of cell segmented sample
4.4. Then determine the optical intensity positive cut-off value for each marker in conjunction with the Pathologist [1] and generate histograms in an appropriate statistics software program to analyze the frequency distribution of the marker intensity per cell [2].
4.4.1. MED: Talent and Pathologist determining cut-off value, with monitor visible in frame
4.4.2. SCREEN: To be provided by Authors: Histogram(s) being generated
4.5. To generate percentage data for specific markers of interest within defined cells, insert a pivot table into the data sheet and select SUM to calculate the positivity percentage of a single marker of interest [1].
4.5.1. SCREEN: To be provided by Authors: Pivot table being inserted, then SUM being selected
4.6. The total number of marker-positive cells divided by the total cell number will be calculated. The result is the marker-positive cell percentage within one core or one study number [1-TXT].
4.6.1. SCREEN: To be provided by Authors: Shot of marker-positive cell percentage TEXT: Repeat for each marker of interest Video Editor: please emphasize marker-positive cell percentage when mentioned as possible/appropriate
4.7. To generate numeric data, obtain the mean intensity of each marker of interest in all of the cells studied within a sample to extract the median normalized count for each marker of each core or study number [1].
4.7.1. SCREEN: To be provided by Authors: Mean intensity being obtained for one marker of interest. (Editor: The authors want the following text overlays added at the mentioned time markers. I’m not sure the VO is long enough to cover all of this, or if adding this many overlays in this short of a time span is doable. It may be better to prompt the authors for additional VO that actually instructs the viewer to perform the actions mentioned in the overlays)
Add TEXT: Press “Ctrl+Shift+↓” at 00:17 of this screen captured file.
Add TEXT: Press “F4” at 00:18 of this screen captured file
Add TEXT: Press “Ctrl+Shift+↓” at 00:26 of this screen captured file
Add TEXT: Press “F4” at 00:27 of this screen captured file
Add TEXT: Press “Ctrl+Shift+Enter” at 00:29 of this screen captured file



[bookmark: _GoBack]Section – Results
5. Results: Representative Mutiplexed Fluorescent Immunohistochemical (mf-IHC) Staining, Imaging, and Analysis 
5.1. Here representative multiplex fluorescent-immunohistochemical images [1] for a diffuse large B cell lymphoma sample with C-MYC (C-mike) [2] and B cell lymphoma 2 gene rearrangement are shown [3].
5.1.1. LAB MEDIA: Figure 1
5.1.2. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize green signal in MYC image or emphasize MYC image
5.1.3. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize red and white staining in BCL6 and BLC2 images OR emphasize BLC2 and BLC6 images
5.2. Simulated bright-field immunohistochemical images demonstrate a similar tumor-marker staining pattern [1].
5.2.1. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize brown staining in BCL2, BCL6, and MYC images OR emphasize BCL2, BCL6, and MYC images
5.3. The application of multiplex fluorescent-immunohistochemical images [1] to a T-cell panel in angioimmunoblastic T-cell lymphomas reveals the cell heterogeneity of the tumor sample [2]. 
5.3.1. LAB MEDIA: Figure 5A 
5.3.2. LAB MEDIA: Figure 5: JoVE Video Editor: please show 5A and then add/emphasize (sequentially, if time) 5B images 
5.4. Here the optimization of a tonsil control sample [1] and the resulting data analysis are shown [2]. 
5.4.1. LAB MEDIA: Figure 6A 
5.4.2. LAB MEDIA: Figure 6: JoVE Video Editor: please show 6A and then add/emphasize 6B data


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Michal Marek Hoppe: (step 3.3 ) It’s important to make sure that the correct staining pattern in the tissue is acquired during the fluorescence unmixing process by comparing the monoplex with normal immunohistochemical staining [1].
6.1.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.   
6.2. The Phyu: A variety of image analysis software programs can be used after the unmixing step to quantitate marker expression and localization in tumor cells and the tumor microenvironment [1].
6.2.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.   
6.3. Michal Marek Hoppe: This technique paves the way for researchers to study the co-expression of multiple markers within specific cell types in single tissue sections of lymphoma [1].
6.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.   
6.4. Fan Shuangyi: Take care to prevent heat-induced injury during the microwaving steps and be aware of fall risks during the scanning steps that are performed in the dark [1].

6.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.    
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