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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? Y
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.

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
2.3
3.1
3.2
3.3
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.)

5. Will the filming need to take place in multiple locations? N


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. Pierpaolo Peruzzi: This protocol allows the simultaneous modulation of many microRNAs at once within eukaryotic cells and it has significant translational relevance for gene therapy strategies [1].
1.1.1. INTERVIEW

1.2. Pierpaolo Peruzzi: Our method is very simple, flexible and minimizes lengthy molecular cloning for the engineering and production of multi-microRNA transgenes for both in vitro and in vivo applications [1]. 
1.2.1. INTERVIEW
Author comment: 1.1 and 1.2 were merged as a single interview

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

1.3. Pierpaolo Peruzzi: This technique has implications for the study of microRNA functional interactions in vitro, but, more importantly, it provides a platform for a more effective use of microRNA in therapy. We have mainly developed and used used it in the context of brain cancer, but it applies to any diseases where multiple alterations of gene expression are involved [1]. 
1.3.1. INTERVIEW

1.4. Vivek Bhaskaran: We have tested our artificial transgenes in other models such as breast and thyroid cancer lines showing the reproducibility of this technique.
1.4.1. INTERVIEW

1.5. Vivek Bhaskaran: Basic knowledge of bioinformatics and microRNA biology is helpful for this protocol, but not indispensable.  A bioinformatics approach is important to define relevant microRNA combinations at the theoretical level, while familiarity with the microRNA processing machinery is important to understand how these different microRNAs can be assembled into artificial DNA clusters that can be successfully processed once delivered to receiving cells. 
1.5.1. INTERVIEW



Section - Protocol
2. Induction of Cell Differentiation
2.1. To coat dish, first dissolve poly-D-lysine in water at a concentration of 100 micrograms per milliliter [1]. Pour the solution into a dish at the amount of 1 milliliter of solution per 25 square centimeters surface, swirl the dish to make sure of coverage of the whole dish [2].
2.1.1. Talent makes a PDL solution.
2.1.2. Talent pours the solution into a dish and swirls.
2.2. After 6 hours, aspirate the poly-D-lysine solution and rinse twice with PBS [1]. Plate human neural stem cells in the amount of 100,000 cells per 5 milliliters of medium, either in stem cell medium astrocytic differentiation medium, or neuronal differentiation medium [2-TXT].
2.2.1. Talent rinses the dish with PBS.
2.2.2. Talent adds stem cells into the dish. TEXT: See manuscript for media preparation. Video editor: Show text when VO begins to say “either in”
2.3. After cell plating, place the dish in an incubator at 37 degrees Celsius and 5% carbon dioxide for 1 week [1], and proceed to perform miRNA (pronounce as micro-R-N-A) expression analysis according to the manuscript [2-LM].
2.3.1. Talent places the dish into incubator.
2.3.2. Figure showing cells at different differentiation state. (Differentiation JOVE.psd)
3. Validation of miRNA Clusters by Stress-specific Challenges
3.1. To culture G34 (pronounce as G-B-M thirty-four) glioblastoma stem-like cells, start with 1 x 106 cells in 5 milliliters of neurobasal medium in a 25 square-centimeter low attachment flask [1-TXT]. Place the flask into an incubator at 37 degrees Celsius and 5% carbon dioxide [2].
3.1.1. Talent adds cell culture into a flask containing media. TEXT: Day 1
3.1.2. Talent places the flask into an incubator.
3.2. Forty-eight hours after plating, add doubling concentrations of DNA alkylating agent temozolomide every 7 days. Start with addition of 5 micromolar TMZ supplemented in 5-milliliter media[1-TXT] for 5 days. After 5 days, remove the medium and replace with fresh medium without temozolomide, to allow the surviving cells to recover [2-TXT].
3.2.1. Talent adds agent into the flask. TEXT: Day 3
3.2.2. CU: Talent removes and adds agent into the flask. TEXT: Day 8 Videographer: Take multiple shots, as this will be used later.
3.2.2.A [Split Shot] Removing from incubator
3.2.2.B [Split Shot] Adding reagent
3.3. After 48 hours, add 10 micromolar temozolomide and incubate for another 5 days [1-TXT]. Repeat the doubling temozolomide treatment, until a concentration of at least 100 micromolar is reached and cells become resistant to the drug [2].
3.3.1. Use 3.2.2. TEXT: Day 10
3.3.2. Use 3.2.2. TEXT: Day 32 
3.4. After the induction of resistance, lyse cells using 1 milliliter of lysis reagent, extract total RNA, and analyze the expression of the specific miRNAs (pronounce as micro-R-N-eighs) according to the manuscript [1].
3.4.1. Talent takes out the dish from the incubator and adds solution into the dish.
3.4.1.A [Added Shot] Taking out of incubator
4. Characterization of The Functional Convergence of Clustered miRNAs
4.1. To obtain the predicted targetome of each miRNA previously defined, use miRNA targeting prediction tools [1]. From the front page of Targetscan, select the miRNA of interest from the pre-populated drop-down menu. Click the Submit button. Download the resulting list of targets as a spreadsheet using the Download table link [2].
4.1.1. Talent sits in front of the computer and opens the software.
4.1.2. SCREEN: Talent selects the miRNA, and submits, and downloads. (60215_screenshot_1.mp4 00:10-00:45)
4.2. To decrease the chances of false positive predictions, include only targets within the conserved sites column in downstream analyses. Additional miRNA prediction programs obtain further stringency and only include targets that are common to all algorithms [1].
4.2.1. SCREEN: Talent points to the targets, and points to other programs. (60215_screenshot_1.mp4 00:46-01:04)
4.3. Then, open ToppGene Suite20 (pronounce as suite-twenty). To evaluate for the enrichment of pathways that are common to each miRNA, paste the list of targets obtained in the “Training gene set” window. Click on HGNC (pronounce as H-G-N-C) symbol as the entry type [1].
4.3.1. SCREEN: Talent pastes the list of targets, and clicks on entry type. (60215_screenshot_2.mp4 00:02-00:36)
4.4. Click Submit…, and Start. The program provides an output table showing the most significant “GO” (pronounce as G-Oh) categories for the entered list of genes [1].
4.4.1. SCREEN: Talent submits and shows the output table. (60215_screenshot_2.mp4 00:37-01:29)
4.5. To finally establish the contribution of each miRNA to the regulation of a common pathway or cellular process, open the Venn diagram function provided in the Bioinformatics and Evolutionary Genomics website [1].
4.5.1. SCREEN: Talent shows the function from the website. (60215_screenshot_3.mp4 00:02-00:20)
4.6. Check each obtained targetome against the full list of genes involved in the specific cellular process. If target mRNAs (pronounce as messenger RNAs) for each miRNA (pronounce as microRNAs) or interest are in the respective windows, upload or copy paste the list. Name each list with a unique identifier [1].
4.6.1. SCREEN: Talent checks the obtained targetome and the full list of genes, then shows the target in the window, uploads the lists, and names the lists. (60215_screenshot_3.mp4 00:20-01:52)
4.7. Click Submit. The program provides a visual output of a Venn diagram with numbers of genes in each sector, as well as a full list of mRNAs for each subset and intersection combinations [1]. 
4.7.1. SCREEN: Talent submits, and shows the visual output. (60215_screenshot_3.mp4 01:52-02:36)
5. Assembly of miRNA Modules into a Polycistronic Transgenic Cluster
5.1. To group the selected microRNAs into a functional transgene, obtain a transgenic scaffold based on miR-17-92 (Pronounce as mir-seventeen-ninety-two) cluster locus, obtain the nucleotide sequence from the Ensembl genome browser [1].
5.1.1. SCREEN: Talent works on Ensembl genome browser. (60215_screenshot_4.mp4 00:01-00:26)
5.2. Select the ~800 base pair “core” sequence encompassing all six encoded miRNA hairpins of the locus and at least 200-nucleotide flanking sequences both upstream and downstream of the core sequence. Paste the sequence into any word editing program [1].
5.2.1. SCREEN: Talent selects the sequences, and pastes. (60215_screenshot_4.mp4 00:27-01:13)
5.3. Define the sequence of each one of the six native hairpins by retrieving them in miRBase (pronounce as mir-base). Mark each one of these sequences within the span of the previously identified “core” sequence. Any sequences between each hairpin represent spacer sequences [1].
5.3.1. SCREEN: Talent defines the sequences, and marks them.Then, points to the sequences between each hairpin. (60215_screenshot_4.mp4 01:14-02:45)
5.4. Next, obtain the hairpin sequences of miRNAs intended to be overexpressed in the transgene from miRBase (pronounce as mir-base). Carefully note the specific nucleotides that are the sites of microprocessor cleavage [1-TXT]. 
5.4.1. SCREEN: (60215_screenshot_4.mp4 02:46-03:44)
5.5. Delete the native hairpin sequences from the “core” sequence, with the exception of 3–5 nucleotides at both the 5 and 3 ends of each hairpin, which will serve as an acceptor for the new hairpins. Paste the hairpin sequences of the desired miRNAs to replace the previously deleted hairpins [1].
5.5.1. SCREEN: (60215_screenshot_4.mp4 03:45-04:00)
5.6. Add desired restriction sequences at both flanking regions of the transgene to facilitate subcloning into delivery vectors of choice. Verify that the chosen restriction sequences are not present within the sequence itself [1].
5.6.1. SCREEN: (60215_screenshot_4.mp4 04:00-04:12)
5.7. To verify the two-dimensional structure of the transgene, copy the full transgenic sequence into the RNA structure prediction software program RNAweb Fold (pronounce as R-N-A-web-Fold). Select standard program settings, and click Proceed [1]. 
5.7.1. SCREEN: (60215_screenshot_4.mp4 04:16-04:48)
5.8. Analyze the graphical output, particularly for the presence of well-defined hairpins and presence of double-stranded stem structures that are at least 11 nucleotides proximal to the microprocessor cleavage site. Also, look for the absence of branching points within the hairpin sequences [1].
5.8.1. SCREEN: (60215_screenshot_4.mp4 04:49-05:15)
5.9. At this point the transgene is ready to be produced by gene synthesis and cloned into the desired delivery vectors [1].
5.9.1. SCREEN: Talent shows the ready transgene. (60215_screenshot_5.mp4)



Section – Results
6. Results: Functional miRNA Module and Transgene Processing
6.1. This method allowed characterization of a module of three miRNAs that are consistently downregulated in brain tumors, which are co-expressed specifically during neuronal differentiation [1].
6.1.1. Figure 1A and 1B – Video editor: Show the graph without the red circle. 
6.2. Co-expression patterns of miRNA modules during genotoxic stress were confirmed [1], and suggested a strong synergistic activity among these three miRNAs [2].
6.2.1. Figure 2
6.3. The designed transgene [1] could simultaneously recapitulate the expression of the three miRNAs in glioblastoma cells, both in vitro and in vivo, with significant interference in tumor biology and promising translational applicability [2]. 
6.3.1. Figure 5 – Video editor: Emphasize A&B&C. 
6.4. Additionally, the transgenic cluster was also functional in a breast cancer model [1]. 
6.4.1. Figure 5 – Video editor: Emphasize D&E. 



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Pierpaolo Peruzzi: The crucial requirements of this protocol are keeping the original sites of Drosha cleavage unchanged and make sure that there is a long enough stem structure proximal to the cleavage site, to allow proper processing [1].
7.1.1. INTERVIEW  
7.2. Pierpaolo Peruzzi: With this method we can concentrate multiple biologically active microRNA genes into very short DNA sequences which can virtually be fitted into any delivery vectors for gene therapy use [1]. 
7.2.1. INTERVIEW  
7.3. [bookmark: _GoBack]Vivek Bhaskaran: This method is ideal to study the functional interaction among different microRNAs, and to interfere with complex, multifactorial cellular pathways which would otherwise require multiple drug combinations [1]. 
7.3.1. INTERVIEW  
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