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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
Can you record movies/images using your own microscope camera? N
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? N
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
It is basically a flow cytometry screen shot on BD DIVA software. Can I just use a still screen shot of an example for this? It is quite basic.  I can use a screen shot of the flow output on a computer near our lab area. This way we can bypass having to go to another floor to film a flow cytometry machine and the complexity of a screen capture software. Please let me know. 
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.1, 2.2, 2.6, 2.10, 3.3, 3.4, 3.7
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
3.7 
To show floating OT-1 CD8+ cells in culture is difficult (CD8+ cells are very precious and a scarce resource.) I wish to use other non-adherent cells as a mock for the floating CD8+ cells for this purpose. 
5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Vishnu Modur: Given that TEdeff cancers are a significant roadblock against immunotherapy, our pharmacological model is an advantageous tool because it suitably mimics the widespread transcriptional and epigenetic defects observed in such cancers and allows one to study these non-genetic abnormalities to gain new insights, novel uses for existing drugs, or find new strategies against such cancers.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Belal Muhammad: This is an easy-to-establish and a generalizable model to study transcriptional elongation deficient cancers, enabling one to study tumor-immune interactions, both in vitro and in vivo. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Navneet Singh: This method can also be applied to human carcinoma lines. We have tested this on T47D and CAL51 lines for a short-term giving rise to similar TEdeff-like characteristics.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Belal Muhammad: The protocol we describe here gives a basic framework to minimize the known variables critical for the generation of TEdeff-like features by chronic CDK9 inhibition. However, care must be taken to optimize the exact sublethal dose of flavopiridol for other murine lines. The impact of variation in cell plating density, culture conditions, and cytokine stimulation conditions may vary for different murine lines. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee and Institutional Biosafety Committee of the Cincinnati Children’s Research Foundation 

Section - Protocol
2. Confirmatory Assay of mRNA Processing Defects in the Generated Mouse TEdeff
2.1. Begin by extracting polyA+ (pronounce ‘poly-A-positive’) RNA from half of the previously ribosomal RNA-depleted samples using oligo dT magnetic beads [1]. Resuspend the beads in the vial by vortexing for 30 seconds and transfer 200 microliters of the beads to a tube [2]. Add an equal volume of binding buffer and mix the contents [3]. Videographer: This step is important!
2.1.1. WIDE: Establishing shot of talent at the bench preparing to extract polyA RNA.
2.1.2. Talent vortexing beads and transferring some to a tube.
2.1.3. Talent adding binding buffer to beads.
2.2. Place the tube in a magnet for 1 minute and discard the supernatant [1]. Then, remove the tube from the magnet and resuspend the washed beads in 100 microliters of binding buffer [2]. Videographer: This step is important!
2.2.1. Talent discarding supernatant from tubes in a magnet.
2.2.2. Talent resuspending beads
2.3. Adjust the volume of the ribosomal RNA-depleted sample to 100 microliters with 10 millimolar Tris-HCl at pH 7.5 [1] and add 100 microliters of binding buffer to the sample [2]. Heat the mixture to 65 C for 2 minutes to disrupt secondary RNA structures [3] and then immediately place it on ice [4].
2.3.1. Talent adjusting the volume of sample. 
2.3.2. Talent adding the binding buffer to sample.
2.3.3. Talent heating the sample.
2.3.4. Talent putting the sample on ice.
2.4. Add the 200 microliters of total RNA to the 100 microliters of washed beads [1] and mix thoroughly on a rotor for 5 minutes [2]. Place the tube on the magnet for 1 to 2 minutes [3] and carefully remove all supernatant [4], then remove the tube from the magnet and add 200 microliters of Washing Buffer [5]. 
2.4.1. Talent adding RNA to beads.
2.4.2. Beads mixing on a rotor.
2.4.3. Talent placing beads on the magnet 
2.4.4. Talent removing supernatant. 
2.4.5. Talent taking tube off the magnet and adding Washing Buffer to tube. 
2.5. Carefully mix the sample by pipetting up and down a few times [1], return the tube to the magnet for 1 minute [2], and remove the supernatant [3]. Then, use a spectrophotometer to measure the purity and concentration of the isolated bead-bound mRNA [4].
2.5.1. Talent pipetting the sample.
2.5.2. Talent putting tube on magnet. 
2.5.3. Talent removing supernatant.
2.5.4. Talent measuring concentration with spectrophotometer.

2.6. Use the remaining half of the ribosomal RNA-depleted sample as input to protein A columns to immunoprecipitate five-prime capped RNAs with monoclonal 7-methylguanosine antibody [1]. Wash the protein A magnetic beads from the RIP (‘R-I-P’) kit according to manufacturer’s protocol to pre-bind the antibody to the beads [2]. 

2.6.1. Tube with rRNA-depleted RNA 
2.6.2. Talent washing the beads.

2.7. Transfer 3 micrograms of the 7-methylguanosine antibody to the beads suspended in 100 microliters of wash buffer from the kit [1-TXT]. Incubate the mixture at room temperature for 30 minutes while rotating at low speed [2]. Then, centrifuge the tubes briefly [3] and put them on the magnetic separator [4]. Videographer: This step is important!

2.7.1. Talent putting antibodies in beads. TEXT: Use rabbit IgG as negative control
2.7.2. Mixture rotating. 
2.7.3. Talent putting the tubes in centrifuge and starting it.
2.7.4. Talent putting tubes on magnetic separator.

2.8. Remove and discard the supernatant [1], then take the tubes off the magnetic separator and resuspend the beads with 500 microliters of wash buffer [2]. Vortex the tubes, centrifuge them briefly [3], and place them back on the magnetic separator [4]. Again, discard the supernatant [5]. 

2.8.1. Talent discarding supernatant.
2.8.2. Talent resuspending beads.
2.8.3. Talent vortexing the tubes and putting them in the centrifuge.
2.8.4. Talent putting tubes on the magnetic separator. 
2.8.5. Talent discarding supernatant.

2.9. Then, add 120 nanograms of rRNA depleted RNA to the antibody-bound beads along with 1 microliter of RNase inhibitor [1] and incubate the mixture at room temperature for 60 to 90 minutes with mild agitation [2]. 

2.9.1. Talent adding RNA and RNase inhibitor to beads. 
2.9.2. Sample rotating.

2.10. After the incubation, spin down the sample and at 300 x g for 10 seconds and transfer the supernatant with the uncapped mRNA to a new microcentrifuge tube [1]. Repeat the wash 2 more times with 100 microliters of wash buffer and pool the collected supernatant [2-TXT].

2.10.1. Talent taking the sample tube out of the centrifuge and collecting the supernatant. 
2.10.2. Talent adding more supernatant to tube clearly labeled ‘uncapped RNA’ and putting the tube on ice. TEXT: Store on ice 

2.11. Elute the capped mRNA from the beads by adding 300 microliters of urea lysis buffer prepared according to manuscript directions and heating the mixture to 65 C for 2 to 3 minutes [1]. Videographer: This step is important!

2.11.1. Talent adding the lysis buffer to sample and putting it on a heating block or incubator. 

2.12. Combine 300 microliters of the eluted sample with 300 microliters of phenol-chloroform-isoamyl alcohol, invert to mix, and leave for 10 minutes [1]. Gently mix the sample again and centrifuge for 2 minutes [2-TXT]. Carefully pipette the top layer to a fresh tube and discard the bottom layer [3]. 

2.12.1. Talent combining sample with phenol-chloroform, inverting the sample, and leaving it on the work surface. 
2.12.2. Talent gently mixing the sample and putting it in the centrifuge. TEXT: Centrifuge at 18,928 x g
2.12.3. Talent pipetting top layer to a fresh tube.

2.13. Add 300 microliters of 2-propanol and 30 microliters of 3 molar sodium acetate to the sample, invert it a few times [1] and put it in -20 C for 20 hours [2]. After the incubation, centrifuge the sample for 10 minutes at 4 C [3]. Carefully discard the supernatant and dry the pellet at room temperature for 5 minutes [4]. 

2.13.1. Talent adding reagents to sample and inverting it a few times. 
2.13.2. Talent putting the sample in the freezer. 
2.13.3. Talent putting food in centrifuge and starting it.
2.13.4. Talent discarding the supernatant and leaving the pellet to dry.

2.14. Resuspend the pellet in nuclease-free water [1] and measure the purity and concentration of the RNA with a spectrophotometer [2]. 

2.14.1. Talent resuspending pellet. 
2.14.2. Talent using spectrophotometer.

3. Exploratory Assay of the Response of Mouse TEdeff Model to Antigen Specific Cytotoxic T-cell Attack 

3.1. Isolate CD8+ (pronounce ‘C-D-8 positive’) cells according to manuscript directions, then resuspend the cells in commercially available magnetic separation system buffer [1-TXT]. Add 100 microliters of antibody cocktail for every 1 milliliter of cells [2] and incubate the cells on ice for 15 minutes [3]. 

3.1.1. Talent resuspending cells. TEXT: Use 1mL buffer for every million cells
3.1.2. Talent adding antibody cocktail. 
3.1.3. Talent putting the cells on ice.

3.2. Then, add 100 microliters of magnetic beads per every 100 microliters of antibody cocktail and leave the cells on ice for another 15 minutes [1]. After the incubation, add 7 milliliters of magnetic separation buffer to the cells [2], aliquot 3 to 4 milliliters to a fresh tube [3], and place the tube on a magnet for 5 minutes [4].

3.2.1. Talent adding beads to cells and returning them to ice. 
3.2.2. Talent adding buffer to cells. 
3.2.3. Talent aliquoting cells to fresh tube. 
3.2.4. Talent putting the tube on ice.

3.3. Decant the liquid with the CD8+ cells to a fresh tube on ice [1]. Then, add the remaining 3 to 4 milliliters of cells to the magnetic beads [2] and place the tube on the magnet for 5 minutes [3]. Decant the second batch of CD8-positive cells to the tube with the first batch [4]. Videographer: This step is important!

3.3.1. Talent decanting liquid to a fresh tube on ice. 
3.3.2. Talent adding more cells to magnetic beads. 
3.3.3. Talent putting the tube with the beads on magnet. 
3.3.4. Talent decanting the liquid to the tube on ice.

3.4. Seed engineered adherent fibroblast SAMBOK (‘S-A-M-B-O-K’) cells along with the co-stimulatory molecule at 75,000 cells per well in 24-well plates [1-TXT] and culture them in a 37 C, 5% carbon dioxide humidified incubator [2]. Videographer: This step is important!

3.4.1. Talent adding cells to a few wells. TEXT: See manuscript for cell line details
3.4.2. Talent putting plate in incubator.

3.5. After 24 hours, wash the APC monolayer once with Iscove’s (pronounce ‘Is-coves’) modified Dulbecco’s medium [1] and add 0.5 x 106 naive cells in 2 milliliters of medium supplemented according to manuscript directions [2]. 

3.5.1. Talent washing plate. 
3.5.2. Talent adding cells to plate.

3.6. Culture the cells for 20 hours, then gently harvest the non-adherent OT-I (‘O-T-1’) cells by collecting the media [1] and pelleting the cells at 191 x g for 2 minutes [2]. Count the cells and seed them at a 1 to 1 ratio in a co-culture with B16/F10, untreated B16/F10-OVA (‘B-Sixteen F-ten Ova’), and B16/F10-OVA (‘B-Sixteen F-ten Ova’) cells pre-treated with flavopiridol (pronounce like this) [3]. 

3.6.1. Talent aspirating medium from wells. 
3.6.2. Talent putting cells in centrifuge and starting it. 
3.6.3. Talent seeding cells in 6-well plates.

3.7. Culture the cells for 20 hours in a 37 C, 5% carbon dioxide humidified incubator, then remove the OT-I CD8+ cells and wash the adherent B16/F10-OVA (‘B-Sixteen F-ten Ova’) cells in PBS [1]. Trypsinize the three groups of attached cells in 0.05% EDTA with trypsin for 5 minutes [2] and then pellet them at 191 x g for 5 minutes [3]. Videographer: This step is difficult and important!

3.7.1. Talent removing the CD8+ cells and washing the wells with PBS.
3.7.2. Talent adding trypsin to wells. 
3.7.3. Talent putting cells in centrifuge. 

3.8. Incubate the harvested B16/F10-OVA (‘B-Sixteen F-ten Ova’) cells in cold PBS with viability dye and relevant labeled antibodies [1], then analyze the viability with flow cytometry [2]. 

3.8.1. Cells incubating.
3.8.2. Talent using flow cytometer. NOTE: Author will also provide screen shot of flow cytometry results. 













Section – Results
4. Results: Confirmatory and Exploratory Assessment of TEdeff Cell Model
4.1. This protocol has been used to establish a transcription elongation defective cell model that shows a profound loss of phosphorylation at the serine 2 position on the C-terminal repeat domain of RNA Polymerase II and a significant decrease in H3K36me3 (‘H-3-K-thirty six - M-E-three’), which is implicated in defining exon boundaries and inhibiting run-away cryptic transcriptions [1]. 
4.1.1. Figure 3. Video Editor: Emphasize the p-Ser2 RNAPII CTD row when VO says ‘serine 2 position on the C-terminal repeat domain of RNA Polymerase II’ and the H3K36me3 row when VO says ‘H3K36me3’. 
4.2. The cells show critical mRNA processing defects with increasing ratios of improperly capped and non-poly-adenylated mRNAs [1]. Furthermore, specific repression of key inflammatory response pathway genes [2] and FasL mediated cell death are observed in this cell model [3].
4.2.1. Figure 4. 
4.2.2. Figure 5. 
4.2.3. Figure 6. 
4.3. An exploratory assay to test if the cell model confers resistance to cytotoxic T-cell attack shows that chronic flavopiridol-induced transcription elongation defects can bestow a means of escape from an anti-tumor immune attack [1].
4.3.1. Figure 7 

4.4. Flavopiridol-treated B16/F10 cells stably overexpressing the OVA (‘ova’) gene were not susceptible to CD8+ cytotoxic T cells, which have a selective toxicity towards OVA-expressing cells [1]. Cells not pre-treated with flavopiridol underwent major cell death [2], while parental B16/F10 that do not express the OVA antigen survived [3].

4.4.1. Figure 7, graph only. Video Editor: Emphasize the red bars.
4.4.2. Figure 7, graph only. Video Editor: Emphasize the blue bars.
4.4.3. Figure 7, graph only. Video Editor: Emphasize the grey bars.




Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

5.1. Navneet Singh: It is important to remember that a reduction in pSER2 and H3K36me3 levels on 25 nM flavopiridol treatment does not guarantee a repression of both pSTAT1 and pNFκB levels. Each mouse carcinoma cell line is unique and JAK1 or CCNT1 may rescue the effects of flavopiridol. 

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

5.2. Vishnu Modur: Additionally, this model can be used in vivo to monitor the resistance TEdeff cancers offer against innate and adaptive anti-tumor immune responses. For example, Anti-asialo treatments could be used to regulate the activity of NK cells and immune checkpoint therapy can be administered to TEdeff tumor-bearing mice. 

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


5.3. Vishnu Modur: The tumor infiltrating lymphocyte, or TIL, load is an indicator of success in immunotherapy. Our model has paved the way for us to explore the extent of activation and exhaustion of TILs in the TEdeff cancer micro-environment before and after immunotherapy. 

5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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