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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

3. Filming location: Will the filming need to take place in multiple locations?   No

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. No


Current Protocol Length
Number of Steps:  20
Number of Shots:  52 

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


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. Samantha Kimmel/Catherine Murphy: Our lab utilizes cutting-edge multiplex microscopy and spatial transcriptomics techniques to explore the distinctive cellular communities shaping immune responsiveness.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Samantha Kimmel/Catherine Murphy: Existing methods lack an affordable, simple approach for combined protein staining and RNA hybridization; this protocol integrates IBEX with RNAscope Hiplex in tissues.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Samantha Kimmel/ Catherine Murphy: Bex-Plex generates quantifiable data about protein and RNA expression for the high-plex spatial analysis of intact tissue with single-cell resolution.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.


Describe the most important consideration or challenge when performing this protocol.
1.4. Samantha Kimmel/Catherine Murphy: The most important part of this protocol is the modified target retrieval step before RNA hybridization. The target retrieval reagent must be prewarmed to 60 degrees Celsius.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 2.2.3


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Samantha Kimmel/Catherine Murphy: Future studies can expand this work by optimizing Bex-Plex for FFPE samples, enabling broader applications in cell profiling and spatial signaling analysis.
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.



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) at the University of California, San Diego 



Protocol  
[bookmark: _heading=h.y6olk8oypp7f]NOTE: Show this as a title card slide against a plain background just before section 2’s title and after the ethics card

Tissue sample preparation
· Harvest tissues from 7–12 weeks old, male and female C57BL/6 mice, post-euthanasia
· Fix tissues; embed in optimal cutting temperature compound; freeze
· Load 10–15 µm thick sections onto RNase-free coated slides
· Stain: block, primary stain, secondary stain, DAPI; mount and image
· Keep all steps RNase-free and samples hydrated
· For IBEX cycles: bleach with LiBH₄, restain the slides; proceed to RNA work

Authors: In the last bullet point it should be made clear that the fluorophores from the final protein cycle need to be bleached before proceeding to RNA work. It would also be good to note that protein work should be done as fast as possible.

Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

2. Slide Preparation for RNAscope HiPlex Assay
Demonstrator: Samantha Kimmel/Catherine Murphy

2.1. To begin, submerge the slides completely in ribonuclease-free PBS until the coverslip slides off without force [1]. Remove the coverslip and retrieve the slide, followed by washing it for 2 minutes [2]. Prepare 200 milliliters of 50 percent ethanol, 200 milliliters of 70 percent ethanol, and 400 milliliters of 100 percent ethanol [3].

2.1.1. WIDE: Talent placing slides into a container filled with ribonuclease-free 1X PBS.
2.1.2. Talent removing the coverslip and taking out the slide.
2.1.3. The talent preparing 200 mL each of 50% and 70% ethanol solutions, and 400 mL of 100% ethanol, in separate containers.

2.2. Turn on a hybridization oven and set it to 60 degrees Celsius [1]. Dilute the 10X (ten-times) target retrieval reagent to 1X (one-times) using ribonuclease-free deionized water [2] and prewarm it in the oven [3]. 

2.2.1. Talent setting the hybridization oven temperature.
2.2.2. Talent diluting the 10X target retrieval reagent to 1X using ribonuclease-free deionized water  
2.2.3. Talent placing reagent into the oven.

2.3. Immerse the slides sequentially in ethanol [1] at the specified concentrations and conditions [2].
2.3.1. Talent placing slides into 50 percent ethanol and leaving it undisturbed.
2.3.2. TEXT ON A PLAIN BACKGROUND
1. 50% Ethanol; Incubate for 5 min, RT
2. 70% Ethanol; Incubate for 5 min, RT
3. 100% Ethanol; Incubate for 5 min, RT
4. 100% Ethanol; Incubate for 5 min, RT

2.4. Remove the slides and allow them to dry at room temperature for 5 minutes [1]. Add 100 to 150 microliters of target retrieval reagent at 60 degrees Celsius [2]. Incubate in the hybridization oven at 60 degrees Celsius for 1 hour [3]. 
2.4.1. Talent placing slides on a flat surface to air dry.
2.4.2. Talent adding 1X target retrieval reagent to slides.
2.4.3. Talent placing the slides into the hybridization oven set at 60 °C.

2.5. Transfer the slides into ribonuclease-free deionized water, keep the slides submerged, and rinse for 15 seconds. [1]. Adjust the oven temperature to 40 degrees Celsius [2].
2.5.1. Talent transferring the slides into ribonuclease-free deionized water and dunking them up and down
2.5.2. Talent adjusting oven temperature.

2.6. Transfer the slides to 100 percent ethanol and incubate for 5 minutes [1], then dry at room temperature for at least 5 minutes [2].
2.6.1. Talent placing slides into ethanol. 
2.6.2. Talent taking out the slides from ethanol and setting them aside to dry.

2.7. Apply protease III (Three) with 1 to 2 drops per tissue section [1]. Incubate in the hybridization oven at 40 degrees Celsius for 30 minutes [2]. Wash the slides by submerging in ribonuclease-free deionized water and dunking briefly [3], then repeat with fresh water [4].
2.7.1. Talent adding 1-2 drops of protease on the tissue section.
2.7.2. Talent placing slides into the oven.
2.7.3. Talent dipping slides in ribonuclease-free deionized water.
2.7.4. Talent dipping slides in fresh water.

3. RNAscope Reagent Preparation and Probe Hybridization

3.1. Warm the RNAscope HiPlex (R-N-A-scope high plex) probe stocks and probe diluent to 40 degrees Celsius for 10 minutes [1]. Pulse spin the 50X (fifty times) probe stocks [2]. Dilute each target probe using probe diluent to prepare a working probe mixture [3], then vortex to mix [4].

3.1.1. Talent places the RNAscope HiPlex probe stocks and probe diluent in the hybridization oven.
3.1.2. Talent placing the 50X probe stocks into a centrifuge for a pulse spin.
3.1.3. Shot of the talent preparing working probe mixture by adding probe stock to the probe diluent in a tube.
3.1.4. Talent vortexing the tube.

3.2. Equilibrate amplification reagents and fluorophore reagents to room temperature [1]. Add 50 to 100 microliters of probe mixture to each tissue section on the slide [2].  incubate horizontally at 40 degrees Celsius for 2 hours in the hybridization oven [3]. Wash the slides twice by submerging in wash buffer for 2 minutes each time [4].
3.2.1. Talent placing reagents on the bench to equilibrate.
3.2.2. Talent pipetting probe mixture onto slides.
3.2.3. Talent placing the slides horizontally into the oven at 40°C.
3.2.4. Talent washing slides in buffer.

4. RNAscope HiPlex Probe Hybridization and Amplification

4.1. Add 1 to 2 drops of amplification reagent 1 [1] and incubate at 40 degrees Celsius for 30 minutes [2]. Add wash buffer twice to wash the slides for 2 minutes [3].

4.1.1. Talent applying the reagent. 
4.1.2. Talent placing slides into the oven.
4.1.3. Shot of the talent adding 1X wash buffer to wash the slides

4.2. Similarly, add 1-2 drops of amplification reagent 2 and reagent 3, followed by incubation and washing as shown previously [1]. 
4.2.1. Shot of the talent adding second reagent.

4.3. Add 1-2 drops of fluorophore reagent T1 to T4 [1]. After incubation at 40 degrees Celsius for 15 minutes [2], wash the slide twice in wash buffer for 2 minutes [3]. Add 3 to 4 drops of DAPI reagent and incubate for 1 minute at room temperature [4].
4.3.1. Talent adding 1-2 drops of fluorophore reagents.
4.3.2. Talent places the slides in the incubator.
4.3.3. Talent adding wash buffer in the slide.
4.3.4. Talent adding DAPI onto tissue sections on the slide.

4.4. Remove excess liquid and add 100 microliters of antifade mounting medium [1]. Place a coverslip and allow it to dry for 15 to 30 minutes [2].
4.4.1. Talent removing excess liquid, adding 100 µL of mounting medium.
4.4.2. Talent placing coverslip and leaving it undisturbed.


5. Iterative RNA Detection and Image Processing

5.1. Soak the slides in 4X (4-times) saline-sodium citrate buffer for at least 30 minutes at room temperature to remove coverslips [1]. Add fresh buffer to wash the slide [2]. After opening a fresh ampule of cleaving solution, make a 10 percent working stock using 4X saline-sodium citrate buffer [3].

5.1.1. Talent placing slides into buffer for soaking.
5.1.2. Talent adding fresh buffer to wash the slide.
5.1.3. Talent preparing the 10% working stock of cleaving solution.

5.2. Add 3-4 drops of ten percent cleaving solution and incubate for 15 minutes at room temperature [1]. Wash twice in 0.5 percent PBS with detergent for 2 minutes [2].

5.2.1. Talent adding 3-4 drops of 10% cleaving solution.
5.2.2. Talent adding 0.5% PBS with detergent to wash the slides.

5.3. Add the fluorophore reagent T5 to T8 to the slides [1]. After incubating at 40 degrees Celsius for 15 minutes, wash twice in wash buffer for 2 minutes [2]. Remove excess liquid, add 100 microliters of mounting medium [3]. Place the coverslip at 4 degrees Celsius for 15 to 30 minutes to dry, followed by image acquisition [4].

5.3.1. Talent adding the fluorophore reagent.
5.3.2. Talent washing the slides with buffer.
5.3.3. Talent removing excess liquid and adding 100 µL of mounting medium on the slide
5.3.4. Talent mounting slides with coverslip and keeping it for drying.

5.4. Repeat the cleaving and hybridization process with fluorophore reagent T9 to T12 if required [2].
5.4.1. Representative shot of the slides being soaked in 4X saline-sodium citrate buffer.

5.5. Next, open a raw image file and process the image using consistent parameters, including channel naming, background subtraction, and smoothing [1].

5.5.1. SCREEN: 70303_screenshot_1.mp4:  00:00-00:07, 00:52-01:09

5.6. To perform image registration and alignment, launch the software and select Imaris extensions, then SimpleITK, and choose Affine registration of z-stack using common channel [1].

5.6.1. SCREEN: 70303_screenshot_2.mp4

5.7. Upload one image from each of the multiplex cycles and enter the channel separator character for all named channels [1]. Select the registration channel and define the fixed image for alignment [2]. Click Register and then select Resample and save combined image [3].

5.7.1. SCREEN:  70303_screenshot_3.mp4: 00:05-00:14
5.7.2. SCREEN:  70303_screenshot_3.mp4: 00:17-00:21
5.7.3. SCREEN: 70303_screenshot_3.mp4:  00:22-00:24; 70303_screenshot_4.mp4: 00:03-00:06 



Results
6. Results 

6.1. The registered images from protein and RNA staining cycles demonstrate the co-detection of protein and RNA targets [1] and alignment of fluorescence channels [2].

6.1.1. LAB MEDIA: Figure 2A. Video editor: Show all three panels side by side and emphasize the bright larger colored shapes in the left image and the small scattered colored dots in the middle image
6.1.2. LAB MEDIA: Figure 2A. Focus on the right merged image and highlight that the bright shapes and small dots appear in the same locations as seen in the left and middle images

6.2. Quantitative analysis s
howed similar numbers of T-cells, macrophages, and neutrophils in combination immunotherapy treated tumors and controls [1]. 
     
6.2.1. LAB MEDIA: Figure 2B

6.3. However, with combination immunotherapy treatment, the number of cells expressing Pdl1, Il10, or a combination of both transcripts showed a downward trend in macrophage and neutrophil compartments [1] compared to controls [2].
6.3.1. LAB MEDIA: Figure 2C. Video editor: Highlight the darker coloured bars (FPC) in all three graphs 
6.3.2. LAB MEDIA: Figure 2C. Video editor: Highlight the lighter coloured bars (Isotype) in all three graphs

6.4. Nuclei appeared enlarged with indistinct edges when target retrieval was not modified [1] compared to nuclei from tissue processed with modified target retrieval [2]. 

6.4.1. LAB MEDIA: Figure 3A. Video editor: Show the left image and highlight the larger, more blurred round shapes with fuzzy edges across the image
6.4.2. LAB MEDIA: Figure 3B. Video editor: Show the middle image and highlight the smaller, clearer round shapes with sharper edges across the image

6.5. Use of the target retrieval reagent at room temperature led to a higher mean nuclear volume compared to the reagent prewarmed to 60 degrees Celsius [1].

6.5.1. LAB MEDIA: Figure 3C. Video editor: Highlight the taller bar labeled “RT” first and then highlight the shorter bar labeled “60°C”

6.6. The mean nuclear volume at 60 degrees Celsius was not significantly different from standard immunofluorescence conditions [1].

6.6.1. LAB MEDIA: Figure 3C. Video editor: Show the bars labeled “60°C” and “Standard IF” and emphasize the label “ns” connecting them
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