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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Yes, 20 feet away

Current Protocol Length
Number of Steps:  24
Number of Shots:  55

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 


REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Alex Veith: We are developing kits for rapid and sensitive multiplexed immunofluorescence assays. The goal is to help researchers profile different cell types appearing in FFPE tissue. 
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera

What technologies are currently used to advance research in your field?
1.2. Kevin Hwang: Immunofluorescence is commonly carried out using dye-labeled or peroxidase-labeled secondary antibodies.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:5.1
What are the current experimental challenges?
1.3. Kevin Hwang: Immunohistochemistry tends to be low plex. Dye-labeled secondary antibodies suffer from lower signal. Tyramide signal amplification assays are laborious to optimize and take several hours to multiple days to run. 
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

What advantage does your protocol offer compared to other techniques?
1.4. Alex Veith: The assay’s markers are pre-optimized, and is significantly faster than other techniques. Staining 4 markers takes less than 8 hours, and about 3 more hours for an additional 4.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:3.7
How will your findings advance research in your field?
1.5. Kevin Hwang: The ability to run multiplex immunofluorescence faster will enable spatial proteomics to be more widely applied and will reduce the barrier to understanding the spatial contexture of tissue.
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:5.3

Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
2. Reagent Preparation and Setup
Demonstrator: Alex Veith 

2.1. To begin, thaw all the kit reagents at room temperature [1]. Store the antibody conjugates, amplification enzyme, exchange initiator, and exchange neutralizer at minus 20 degrees Celsius until use [2].
2.1.1. WIDE: Talent placing various kit reagents on the bench to thaw, with the exception of four labeled tubes kept aside.
2.1.2. Talent placing the excluded reagents into a minus 20 degrees Celsius freezer.

2.2. Vortex a thawed antibody diluent [1]. Pipette the antibody diluent into a container [2-TXT].
2.2.1. Talent vortexing the container after thawing 
2.2.2. Talent measuring and pouring appropriate volume of antibody diluent into the labeled container. TXT: Volume: 350 + (150 µL x number of slides)

2.3. Now add all antibodies into the antibody staining solution 1 container [1]. Add in the provided antibody diluent at a 1 to 100 dilution [2-TXT]. Then use a pipette to mix the solution gently, avoiding vortexing [3].
2.3.1. Talent pipetting antibodies into the staining solution container.
2.3.2. Shot of the diluent being added to the container. TXT: Volume: 350 + (150 µL x number of slides)
2.3.3. Talent gently mixing the solution using pipetting technique.

2.4. Next add the pre-amplification mix into the respective mix container [1-TXT]. Vortex this solution after thawing to mix thoroughly [2].
2.4.1. Talent adding thawed pre-amplification mix to the container in the specified volume. TXT: Volume: 350 + (150 µL x number of slides)
2.4.2. Talent vortexing the pre-amplification mix container.

2.5. Dilute the amplification enzyme at a 1 to 10 ratio in the amplification buffer to create the amplification buffer [1-TXT]. Mix gently by pipetting, avoiding vortexing [2].
2.5.1. Talent pipetting enzyme and buffer into the amplification container to create the specified dilution. TXT: Volume: 350 + (150 µL x number of slides)
2.5.2. Talent gently pipetting the mixture up and down to mix.

2.6. Then prepare the nuclear counterstain in a nuclear counterstain container using the provided nuclear counterstain solution diluted 1 to 100 in ultrapure water [1-TXT]. Vortex the solution to mix well [2].
2.6.1. Talent diluting nuclear counterstain solution in ultrapure water to the specified volume. TXT: Volume: 350 + (300 µL x number of slides)
2.6.2. Talent vortexing the prepared nuclear counterstain.

2.7. Next, dilute fluorescent probes 1 solution in a 1 to 20 ration in probe buffer [1-TXT]. 
2.7.1. Talent pipetting thawed fluorescent probes 1 solution and buffer into the container. TXT: Volume: 350 + (450 µL x number of slides); Vortex components after thawing and final mixture
2.8. Place all the prepared reagent containers into the reagent wand [1]. Then insert the full reagent wand into the instrument to allow reagent volumes to be measured [2].
2.8.1. Talent placing all prepared reagents into the designated reagent wand.
2.8.2. Talent inserting the reagent wand into the instrument.

3. Run Setup 

3.1. Navigate to the Slide setup tab at the top of the autostainer software once all reagents are prepared [1]. Click the New Study button and input the Study ID, study name, and any study comments as needed [2].
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20613168
3.1.1. SCREEN: User selecting the Slide setup tab and clicking on New Study.
3.1.2. SCREEN: User entering Study ID, study name, and study comments into the respective fields.
3.2. Under Dispense volume, select 150 µL (microliters) and choose *Dewax 4 (Asterisk-Dee-wax-four) steps as the preparation method [1]. If it is not available in the dropdown, open the Protocol Setup menu, mark the Preferred checkbox for it, and click Okay [2].
3.2.1. SCREEN: User selecting 150 µL and Dewax 4 steps from the dropdown menu.
3.2.2. SCREEN: User navigating to Protocol Setup, checking Preferred for Dewax 4 steps, and pressing Okay.

3.3. After the study is created, click on the Add Slide button located on the right side of the slide setup screen [1]. Enter a unique name for the slide under Slide Comments [2].
3.3.1. SCREEN: User clicking Add Slide.
3.3.2. SCREEN: User typing a unique name in the Slide Comments field.

3.4. Set to Tissue Type to Test Tissue in the appropriate field [1]. Then, choose 150 microliters for Dispense volume, and set the Staining mode to Single in the left dropdown and Routine in the right dropdown [2]. Under Process, choose IHC (I-H-C) and set the Marker to Antibody Staining Solution [3].
3.4.1. SCREEN: User selecting Test Tissue under Tissue Type.
3.4.2. SCREEN: User inputting 150 microliters and selecting Single and Routine in Staining mode dropdowns.
3.4.3. SCREEN: User choosing IHC for Process and Antibody Staining Solution for Marker.

3.5. In the Protocol section of the Add Slide window, select Staining Assay 1 for Staining, *Dewax 4 steps for Preparation, and *HIER 20 min with ER2 (asterisk-H-I-E-R-twenty-minutes with-E-R-two) for HIER [1]. Leave the Enzyme protocol set to *---- (asterisk-dash) and click Add Slide when all fields are complete [2-TXT].
3.5.1. SCREEN: User selecting Staining Assay 1 for staining, *Dewax 4 steps for Preparation and *HIER 20 min with ER2 for HIER. 
3.5.2. SCREEN: The Enzyme protocol is being seen and Add slide is being clicked.  TXT: Repeat slide addition for required number of slides
3.6. After adding all slides, close the Add Slide window and print slide labels, affixing each to the corresponding tissue section [1]. Load each labeled slide onto the tray [2] and place cover tiles on top of each tissue section [3].
3.6.1. Talent printing and attaching labels to tissue sections.
3.6.2. Talent loading each labeled slide onto the tray. 
3.6.3. Shot of cover tiles being placed on top of each tissue section. 

3.7. Insert the slide tray into the instrument [1] and select the Corresponding autostainer from the right side of the software screen [2]. Confirm that all three slide trays and all reagent information including bulk and prepared reagents are visible [3].
3.7.1. Shot of the slide tray being inserted into the instrument. 
3.7.2. SCREEN: User selecting the correct autostainer from the software.
3.7.3. SCREEN: Display showing all three trays and reagent information including bulk and added reagents.

3.8. Check that the bulk reagent containers are adequately filled and that waste containers have enough volume to complete the run [1]. Then press the Play button to begin the staining run [2-TXT]. Record the expected stop time [3] and ensure timely removal of the slides from the autostainer once the procedure is complete [4].
3.8.1. Talent inspecting bulk and waste containers.
3.8.2. SCREEN: User pressing the Play button to start the run. TXT: Run duration: 5 h 15 min
3.8.3. Talent documenting stop time for the run.
3.8.4. Talent removing slides from the autostainer after run completion.
4. Imaging and Exchange Assay Setup

4.1. Remove the stained slides and apply coverslips using the mounting medium [1-TXT]. Image the slides using a fluorescence microscope or whole-slide scanner with filters compatible with the assay dyes [2].
4.1.1. Talent removing slides from the autostainer and applying coverslips using mounting medium. TXT: Cure medium in dark until coverslip is firmly affixed
4.1.2. Talent placing the slide under a fluorescence microscope or scanner. 

4.2. For the exchange assay, thaw the exchange buffer at room temperature [1]. Keep the exchange neutralizer and exchange initiator stored at minus 20 degrees Celsius until ready for use [2]. Prepare two reagent titration containers and retrieve the detection kit for use during the exchange protocol [3].
4.2.1. Talent thawing the exchange buffer on the bench.
4.2.2. Talent retrieving exchange neutralizer and initiator from freezer.
4.2.3. Talent placing two titration containers and the detection kit on the bench.

4.3. Prepare the exchange solution in its designated container by mixing required volumes of exchange initiator and exchange buffer [1-TXT]. Mix the contents by pipetting only [2].
4.3.1. Talent pipetting exchange initiator into exchange buffer to prepare solution. TXT: Dilution : 1:500; Volume: 350 + (450 µL x number of slides)
4.3.2. Talent gently mixing the solution by pipetting up and down.

4.4. Now combine the fluorescent probes 2 solution with the diluted exchange buffer, in the respective container [1-TXT]. Vortex only the probe buffer and fluorescent probe mix, and pipette mix the final solution [2].
4.4.1. Talent combining the solutions in a labelled container. TXT: Dilutions: 1 : 20 (probe), 1:40 (neutralizer); Volume: 350 + (450 µL x number of slides)
4.4.2. Talent pipette mixing the final solution containing the neutralizer.

4.5. Place the full reagent wand with all prepared reagents onto the autostainer [1]. Allow the machine to perform a dip test on all reagents [2].
4.5.1. Talent inserting wand into the autostainer.
4.5.2. SCREEN: Autostainer interface showing dip-testing of inserted reagents.
4.6. After adding the slides, set the marker to *Negative, and for Preparation, HIER, and Enzyme, select the *---- option since no dewaxing or antigen retrieval is needed for the exchange protocol [2]. Click Add Slide when complete [3].
4.6.1. SCREEN: User loading slides and changing the marker to *Negative.
4.6.2. SCREEN: User selecting *---- for Preparation, HIER, and Enzyme fields.
4.6.3. SCREEN: User clicking Add Slide.

4.7. After all slides are added, close the Add Slide window and print slide labels to be affixed to each corresponding tissue section [1]. Load each slide onto the tray and place a cover tile over each tissue section before placing the tray into the autostainer [2].
4.7.1. Talent printing and affixing labels to the corresponding tissue sections.
4.7.2. Talent carefully placing slides and cover tiles onto the tray and inserting it into the autostainer.

4.8. Now press the Play button to initiate the run [1]. When the 90-minute run is complete, record the estimated stop time and remove the slides promptly once the run is finished [2].
4.8.1. SCREEN: User clicking the Play button on the autostainer interface.
4.8.2. Talent noting the stop time and removing slides after the run completes.
4.8.3. 

Results
5. Representative Results 

5.1. Images of a tissue microarray core captured across two staining rounds using an 8-plex immunofluorescence protocol showed distinct immune markers in each round [1], with successful image co-registration combining both rounds into a unified composite [2].
5.1.1. LAB MEDIA: Figure 3A, B
5.1.2. LAB MEDIA: Figure 3 C. 

5.2. Whole-slide imaging of colorectal cancer tissue enabled identification of immune phenotypes based on co-localization of markers, including regulatory T cells, exhausted T cells, and immune-suppressive macrophages [1].
5.2.1. LAB MEDIA: Figure 4 

5.3. Immunofluorescence staining showed co-expression of CD3 (C-D-three), CD4 (C-D-four), and FOXP3 (Fox-P-three) in regulatory T cells [1], PD-1 (P-D-One) and PD-L1(P-D-L-One) in tumor and stromal cells [2],  CD3, CD8 (C-D-eight), and PD-1 in exhausted cytotoxic T cells [3] and CD68 (C-D-sixty-eight) and PD-L1 in immune-suppressive macrophages [4].
5.3.1. LAB MEDIA: Figure 4A
5.3.2. LAB MEDIA: Figure 4B
5.3.3. LAB MEDIA: Figure 4C
5.3.4. LAB MEDIA: Figure 4D

5.4. Comparison of single-marker immunohistochemistry and single or multiplex immunofluorescence confirmed qualitative concordance in staining patterns across all markers [1].
5.4.1. LAB MEDIA: Figure 5. Video editor: Please sequentially emphasise the DAB row and then the ISP monoplex image rows

5.5. Serial section staining across different tissue types confirmed consistent expression patterns of immune markers with representative tissue cores showing successful staining and minimal variability [1].
5.5.1. LAB MEDIA: Figure 6B. 
5.6. Tonsil sections stained in six serial slides for CD8 demonstrated high reproducibility with nearly identical fluorescence signal distribution across all images [1].
5.6.1. LAB MEDIA: Figure 6C. 

5.7. Quantification of marker-positive cell densities across tissue types showed highest densities in tonsil and lymph node, and lowest in melanoma and colon [1].
5.7.1. LAB MEDIA: Figure 7.tif Video editor: Highlight the taller box plots over "Tonsil" and "Lymph Node" 
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