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Authors, please fill out the brief questionnaire below.   


A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N______ If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 
3.2,  3.4,  3.7,  3.8,  3.9,  3.11.  

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Remove residual buffer from slide after each step by flicking but keep slides from drying between steps.













1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Video editor: Graphics are in ‘51426_Schematic Overview graphics.pptx’

Conceptual Narrative:

The overall goal of the following experiment is to demonstrate sensitive and specific detection of high-risk HPV E6/E7 mRNA in tumors cells in head and neck cancers by using a novel RNA in situ hybridization technique called RNAscope. (Intro)

This is achieved by first pretreating the tissue samples on the slides with heat and protease to permeablize the cells to allow probe access. (P1) (Video editor: show the cartoon of the slide from Step 1 of slide 1, then use cartoon from slide 2 to animate the drop bottle dispensing the protease solution onto the tissue sample) 

As a second step, incubate slides with an HPV probe cocktail targeting seven high-risk HPV types, (Video editor: Slide 1- show the blue oval with the tissue sample and the green mRNA2 and blue mRNA1 without the ZZ, then add the many green and blue ZZ above the oval) which hybridizes to E6/E7 mRNA. (Video editor: Slide 1- animate the blue ZZ and the green ZZ aligning with the blue mRNA1 and green mRNA2, respectively) (P2)  

Next, amplify hybridization signals by hybridizing sequentially with the pre-amplifier, amplifier and HRP-conjugated label probe. (Video editor: Slide 1, step 3 – first show the tissue with  mRNAs [blue and green lines] and RNA-specific probes [blue and green ZZ], then animate the preAmp coming to align with the ZZ, followed by the Amp sticking to the preAmp, and finally the label probe sticking to the Amp) (P3)

The signal is then detected with a chromogen and visualized under standard bright-field microscopy. (Video editor: show Step 4 cartoon of microscope from slide 1) (P4)

Results are obtained that show HPV E6/E7 mRNA signals as punctate brown precipitates in HPV-positive tumors but not in HPV-negative tumors. (Video editor: show panels A and D from ACD_JoVE Fig2.tif) (P5)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Mindy Wang: The RNAscope assay uses a novel and proprietary method of in situ hybridization to visualize RNA at a single molecule level (to allow single RNA molecular detection). Due to RNAscope’s exceptional sensitivity, this technology can be applied for detection of any RNA biomarkers in any cancer or tissues. 
1.2. Mindy Wang: Generally, individuals with previous experience in IHC or ISH can pick up this method quickly. This video gives you a visual demonstration of the entire workflow and helps you master the critical steps of the RNAscope assay. 


Protocol (read by voice talent at JoVE):

2. Sample, Equipment and Reagent Preparation

2.1. The tissue specimens to be assayed by this RNA in situ hybridization technique are formalin-fixed, paraffin-embedded sections of 5 +/- 1 µm thickness, mounted on slides. 

Shots:
2.1.1. MED: Talent setting out the slides (16-20) to get them ready for baking – maybe by putting them on a tray.

2.2. One hour prior to the assay, bake the slides in a dry oven at 60°C (TEXT: 60°C; 1 h). 

Shots:
2.2.1. MED: Talent putting the slides into the oven.

2.3. While the slides are baking, prepare the hybridization oven: bring the temperature to 40°C and place a humidifying paper in the humidity control tray. Add 50 ml of dH2O to the humidifying paper to wet it completely. Insert the covered tray into the oven to pre-warm for at least 30 minutes before use. 

Shots:
2.3.1. MED: Talent setting the oven temperature to 40°C.
2.3.2. MED: Talent placing humidifying paper in the humidity control tray.
2.3.3. CU: 50 ml dH2O being added to the humidifying paper to wet it completely.
2.3.4. MED: Talent putting on the cover and then inserting the covered tray into the oven.

2.4. Prepare 700 ml of 1x Pretreat 2 Solution by diluting 10x Pretreatment Solution in dH2O. (TEXT: Pretreat 2 Solution = 10 nmol/L citrate buffer, pH 6).  Heat the 1x Pretreat 2 Solution to boiling and maintain the temperature between 100-104°C while preventing over-boiling.

Shots:
2.4.1. MED: Talent making Pretreat 2 Solution in a beaker.
2.4.2. MED: Talent putting the beaker onto a hot plate and turning it on.
2.4.3. CU: A shot of the beaker and its contents when it is boiling (but not overboiling)

2.5. Make 3 liters of 1x Wash Buffer by diluting pre-warmed 50x Wash Buffer in dH2O. (TEXT: Wash Buffer = 0.1x SSC)

Shots:
2.5.1. MED: Talent making 1X wash buffer.

2.6. Under a fume hood, prepare the xylenes, 70% Ethanol and 100% Ethanol for deparaffinization and dehydration.

Shots:
2.6.1. MED/over the shoulder: talent working in fume hood, pouring the xylenes and ethanols into appropriate containers/vials. (containers should be clearly labeled)

2.7. Prepare 50% Hematoxylin staining solution and 0.01% ammonia water or bluing reagent for post-staining. (containers should be clearly labeled)

Shots:
2.7.1. MED: Talent at fume hood: making 50% Hematoxylin staining solution.
2.7.2. CU: Bluing reagent (0.01% ammonia water) being made.

2.8. Pre-warm the target probes at 40°C for 10 minutes.

Shots:
2.8.1. MED: Talent putting the probes into a 40°C oven.

2.9. Bring all the RTU Detection Kit reagents, except for DAB Chromogen Brown-A and Brown-B, to room temperature.

Shots:
2.9.1. MED: Talent taking all reagents except chromogen out of the kit and setting them out at room temperature.

3. RNAscope Assay

3.1. To begin this assay, deparaffinize the baked tissue sections in xylene, two times, for 5 minutes each time, with frequent agitation (TEXT: Deparaffinize in xylene; 2 X 5 min)  Dehydrate in 100% EtOH, twice for 3 minutes each, with frequent agitation. (TEXT: Dehydrate in 100% EtOH; 2 X 3 min) 

Shots:
3.1.1. MED/over the shoulder: talent working by fume hood, putting the slides into a container of xylene.
3.1.2. CU: talent manually agitating the slides that are in the xylene.
3.1.3. MED: Talent transferring slides from 2nd xylene to 1st 100% EtOH container.
3.1.4. CU: talent manually agitating the slides that are in 100% EtOH.

3.2. Air dry for 5 minutes and then draw a hydrophobic barrier around the tissue section with a Hydrophobic Barrier Pen.

Shots:
3.2.1. MED: Talent setting the slides out to air dry.
3.2.2. CU/ECU: hydrophobic barrier being drawn around the tissue section with a Hydrophobic Barrier Pen.

3.3. Start pretreatment of the tissue sections by incubating them with Pretreat 1 Solution for 10 minutes at room temperature. This will quench endogenous peroxidase activity.  Rinse in dH2O. 

Shots:
3.3.1. CU: Pretreat 1 Solution being dispensed onto the tissue from a drop bottle.
3.3.2. CU: Multiple takes from different angles of rack of slides being put into a container of water.  Shot will be repeated multiple times later. Videographer: please try to capture only the slides being placed into the water and avoid including the container the slides came from. 

3.4. Next, retrieve RNA by incubating the tissue sections for 15 minutes with Pretreat 2 Solution maintained at a boiling temperature. After 15 minutes, rinse twice in dH2O.

Shots:
3.4.1. MED: Talent putting the rack of slides into the beaker of Pretreat 2 Solution that is already boiling on the hot plate (from 2.4.)
3.4.2. CU: Match action above: rack of slides being placed into Pretreat 2 Solution.
3.4.3. MED: Talent transferring rack of slides from beaker to a container of water.
3.4.4. Use shot from 3.3.2. (Video editor:  please only show the slides going into the water; avoid showing from which solution the slides are coming from since that is not the same for all the steps that will use shot 3.3.2)

3.5. For protein digestion, treat tissue sections with Pretreat 3 solution and incubate in the hybridization oven at 40°C for 30 minutes (TEXT: 40°C; 30 min).

Shots:
3.5.1. CU: Pretreat 3 solution being dispensed onto tissue sections. (TEXT: Flick the slides to remove residual buffer before adding Pretreat 3)
3.5.2. MED: Talent putting slides into the humidified tray and placing the lid on.
3.5.3. MED: Multiple takes from different angles of talent putting the covered tray into the hybridization oven. Shot will be repeated later.

3.6. When the 30-minute incubation is done, rinse the tissue sections twice in dH2O.

Shots:
3.6.1. MED: Talent transferring slides from oven tray to a container of water.
3.6.2. Use shot from 3.3.2. (Video editor:  Show the slides going into the water only)

3.7. The next step is Target Probe Hybridization, using a pool of probes that detect the E6/E7 mRNA of seven high-risk HPV genotypes: HPV16, 18, 31, 33, 35, 52, and 58 (TEXT: Probes detect E6/E7 mRNA of HPV16, 18, 31, 33, 35, 52, 58). Add the HPV probes, Ubiquitin C probe and bacterial gene dapB probe separately onto three adjacent tissue sections. Hybridize at 40°C in the oven for 2 hours (TEXT: 40°C; 2 h.)

Shots:
3.7.1. CU/ECU: A shot of the tube containing the pool of probes.
3.7.2. MED: Talent adding the HPV probes to one tissue section. (TEXT: Flick the slides to remove residual buffer before adding target probe)
3.7.3. 
3.7.4. CU: UBC probe being added to the next section.
3.7.5. CU: dapB probe being added to the next section.
3.7.6. Use shot from 3.5.3.

3.8. At the end of the 2-hour incubation, rinse tissue sections in Wash buffer, twice for 2 minutes each time, at room temperature (TEXT: Rinse 2 X 2 min in wash buffer).

Shots:
3.8.1. MED: Multiple takes from different angles of talent putting slides into wash buffer.  Shot will be repeated later.

3.9. For Signal Amplification, begin by incubating tissue sections with the Amp1 preamplifier for 30 minutes at 40°C in the hybridization oven (TEXT: 40°C; 30 min). Rinse twice in Wash buffer for 2 minutes each time at room temperature (TEXT: Rinse 2 X 2 min in wash buffer).

Shots:
3.9.1. CU: Amp1 preamplifier being dispensed onto tissue sections. (TEXT: Flick the slides to remove residual buffer before adding Amp1)
3.9.2. 
3.9.3. Use shot from 3.5.3.
3.9.4. Use shot from 3.8.1.

3.10. Subsequent steps for signal amplification involve incubating the tissue sections with the following reagents at 40°C for the indicated amount of time, with two rinses in wash buffer at room temperature after each incubation:  Amp2 background reducer for 15 minutes (TEXT: Amp2; 15 min; 40°C); Amp3 amplifier for 30 minutes (TEXT: Amp3 amplifier: 30 min; 40°C), and Amp4 labeled probe for 15 minutes (TEXT: Amp4 labeled probe; 15 min; 40°C).

Shots:
3.10.1. CU: Amp2 being dispensed onto tissue sections. (Video editor: freeze the end of this shot and add overlay text of the next two incubations) (TEXT: Flick the slides to remove residual buffer before adding Amp2)
3.10.2. 

3.11. Next incubate the tissue sections with Amp5 for 30 minutes at room temperature (TEXT: Amp5: 30 min; room temperature).  After the two rinses in wash buffer, incubate with Amp6 for 15 minutes at room temperature (TEXT: Amp6: 15 min; room temperature), followed by two more rinses in wash buffer.

Shots:
3.11.1. CU: Amp5 being dispensed onto the tissue sections. (TEXT: Flick the slides to remove residual buffer between steps)
3.11.2. 
3.11.3. Use shot from 3.8.1.
3.11.4. CU: Amp6 being dispensed onto the tissue sections.
3.11.5. Use shot from 3.8.1.

3.12. For signal detection, make a 1:1 DAB mixture by mixing equal volumes of Brown-A and Brown-B. Add the solution to the slides and incubate for 10 minutes at room temperature. Rinse twice in dH2O.

Shots:
3.12.1. MED: Talent mixing equal volumes of Brown-A and Brown-B in a tube.
3.12.2. CU: A/B solution being added to the tissue sections.
3.12.3. MED: Talent putting slides into a container with water.

3.13. Counterstain the tissue sections with a 50% Hematoxylin solution for 2 minutes at room temperature, and then rinse with dH2O until slides are clear while tissues remain purple. Dip slides into 0.01% ammonia water five times, followed by five dips in dH2O.

Shots:
3.13.1. MED: Talent putting slides into a container with 50% Hematoxylin solution.
3.13.2. MED: Talent passing slides through multiple rinses of water.
3.13.3. CU: Slides being dipped 5 times in 0.01% ammonia water.
3.13.4. CU: Slides being dipped 5 times in water.

3.14. [bookmark: _GoBack]Dehydrate tissue sections by incubating for 2 minutes each in 70% EtOH, 100% EtOH, and 100% EtOH, followed by xylene for 5 minutes.  (Please label clearly all the containers: 70% EtOH, 100% EtOH, 100% EtOH, Xylene)

Shots:
3.14.1. MED/CU: Slides being put into container with 70% EtOH for 10 seconds, then transferred to 100% EtOH for 10 seconds, and to the second 100% EtOH for 10 seconds, followed by the xylene.  (Video editor:  please pause the action in between each transfer because the slides are supposed to incubate for 2 minutes in each container even though it is a continuous shot by the videographer)

3.15. Lastly, mount the slides with xylene-based mounting media.  

Shots:
3.15.1. MED: Talent mounting the slides.


4. Results: RNAscope assay detects HR-HPV in FFPE tumor tissue sections

4.1. [bookmark: OLE_LINK5][bookmark: OLE_LINK6](Figure 2A, 2B, 2C) Shown here are example images from stained formalin-fixed, paraffin-embedded sections of head and neck squamous cell carcinoma. In the HPV-positive case (Fig. 2A), the HR-HPV probes detected strong punctate signals specifically in the tumor cells; this is clearly visualized in the inset at 40x magnification. The positive control UBC probe detected numerous punctate cytoplasmic signals in both tumor cells and stromal cells (Fig. 2B), while the negative control dapB probe demonstrated a clean background (Fig. 2C).

Shots:
4.1.1. LAB MEDIA: panels A, B, C only from JoVE Fig2.tif

4.2. (Figure 2D, 2E, 2F) In the HPV-negative case, both the HR-HPV probe (Fig. 2D) and the dapB probe (Fig. 2F) detected no signals, whereas strong signals were detected by the UBC probe (Fig. 2E).

Shots:
4.2.1. LAB MEDIA: panels D, E, F only from JoVE Fig2.tif

4.3. (All of Figure 2) The scoring for HPV status determination involves examining all three slides for each case. The staining level on the negative control dapB slide is used as the cutoff: HPV positivity is defined by the presence of punctate cytoplasmic and/or nuclear staining above the signal on the dapB slide.

Shots:
4.3.1. LAB MEDIA: JoVE Fig2.tif

1. 
2. 
2.2. 

5. Conclusion (said by authors on camera)
5.1. Mindy Wang: The RNAscope assay can be completed within 8 hours if performed properly. While performing the assay, it’s critical to add sufficient solution to cover the entire tissue area (and adjust the volume according to the tissue size) at each step. It’s also important to flick the slides between steps to remove any residual buffer but yet keep the slides wet.
5.2. Mindy Wang: This technique paved the way for researchers in the field of biomarker research and diagnostic assay development to identify and validate any RNA biomarkers discovered through microarrays or next-generation sequencing studies.

       

Provided Media

1A.  51426_Schematic Overview graphics.pptx; panels A and D from ‘ACD_JoVE Fig2.tif’
4.1. – 4.3. ACD_JoVE Fig2.tif



General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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