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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps: 16
Number of Shots:  48

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

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


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

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name)
OR
This research has been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name)

Authors: Please state the full name of the ethics board and the specific institution responsible for the ethical oversight of the study.

Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Slide Preparation and Mounting Human Tissue Samples for Multiplex Immunofluorescence
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, place five micrometer thick formalin fixed paraffin embedded or FFPE (F-F-P-E) tissue microarray sections on high quality, positively charged microscopy slides [1] and mount them centrally to ensure visibility within Click Well viewing window [2-TXT]. (Authors: This step was included to establish a clear introductory context for the video. Please let us know if this meets your requirements or if you would recommend an alternative approach)
2.1.1. WIDE: Talent assembling FFPE tissue sections and positively charged microscopy slides.  
2.1.2. Talent mounting the tissues centrally on positively charged microscopy slides. TXT: Max size = 2 x 2 cm2; core of 34 tissue types
2.2. Perform [1] sample preparation steps [2] either manually using a decloaking chamber [3] or automatically using an automated stainer [4].
2.2.1. Talent preparing the samples for loading into Coverslipless Slide Holder
2.2.2. TEXT ON A PLAIN BACKGROUND
Preparation Steps:
	1) Dewaxing, rehydration and permeabilization of FFPE sections
	2) Antigen Retrieval
	3) Blocking and
	4) DAPI Counterstaining
2.2.3. Talent prepares the sample manually with a decloaking chamber.
2.2.4. Talent preparing the sample automatically using an automated stainer.
2.3. Place the prepared slides into the Coverslipless Slide Holder [1]. Align the top and right edges against the metal stops [2]. Lock the slide in place using both hands at the same time to turn the plastic cams to the closed padlock position [3].
2.3.1. Talent placing the prepared slides into Coverslipless Slide Holder.
2.3.2. Talent aligning the top and right edges of the slide against metal stops.
2.3.3. Talent using both hands to turn the plastic cams to lock the slide in place.
2.4. Verify the slide is seated completely flat and does not rock within the holder [1]. Place the Click Well insert chamber over the slide [2] and pinch the side bars with two hands to limit pressure and prevent breakages [3].
2.4.1. Talent checking if the slide is seated flat and steady without moving.
2.4.2. Talent placing the Click Well insert chamber over the slide.
2.4.3. Talent pinching the side bars with two hands to limit pressure and prevent breakages.
2.5. Load the Click Well with two milliliters of mounting media containing fifty percent glycerol in phosphate-buffered saline via the inlet port [1]. Add a barcode label to the left-hand side of the slide in either orientation, then proceed for imaging [2].
2.5.1. Talent loading the Click Well with two milliliters of mounting media. Videographer: Obtain multiple reusable takes of 2.5.1 as these will be used later in the protocol.
2.5.2. Talent adding barcode label to the left-hand side of the slides on both orientations.
3. Multiplex Imaging
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. For regional selection and autofluorescence analysis, open the Mx (M-X) workflow version 4.2.0.4 (four-point-two-point-zero-point-four) multiplex imaging acquisition software [1]. Use the protocol publisher wizard to create a protocol with the required rounds, biomarkers and exposure times [2]. (Authors: Please suggest if the software name pronunciation provided in red italic font is appropriate or please provide a guide, if there is an alternate pronunciation). 
3.1.1. SCREEN: Show the multiplex imaging acquisition software opening on the computer.
3.1.2. SCREEN: Show the protocol publisher wizard and enter the required rounds, biomarkers, and exposure times to create the protocol.
3.2. Acquire the Cy3 (Sigh-three) channel for virtual hematoxylin and eosin or H&E (H and E) images [1]. Use the batch creator tool to add the slides to a protocol with the barcode number for creating a multiplex experiment workflow [2]. 
3.2.1. SCREEN: Show the acquisition settings with the Cy3 channel enabled for virtual H&E imaging.
3.2.2. SCREEN: Show the Batch Creator tool and enter the barcode number for the slides to create the multiplex experiment workflow.
3.3. Load the slide into the microscope using the acquisition software [1]. Follow the workflow by drawing regions of interest via 2x (two-X) and 10x (ten-X) imaging steps for each slide, ensuring each field of view has at least two neighbors to prevent stitching issues [2].
3.3.1. SCREEN: Show the acquisition software loading the slide into the microscope workflow.
3.3.2. SCREEN: Show regions of interest being drawn via 2x and 10x imaging steps for each slide ensuring each field has at least 2 neighboring fields.
3.4. Perform the 20x (twenty-X) autofluorescence imaging using the previously set exposure times [1]. Use quality control or QC (Q-C) wizard to scan for out of focus regions or artefacts; fail the QC if detected and reimage [2]. Generate background images for subtraction from the final biomarker signal and repeat for each multiplex round [3].
3.4.1. SCREEN: Show the 20x autofluorescence imaging step starting with the preset exposure times.
3.4.2. SCREEN: Show the QC wizard scanning for out of focus regions or artefacts.
3.4.3. SCREEN: Show background images being generated in the software for signal subtraction.
3.5. Prior to sequential biomarker staining, centrifuge the antibodies at 13,000 g (thirteen thousand-gee) for one minute at room temperature to limit artefacts [1]. Prepare the antibody solution at 1:200 (one-to-two hundred) dilution in phosphate-buffered saline or PBS (P-B-S) containing 0.3 (zero-point three) percent bovine serum albumin or BSA (B-S-A) [2]. Remove the mounting media by pipetting out from the Click Well port [3] and wash thrice with two milliliters of PBS containing 0.01 (zero-point zero one) percent Tween or PBST (P-B-S-T) for five minutes [4]. (Authors: Please clarify the specific surfactant used- Tween 20 vs. Tween 80?)
3.5.1. Talent centrifuging the antibody sample. Videographer: Please capture the digital meter on the centrifuge showing the centrifuge speed and time.
3.5.2. Talent preparing the antibody solution in BSA containing PBS.
3.5.3. Talent is removing the mounting media from the well. Videographer: Obtain multiple reusable takes of 3.5.3 and 3.5.4 as these will be used later in the protocol.
3.5.4. Talent washing the well with 2 mL PBST. 
3.6. Add three hundred and fifty microliters of antibody solution into the port to ensure full sample coverage within the staining chamber [1]. Incubate for one hour at room temperature [2]. Next, pipette out the antibody solution from the Click Well port [3] and wash thrice with two milliliters of PBST for five minutes [4]. 
3.6.1. Talent adding 350 µL antibody solution to the well port.
3.6.2. Talent incubating the slides for one hour at RT.
3.6.3. Talent removing the antibody solution from the well port.
3.6.4. Reuse 3.5.4
3.7. Add two milliliters of mounting media [1]. Insert Click Well holder into the microscope [2] to initiate automatic round specific imaging step [3]. Then, progress the workflow by passing QC steps as directed on screen [4]. 
3.7.1. Reuse 2.5.1
3.7.2. Talent inserting the Click Well holder into the microscope. Videographer: Obtain multiple reusable takes of 3.7.2 as these will be used later in the protocol.
3.7.3. SCREEN: Show the automatic round-specific imaging step being started in the software.
3.7.4. SCREEN: Show the workflow progress and QC prompts being accepted on screen
3.8. Pipette out the mounting media from the Click Well port [1] and wash thrice with two milliliters of PBST for five minutes [2]. Prepare [3] the dye inactivation solution freshly before use [4].
3.8.1. Reuse 3.5.3
3.8.2. Reuse 3.5.4
3.8.3. Talent preparing the dye-inactivation solution.
3.8.4. TEXT ON A PLAIN BACKGROUND
	Double distilled water……… 7 mL
	0.5 M NaHCO3 …………………. 2 mL
	30% H2O2………………………… 1 mL
	Prepare the solution freshly before use and apply immediately without delay.

3.9. Remove PBST and add two milliliters of dye inactivation solution for each slide immediately after adding hydrogen peroxide to working solution [1]. Incubate for fifteen minutes in the slide holder [2]. Pipette out the dye inactivation solution from the Click Well port [3] and wash with two milliliters of PBST for five minutes [4].
3.9.1. Talent adding 2 mL dye inactivation solution.
3.9.2. Talent incubating the slides for 15 minutes in slide holder.
3.9.3. Talent removing the dye-inactivation solution from the well port.
3.9.4. Reuse 3.5.4
3.10. Add two milliliters of mounting media and insert Click Well holder into the microscope [1] to initiate automatic round specific 20x autofluorescence imaging [2]. Progress the workflow by passing QC steps as directed on screen upon completion [3]. 
3.10.1. Reuse 2.5.1 and 3.7.2.
3.10.2. SCREEN: Show the automatic round-specific 20x autofluorescence imaging step being started in the software.
3.10.3. SCREEN: Show the workflow progress and QC prompts being accepted on screen
3.11. Repeat the sequential biomarker staining, dye inactivation, and multiplex imaging procedure for as many rounds or markers as required and continue until all required rounds are completed [1]. Use digital pathology software to perform automated HighPlex analysis and data export to finalize the study [2].
3.11.1. SCREEN: Show the workflow returning to the next round of biomarker staining and imaging and multiple completed rounds listed in the experiment workflow. (Authors: We have revised this step for clarity and detail. Please confirm if it accurately reflects the procedure)
3.11.2. SCREEN: Show the data analysis using DPS software. (Authors: We have added this step to ensure completeness of the protocol. Please suggest if it is appropriate).





Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 100.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 

4.1. 10-plex (ten plex) immunofluorescence and paired virtual H&E images were generated for 136 (one hundred and thirty six) tissue microarray cores covering 34 (thirty four) human tissue types across two slides prepared with automated or BOND and manual (/bɒnd/) methodologies [1]. The images demonstrate successful multiplex staining with preserved tissue morphology and clear detection of multiple biomarkers across tissue microarray cores [2]. 
4.1.1. LAB MEDIA: Figure 2A and B: Video Editor: Please emphasize the columns BOND and Manual sequentially.
4.1.2. LAB MEDIA: Figure 2C and D: Video Editor: Please emphasize the columns BOND and Manual sequentially.
4.2. The relative tissue abundance and spatial distribution of ten orthogonal biomarkers were visualized for valid classification of senescence across all cores and shown in representative appendix tissue [3]. Z-score (Zee-score) normalized heatmap of average core percentage positivity for each biomarker or senescence phenotype p16+/LB1-ve (P-sixteen-positive-Lamin-B-one negative) across tissue types was generated using the Digital Pathology Software [4].
4.2.1. LAB MEDIA: Figure 5
4.2.2. LAB MEDIA: Figure 6D
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