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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   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___ 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.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.4-3.9, 4.1-4.3__

D.  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.) __4.3 Mark the injected position carefully._

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? __

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this experiment is to examine the efficacy and toxicity of multiple exon skipping using cocktail antisense oligonucleotides, or AONs, in a dog model of Duchenne muscular dystrophy, or DMD. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Author Name: Takeda S. This method can help answer key questions in translational research of antisense exon skipping therapy, such as whether AONs can induce multiple exon skipping and restore dystrophin expression in a large animal model. 

1.2. Author Name: Nichols B. The main advantage of this study in the dog model is that therapeutic outcomes derived from these large animals can be more reliably extrapolated to DMD patients. 

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

1.3. Author Name: Yokota T. Though exon skipping is very promising therapy for DMD, it can also be applied to other genetic diseases, such as dysferlin deficient muscular dystrophy, and congenital muscular dystrophy.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Author Name: Takeda S. Demonstrating the in vitro experiments will be Dr. Yoshitsugu Aoki, a laboratory chief [1.4.2], and demonstrating the in vivo experiments will be Dr. Mutsuki Kuraoka, a postdoctoral fellow from my department [1.4.3].
1.4.1. Interview style: Author saying the above 

1.4.2. The named lab chief looks up from workbench or desk or microscope and acknowledges the camera.
1.4.3. The named post doc looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. All protocols listed below are in accordance with the animal care guidelines set forth by the National Center of Neurology and Psychiatry (NCNP) in Japan. All experiments were approved by the Institutional Animal Care and Use Committee of the NCNP.
Protocol (read by voice talent at JoVE):

2. 2'OMePS Transfection of Dog Myoblasts
2.1. After designing AONs according to the text protocol, use 6-well plates to seed 1 – 5 x 103/cm2 CXMD myoblasts in 3 ml of DMEM with 10% FBS and 1% Pen/Strep [2.1.1-WIDE/MED].  Incubate the cells at 37 degrees C until 60-80% confluent [2.1.2-WIDE-TXT].

2.1.1. Talent under hood plating cells in DMEM/FBS/Pen-Strep

2.1.2. Talent places plates into incubator (TEXT: ~12-24 hrs); B Another version for 2.5.2 below; C Need another version for 2.6.2 below; D need another version for 3.3.1 below  

2.2. When the cells reach the desired confluence, use reduced serum medium to dilute a cationic liposome transfection agent to a total volume of 100 ul and allow the mixture to stand at room temperature for 30 – 45 minutes [2.2.1-MED/CU-TXT]. 
2.2.1. Talent dilutes transfection reagent, places tube in rack and sets a timer for incubation
2.3. Then with reduced serum medium, dilute the AONs to a final volume of 100 ul [2.3.1-CU-TXT].
2.3.1. Talent dilutes AONs in reduced serum medium (TEXT: 2:1 ratio transfecting agent: AONs; e.g., 10 µL lipofectin vs 5 µg AONs).  
2.4. Combine the diluted transfection reagent with the diluted AONs and incubate at room temperature for 10-15 minutes [2.4.1-CU].  In the meantime, remove the medium from the cells and use fresh medium to wash the cells three times [2.4.2-MED/CU].
2.4.1. Talent combines transfection reagent and AONs and sets timer

2.4.2. Talent removes medium from cells and adds fresh medium to wash

2.5. Next, add 0.8 ml of medium to the transfection mixture and then add the entire solution to the freshly-washed cells [2.5.1-CU].  Incubate at 37 degrees C for 3 hours [2.5.2-WIDE].
2.5.1. Talent adds medium to transfection mixture then adds solution to freshly-washed cells

2.5.2. Use 2.1.2B here  

2.6. Then add differentiation medium, or DM to the cells [2.6.1-CU-TXT] and incubate for up to 10 days for differentiation to occur [2.6.2-WIDE].  Beginning around day 3, check for differentiation [2.6.3-MED].
2.6.1. Talent adds differentiation medium to cells (TEXT: DMEM, 2% horse serum, 200 U/mL penicillin, 200 mg/mL streptomycin, 10 µg/mL insulin)
2.6.2. Use 2.1.3C here
2.6.3. Talent sits at microscope with a plate of cells, places cells on stage, and looks at them through oculars


3. Morpholino Transfection of Dog Myoblasts and RNA Extraction
3.1. To perform morpholino transfection of dog myoblasts, culture CXMD myoblasts as demonstrated earlier in this video [3.1.1-MED/CU].  Heat cocktail morpholinos at 65 degrees C for 10 minutes [3.1.2-MED/CU] then add a peptide delivery reagent and adjust the morpholino to a final concentration of 3 - 6 uM [3.1.3-CU]. 

3.1.1. Talent working under hood plating CXMD cells into 6-well plates

3.1.2. Talent places morpholino tubes in heat block or water bath at 65(C

3.1.3. Talent adds peptide delivery reagent while diluting morpholino
3.2. Next, use DM to replace the medium in the myoblasts [3.2.1-CU] and add the morpholino to each well at a final concentration of 1 uM [3.2.2-CU]. 

3.2.1. Talent adds DM to wells of myoblasts

3.2.2. Talent adds morpholino to each well
3.3. Incubate for 16-18 hours [3.3.1-WIDE-TXT] then to collect the cells for RNA extraction, add 1 ml of guanidinium thiocyanate phenol chloroform to the cells to detach them from the plate [3.3.2-CU-TXT].
3.3.1. Use 2.1. 2D here (TEXT: 37(C)

3.3.2. Talent adds solution to wells to detach cells (TEXT: alternatively, add trypsin according to the text protocol)

3.4. After incubating the cells at room temperature for 10 minutes, transfer the cells into 1.5 ml tubes [3.4.1-CU].  Add 200 ul of chloroform to each tube and incubate at room temperature for 2 minutes [3.4.2-CU] until three separate layers can be seen:  the RNA layer, the DNA layer, and the protein layer [3.4.3-CU/ECU].
3.4.1. Talent opens plate and pipettes up contents from a well and transfers into a tube

3.4.2. Talent adds chloroform to tubes and sets down to incubate 

3.4.3. Talent holds up tube and three layers can be seen; Talent points out the three layers from top to bottom, Editor, point out the three layers when mentioned

3.5. Centrifuge the tubes at 12,000 x g and 4 degrees C for 15 minutes [3.5.1-MED].  Then remove the top layer of supernatant [3.5.2-ECU] and transfer to a tube containing 500 ul of isopropanol [3.5.3-CU-TXT].
3.5.1. Talent places tubes into centrifuge and sets speed and time with temp already set up; B need another version for 3.6.1 below; C need another version for 3.7.2 below

3.5.2. Talent pipettes up top layer from a tube

3.5.3. Film as written (TEXT: can store at -80°C at this point)  

3.6. Spin the supernatant tubes [3.6.1-MED-TXT] before removing the supernatant and saving the RNA pellet [3.6.2-CU/ECU].
3.6.1. Use 3.5.1B here (TEXT: 12,000 x g, 4°C, 10 min)

3.6.2. Talent removes supernatant from a tube with pellet visible if possible

3.7. Use ethanol to wash the pellet [3.7.1-CU] and centrifuge at 8,000 x g and 4 degrees C for 5 minutes [3.7.2-MED].  Invert the tube for 15 minutes to evaporate the residual ethanol [3.7.3-CU] before adding 15-30 ul of RNase-free water [3.7.4-CU].  Then use UV/VIS spectroscopy at 260 nm to quantify the RNA [3.7.5-CU].
3.7.1. Talent adds ethanol to pellets

3.7.2. Use 3.5.1C here

3.7.3. Talent inverts tubes on bench

3.7.4. Film as written

3.7.5. Talent adds sample to spectrophotometer

3.8. To carry out RT-PCR, mix together the following reagents and add water to a final volume of 25 ul [3.8.1-MED/CU][3.8.2-LM]. 

3.8.1. Talent combines reagents listed in table and adds water at end  

3.8.2. LAB MEDIA Tables for JOVE 12182015ty.pptx, Editor, place as an inset into 3.8.1
3.9. Place the samples in a thermocycler and run the following program [3.9.1-MED/CU][3.9.2-LM].  When the run is complete, store the product at 4 degrees C or -20 degrees C [3.9.3-WIDE/MED].
3.9.1. Talent finishes placing samples into thermocycler and programs machine
3.9.2. LAB MEDIA Tables for JOVE 12182015ty.pptx, Editor, use as an inset for 3.9.1
3.9.3. Talent places samples into fridge or freezer (TEXT: carry out cDNA sequencing according to text protocol)
4. Intramuscular Injections or Open Muscle Biopsy
4.1. To carry out an intramuscular injection, after preparing the animal for surgery and anesthetizing it according to the text protocol [4.1.1-MED], use a scalpel to cut the skin approximately 5 cm longitudinally over the cranial tibial, or CT [4.1.2-CU]. 

4.1.1. Animal anesthetized and surgical area cleaned and visible/ready for operation

4.1.2. Talent cuts skin ~5 cm over CT
4.2. To mark the injection sites, use a surgical needle and surgical thread to stitch the deep fascia by making two stitch markers at 2 cm intervals [4.2.1-CU/ECU].
4.2.1. Talent finishes stitching one marker then stitches another 2 cm away from first

4.3. Nichols B, For Step 4.2:  It is very important to mark the injected sites with threads, so that the biopsy can be performed accurately [4.3.1-INTERVIEW].
4.3.1. Talent recites the above looking off camera
4.4. Next, using a 27-gauge needle, inject the desired concentration of AONs into the muscle and leave the needle in for one minute [4.4.1-CU-TXT].
4.4.1. Talent injects AONs and leaves needle in injection site (TEXT: typically 1.2 mg ea. of PMOs)

4.5. Then, to perform an open muscle biopsy, use a surgical scalpel to remove a piece of muscle tissue approximately 2 cm in length from the CT muscle [4.5.1-CU/ECU-TXT].

4.5.1. Talent takes biopsy of CT muscle 2 cm in length (TEXT: refer to text protocol for sample preparation)

4.6. Lay the muscle fascia back over the muscle and use 3-0 absorbable thread to close the tissue [4.6.2-CU].  Then use 3-0 nylon thread to close the skin [4.6.3-CU]. Using a needle, administer an intramuscular injection of 0.02 mg/kg of buprenorphine hydrochloride [4.6.1-CU].  
4.6.1. Film as written Move after 4.6.3
4.6.2. Talent lays muscle fascia over muscle and closes 

4.6.3. Talent closes skin
4.7. When the gag reflex has returned and the dog has been extubated, administer 15 to 30 mg/kg of cefazolin or cephalexin and administer for up to three days to prevent infection.  Refer to the text protocol for post-operative care [4.7.1-MED/CU-TXT].
4.7.1. Talent administers cefazolin or cephalexin (TEXT: administer via intravenous or intramuscular injection)

5. Systemic Injections

5.1. To inject a cocktail containing equal amounts of each AON into a limb vein, while holding the animal according to the text protocol [5.1.1-MED], insert a venous indwelling needle into a limb vein [5.1.2-CU].
5.1.1. Talent gently holding animal 

5.1.2. Talent inserts indwelling needle into limb vein (TEXT: refer to text for additional details)

5.2. Using an infusion pump or syringe driver [5.2.1-CU], inject 50 ml total at 2.5 ml/min for 20 minutes following the manufacturer’s instructions.  Repeat the injections weekly or biweekly, as dystrophin expression will accumulate with repeated injections [5.2.2-CU].
5.2.1. Talent starts pump or driver

5.2.2. Solution is seen injecting into animal

5.3. To perform weekly blood tests to examine toxicity, use a needle to collect 3 ml of blood from one of the subcutaneous veins of the fore or hind limb [5.3.1-CU].  Following the manufacturer’s instructions, include the following assessments.  Carry out further analyses according to the text protocol [5.3.2-LM].
5.3.1. Talent collects blood from vein of a fore or hind limb

5.3.2. LAB MEDIA Blood tests.tif (TEXT: CBC, GGT, AST, BUN, ALT, CK, and creatinine)

6. Results: Multi-exon Skipping using Antisense Oligonucleotides in the Dystrophin Gene in Dogs 
6.1. Myoblasts were transfected with various 2'OMePS treatment conditions in order to compare the effectiveness of each AON.  The gel shown here represents RT-PCR samples from RNA collected four days after treatment.  [6.1.1-LM].
6.1.1. LAB MEDIA Figure 7A
6.2. Bands higher on the gel represent out-of-frame DMD products and were seen in the non-treated, Ex8A, and Ex8B treated myoblasts.  Ex6A, Ex6B, Ex8A, and the cocktail-treated myoblasts showed in-frame products.   cDNA sequencing verified that exons 6-9 had been skipped [6.2.1-LM].
6.2.1. LAB MEDIA Figure 7A and B, Editor, for ‘Bands higher on the gel…’ add in the bracket on the right with the ‘Out of frame’ text and then point out the NT, Ex8A, and Ex8B columns when mentioned. For the in-frame products, add in the ‘In-Frame’ text as shown.   For the last sentence, add in panel B
6.3. As seen in this figure, immunohistochemistry revealed that AON-treated mice had increased dystrophin-positive fibers compared to non treated samples [6.3.1-LM].
6.3.1. LAB MEDIA Figure 8, Editor, point out the Cocktail and Ex6A panels for the increased dystrophin positive fibers and point out the NT panel for the non-treated samples., 
6.4. To compare the efficiency of various AON treatment conditions, CXMD dogs were injected with Ex6A or a cocktail of Ex6A, Ex6B, and Ex8A at various dosages.  Muscle samples stained for DYS-1 show an increase in dystrophin expression in cocktail treated samples and dystrophin positive fibers increased with dystrophin dosage [6.4.1-LM].
6.4.1. LAB MEDIA Figure 9, Editor, for the second sentence for cocktail treated samples, point out the bottom right panel.  
6.5. Following systemic injections, cocktail-treated CXMD dogs showed increased dystrophin expression compared to NT CXMD dogs, both in CT and heart muscle samples. However, AON-treated skeletal muscle showed much higher expression of dystrophin compared to treated cardiac muscle [6.5.1-LM].
6.5.1. LAB MEDIA Figure 10, Editor, for CT, point out the top right PMO-treated panel and for heart muscle, point out the bottom right panel with very little red signal.
6.6. In addition, treated CXMD dogs showed improved histopathology, with a significant decrease in centrally-nucleated fibers in comparison to NT CXMD dogs [6.6.1-LM].
6.6.1. LAB MEDIA Figure 11, Editor, point out the right panel for a significant in centrally nucleated fibers and for NT CXMD dog, point out the left panel.
7. Conclusion (said by authors on camera)
7.1. Author Name Aoki Y.: Once mastered, both in vitro and in vivo experiments can be done in a couple of hours if it is performed properly.

7.2. Author Name: Yokota T. While attempting this procedure, it’s important to remember to carefully monitor the health condition of the dog.

7.3. Author Name Takeda S.: After its development, systemic exon skipping paved the way for researchers in this field to start human clinical trials in DMD patients.
7.4. Author Name Takeda S.: After watching this video, you should have a good understanding of how to treat dystrophic dogs with AONs.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

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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