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Authors: please fill out the brief questionnaire below.   There are two additional questions to answer beyond the initial questionnaire using the numbering from this document.  THANKS!
Questionnaire:

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

Can you record movies/images using your own microscope camera? (Y/N)___Y______  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

C.  Location: Will the filming need to take place in multiple locations? (Y/N) ___N 
E.  Which specific actions during your protocol will viewers benefit most from seeing performed in the video? 
2.1.3, 2.6.1, 2.7.1, 2.8.1, 2.8.2, 3.3.1, 3.3.2 
F.  What is the single most difficult aspect of this procedure and what do you do to ensure success?

There are two challenges with this protocol, 1) ensuring the sensitivity of the hybridization is adequate to detect the microRNA of interest (may need to perform qPCR to ensure microRNA transcripts are in fact detected in tissue examined) and 2) confirming that the antibody used to detect the protein of interest works on paraffin sections (may need to try different ones on paraffin immunohistochemistry before choosing one for this protocol).  

1. Introduction 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this in situ hybridization protocol is to provide simultaneous detection of micro-RNA and protein molecules on the same tissue section. (Intro)
B.  Introduction Interview (said by you on camera – don’t forget to smile!)
1.1. Irinna Papangeli: This method can help answer key questions in the microRNA field by providing the tools to detect relative localization of microRNA and protein molecules. 
1.2. Irinna Papangeli: The main advantage of this technique is that microRNA and protein molecules can be detected on the same tissue section.   
Protocol: (read by voice talent at JoVE)

(Editor: The authors said the videographer would provide all the notes. The videographer said that they were often lost at the authors changes, and that the author forgot some of her changes, so additional changes will likely happen once they review this.)
2. Tissue Preparation
2.1. This protocol begins with a rehydration of the slide-mounted tissues. [1.WID] Warm the slides at 60 °C for 10 minutes, in the hybridization oven. [2.MED] The paraffin should be visibly melting.  [3.ECU]
2.1.1. Load slides onto slide rack
2.1.2. Place slide rack in oven
2.1.3. Slides with melted paraffin
2.2. Then, incubate the slides in a glass coplin jar containing commercially [1.MED-TXT] available clearing agent for 10 minutes.  Do this twice.  [2.CU-TXT]
2.2.1. Setting up jar with clearing agent, TEXT: All washes are 50 mL in glass Coplin jars.
2.2.2. Immersing slides in jar, TEXT: Clearing agent 2x, 10 min
2.3. Next, transfer the slides from wash to wash to rehydrate the tissues. [1.MED-TXT]
2.3.1. Show a series of jars labeled with the relevant solutions. TEXT: See the text protocol for details.
2.4. Once hydrated, incubate the tissues in Proteinase K working solution, at 37 °C for 15 minutes. [1.WID-TXT] To remove the proteinase K, wash the slides in 1x PBS, two times.  [3.MED]
2.4.1. Tranferring slides into PK working solution and then placing it in the hybridization oven or water bath, TEXT: 20 μg/mL, 37 ºC, 15 min
2.4.2. Remove the PK solution and replace with PBS, twice.
2.5. Now, fix the tissues. First make reservoirs on the slides [1.MED] using a hydrophobic pen to draw a water repellent circle around the preparations. [2.ECU]
2.5.1. Circling tissues on slides with pen [Shots 2.5.1 and 2.5.2 combined]
2.5.2. Circling tissues on slides with pen, closer angle, different slide
2.6. Next, apply 500 µL of 4% PFA solution within the barrier and incubate the slides in the fume hood. [1.MED-TXT] To remove the fixative, wash the slides in a Coplin jar containing PBS [2.CU] for five minutes, two times, at room temperature. [3.MED]
2.6.1. Adding PFA to the circles on the slides, in the fume hood, TEXT: 10 min, RT [Shots 2.6.1, 2.6.2, and 2.6.3 combined]
2.6.2. Transferring slides from lying flat in a slide box, into a coplin jar containing PBS
2.6.3. Remove the first PBS wash and add the second PBS wash in the same coplin jar 
2.7. Next, wash the slides in 0.13 Molar 1-methylimidazole for 10 minutes. [1.MED] Do this in the fume hood, at room temperature and perform this wash twice. [2.MED]
2.7.1. Adding 0.13 Molar 1-methylimidazole to the coplin jar containing the slides, in the fume hood. [Shots 2.7.1 and 2.7.2 combined]
2.7.2. Removing the first 0.13 Molar 1-methylimidazole wash and adding the second 0.13 Molar 1-methylimidazole wash to the same coplin jar, also, show the discarding of the waste solution
2.8. Next, apply 500 µL of 0.16 Molar EDC to each slide and incubate the slides horizontally, for one hour, at room temperature, [1.CU] in a humidified chamber in the fume hood. [2.MED] 
2.8.1. Adding EDC to slides, which are in the humidified chamber
2.8.2. Closing lid of humidified chamber and starting a timer 
2.9. After the EDC fixation, rinse off the slides in 50 mM Tris at room temperature, [1.CU-TXT] followed by two rinses in PBS. [2.MED]
2.9.1. Loading slides into coplin jar and add Tris wash, have stock bottle with label near wash to show wash content, TEXT: 50 mM Tris, pH 8.0
2.9.2. Replace Tris wash with two consequtive PBS washes 
3. Probe Hybridization
3.1. To prepare for the hybridization, first build a humidified chamber. [1.MED] Load two pieces of filter or tissue paper into the bottom of a box [2.CU] and wet the paper with a one-to-one mixture of formamide and 1X SSC. [3.MED]
3.1.1. Opening chamber lid, loading papers into it [Shots 3.1.1 and 3.1.2 combined]
3.1.2. Adding solution to paper in chamber
3.2. Next, apply 200 µL of pre-warmed hybridization solution to each slide [1.MED] and incubate the humidified chamber of slides for one to three hours at 50 °C.  [2.CU-TXT]
3.2.1. Loading slides into box and adding hyb solution to slide [Shots 3.2.1 and 3.2.2 combined]
3.2.2. Continuing to add hyb solution to slides, TEXT: 50 ºC, 1 – 3 h
3.3. After the incubation, replace the hybridization solution with 250 µL of probe solution [1.MED] and cover the slides with an RNase-free coverslip. [2.CU] Try to avoid the trapping air bubbles under the coverslip. [3.ECU]
3.3.1. Removing hyb solution from slide and adding probe solution [Shots 3.3.1 and 3.3.2 and 3.3.3 combined]
3.3.2. Placing slides back in the clamber and applying cover slips
3.3.3. Applying the next coverslip, show in greater detail
3.4. Now, carefully seal the chamber with parafilm and incubate the slides overnight at [1.MED] approximately 30 °C below the RNA melting temperature of the probe. Optimization may be required. [1.WID-TXT]
3.4.1. Sealing the box [Shots 3.4.1 and 3.4.2 combined]
3.4.2. Transferring the box to the incubator, TEXT: 50 °C for micro RNA-182 probe
3.5. Irinna Papangeil: In addition to setting the right incubation temperature, different micro RNAs are expressed at different levels, so optimization regarding the probe concentration may also be required to get the optimal signal. [1.MED/WID]
3.5.1. Interview at bench
3.6. Following the hybridization, perform the stringency washes. First, wash in 2x SSC at 50 °C [1.WID] for 5 minutes, or until the coverslips loosen. [2.ECU] Then, preform two washes in 2x SSC at room temperature, each for 5 minutes. [3.MED-TXT]
3.6.1. Placing slides into a coplin jar that contains 2x SSC wash, in incubator at 50 oC (Videographer Comment: Performed it differently than written, unsure why.  I believe it wasn’t explained right. May have to refer to her.  I have that 7224 is the one she wanted.  (Only issue is that it has my notes in back etc.. but no one may notice what it is.))
3.6.2. Checking for loose coverslips 
3.6.3. Remove 2xSSC and replace with fresh 2xSSC, leave on bench for 5 min, TEXT: Wash 2x, 2X SSC
3.7. Then, continuing at room temperature, wash the slides for five minutes in 0.2x SSC, followed by [1.MED] five minutes in PBST and finally, five minutes in 1x PBS. [2.CU] At this point, the RNA-RNA hybrids are stable and RNA-stringent conditions are no longer needed. [3.MED]
3.7.1. Replacing the wash solution with 0.2x SSC – easily read labels on the stock bottles, throughout, will help [Shots 3.7.1, 3.7.2, and 3.7.3 combined]
3.7.2. Replace the solution with PBST
3.7.3. Replacing the solution with PBS
4. DIG Antibody Detection
4.1. For DIG antibody detection, first touch up the hydrophobic barriers [1.CU] and apply 500 µL of blocking solution for 30 minutes.  [2.MED] Incubate the slides at room temperature, in a humidified chamber.  [3.CU]
For DIG, do you prefer we say D-I-G or dig?
4.1.1. Fixing hydrophobic barriers with pen (on slides) [Shots 4.1.1, 4.1.2, and 4.1.3 combined]
4.1.2. Loading slides into humidified chamber
4.1.3. Adding block solution to slides
4.2. Next, remove the the blocking solution and replace it with 500 µL of DIG antibody solution. [1.CU] Incubate the slides at room temperature, in a humidified chamber for an hour. [2.MED-TXT] Then, using Coplin jars, wash the slides three times in PBST for five minutes per wash. [3.MED]
4.2.1. Remove block solutions from slides
4.2.2. Adding DiG Ab solution to slides

4.2.3. Transferring slides from chamber to a coplin jar containing PBST (add a caption saying this should be changed 3 times)
4.3. Next, wash the slides in pre-staining solution for 5 minutes, twice.  [1.MED] Then, transfer the slides to a polypropylene slide mailer jar and add 20 mL of AP-substrate solution. [2.MED] Now, incubate the slides at 37 °C, for 6 to 24 hours, protected from light.  [3.CU-TXT]
4.3.1. Place slides in a polypropylene slide mailer jar containing pre-staining solution (add a caption saying this should be changed 2 times) (Videographer Comment: (HEAVILY stressed it must be done and probably shown 2 times so we shot it twice in one clip.))
4.3.2. Replacing pre-staining solution with AP-substrate solution 
4.3.3. Wrapping the mailer jar in aluminum foil and placing it into 37 ºC incubator or water bath, TEXT: 37 ºC, 6 – 24 h
4.4. When first using AP-substrate, it is important to follow the reaction. [1.CU] On two hour intervals check the color development on the slides [2.MED] until an optimal incubation time has been determined. [3.LM-TXT]
4.4.1. Removing slides from the container to check them [Shots 4.4.1, 4.4.2, and 4.4.3 combined] (Videographer Comment: (no equipment to use at the time so just a shot of her unwrapping and then goes to Lab Media, refer to her for clarity.))
4.4.2. Setting up a slide to get an idea of the color development at scope?
4.4.3. Figure 2B, TEXT: Good color development
4.5. To remove the excess AP-substrate, wash the slides twice in KTBT solution [1.MED-TXT] for five minutes per wash, followed by one wash in PBS for five minutes. [2.MED]
4.5.1. Transferring slides into a coplin jar with KTBT, starting timer, TEXT: Wash 2X, KTBT, 5 min / wash
4.5.2. Replacing KTBT wash with PBS , starting timer
5. cTNT Antibody Detection and DAPI Staining 
5.1. To detect the cTnT antibody, first block the tissues for an hour.  [1.MED-TXT] Then, apply 200 µL of cTnT antibody solution [2.CU] and incubate the slides overnight at 4 °C, in a humidified chamber.  [3.MED]
How do you say cTNT?
5.1.1. Setting up the block incubation, setting timer for 1 hour (slides are already in humidified chamber), TEXT: See text protocol for details. [Shots 5.1.1 and 5.1.2 combined]
5.1.2. Adding Ab solution to slides
5.1.3. Placing humidified chamber at 4 ºC
5.2. The next day, wash the slides in a Coplin jar containing PBS for five minutes. Do this three times.  [1.MED-TXT] Then, apply 250 µL of anti-rabbit-568 antibody solution [2.CU] and incubate the slides for an hour at room temperature in a humidified chamber. [3.MED]

5.2.1. Placing slides in a coplin jar containing PBS, TEXT: Wash 3X, PBS [Shots 5.2.1, 5.2.2, and 5.2.3 combined]
5.2.2. Placing slides back in the humidified chamber
5.2.3. Loading 2º Ab onto slides, starting 1 h timer
5.3. To wash out the excess secondary antibody, use three five-minute washes in PBS. [1.MED-TXT] Then, if desired, apply 250 µL of DAPI working solution and incubate the slides [2.CU] for one minute, protected from light. [3.MED]
5.3.1. Placing slides in a coplin jar containing PBS, TEXT: Wash 3X, PBS [Shots 5.3.1, 5.3.2, and 5.3.3 combined]
5.3.2. Placing slides back in the humidified chamber and adding DAPI to slides
5.3.3. Covering slides, starting timer 
5.4. To remove the excess DAPI stain, use two five-minute PBS washes and, after the washes, mount the slides. [1.MED]
5.4.1. Transferring slides to PBS wash, starting timer, then changing wash solutions
6. Results: PIGF-overexpressing Heart Tissue and miRNA-182 Expression
6.1. Micro-RNA in situ hybridization was optimized on mouse heart sections using a scrambled micro-RNA for negative control [1.LM] and U6-snRNA as a positive control. [2.LM]
6.1.1. Fig 1A
6.1.2. Fig 1B
6.2. Cardiomyocyte-specific expression of micro-RNA-182 was assessed in heart sections from control and PlGF-overexpressing mice. The mice carried a PlGF transgene under an alpha-MHC promoter and developed cardiac hypertrophy, secondary to increased angiogenesis, within 6 weeks of transgene activation. [1.LM]  The staining protocol revealed increased expression of micro-RNA-182 in the hearts of PlGF mice. [2.LM]
6.2.1. Fig 2A, Fig 2B – side by side
6.2.2. Zoom in on Fig 2B
6.3. Next, to determine which cell types expressed micro-RNA-182, the same sections were immunostained for cTnT. [1.LM]  DAPI staining was also used.  [2.LM] In both control and PIGF mouse heart sections, micro-RNA-182 was found in the nuclear compartment of cTnT-positive cardiomyocyte cells. [3.LM]
6.3.1. Fig 2C – label “control”, Fig 2D – label “PIGF” – show these two images side-by-side (like seen in 6.2.1), move the cTNT title to above the images
6.3.2.  Fig 2E – label “control”, Fig 2F – label “PIGF” – show these two images side-by-side, move the DAPI title to above the images
6.3.3. Fig 2G – label “control”, Fig 2H – label “PIGF” – show these two images side-by-side, move the Merge title to above the images and exchange it for “miRNA-182, cTNT, DAPI merge” 
7. Conclusion (said by authors on camera)
7.1. Irinna Papangeli: After watching this video, you should have a good understanding of how to perform micro-RNA in situ hybridization followed by protein immunostaining.

7.2. Irinna Papangeli: While attempting this procedure, it’s important to remember to keep RNAase free conditions throughout Day 1, during all steps leading up to probe hybridization.

7.3. Irinna Papangeli: Following this procedure, other methods like western blotting and/or real time PCR can be performed in order to answer additional questions like “what are the relative levels of this micro-RNA or protein in different tissues”.
7.4. Irinna Papangeli: Don't forget that working with fixatives such as PFA and EDC can be extremely hazardous and precautions such as wearing gloves and lab coats as well as using fume hoods should always be taken while performing this procedure.   
Provided Media

6.1.1. Memietal-Jove-mir182-Fig1a – image of mouse heart tissue stained with negative control for micro-RNA hybridization at 20x

6.1.2. Memietal-Jove-mir182-Fig1b – image of mouse heart tissue stained with positive control for micro-RNA hybridization at 20x

6.2.1. Memietal-Jove-mir182-Fig2a – image of control mouse heart tissue stained with miRNA-182 at 20x

6.2.1. Memietal-Jove-mir182-Fig2b – image of PlGF mouse heart tissue stained with miRNA-182 at 20x

6.3.1. Memietal-Jove-mir182-Fig2c – image of control mouse heart tissue stained with cTnT at 20x
6.3.1. Memietal-Jove-mir182-Fig2d – image of PlGF mouse heart tissue stained with cTnT at 20x

6.3.1. Memietal-Jove-mir182-Fig2e – image of control mouse heart tissue stained with Dapi at 20x
6.3.1. Memietal-Jove-mir182-Fig2f – image of PlGF mouse heart tissue stained with Dapi at 20x

6.3.1. Memietal-Jove-mir182-Fig2g – merged image of control mouse heart tissue stained with miRNA-182, cTnT and Dapi at 20x
6.3.1. Memietal-Jove-mir182-Fig2h – merged image of PlGF mouse heart tissue stained with miRNA-182, cTnT and Dapi at 20x

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 are included in the email accompanying the finalized script.
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