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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) ___YES______ If yes, please list make and model of your microscope: _NIKON SMZ 800 Stereomicroscope (most important one) – NIKON Eclipse TE200 Inverted – Leica MZ10F stereomicroscope
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__NO______ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps____The most important steps of the protocol could be: 3.5, 3.12, 3.13, 3.16, 3.17 and 4.4.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___Microsurgery for intra-arterial delivery of cells (3.11-3.20)___

1. Introduction (Schematic Overview and Interview)

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

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to assess the myogenic potential of induced pluripotent stem cell derived muscle progenitors in mouse models of acute and chronic muscle regeneration. (Intro)
This is accomplished by first assessing the myogenic potential of the cells in vitro. (P1)
The second step is to transplant the cells via intramuscular injection. (P2)
Alternatively, cells are injected in the femoral artery by a microsurgical procedure. (P3)
The final step is to evaluate the functional amelioration of the dystrophic phenotype of the treated animals. (P4)
Ultimately, immunofluorescence and histology assays are used to show engraftment and functional contribution of the donor cells to the host muscles (P5)
P1: pan from first dish on left up to the top dish and then over to the picture on the right

P2: pan from the first dish down to the mouse labeled intramuscular, remove the intra-arterial labeled mouse

P3: same as P2 except switch the mice

P4: With both mice in view, pan to the “muscle function test”

P5: Pan to the “ex vivo analysis”
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. M. Gerli: This method can help answer key questions in the field of skeletal muscle regeneration, such as the investigation of cell therapy approaches.  

1.2. S. Maffioletti: The implications of this technique extend toward therapy of muscular dystrophies, because could pave the way to autologous cell therapy strategies using iPSC-derived progenitors.  

1.3. Q. Millet: Though this method can provide insight into stem cell-based therapies, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as delivery of molecules intramuscularly or intra-arterially and subsequent analysis of their effect on muscle function and morphology.

1.4. Author name F.S. Tedesco: We first had the idea for this method, when we realized that iPSC culture could provide a method to overcome some of the limitations of adult stem cells (e.g., availability from tissue biopsies and expansion potential).

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Assessment of Myogenic Potential 
2.1. Begin by generating a stable cell line of IDEMs (pronounce “EYEdems”) that are transduced with a tamoxifen-inducible vector that overexpresses the myogenesis regulator, MyoD (pronounce “Myodee”).
2.1.1. WIDE: Talent walks into laboratory 
2.1.2. MED or CU: Talent holds up a labeled tube of IDEMs. Text overlay (iPSC-derived mesoangioblast-like stem/progenitor cells: IDEMs) 
2.2. After coating with 1% Matrigel and washing with medium, seed a plate with the transduced cells and incubate at 37°C in growth medium.
2.2.1. MED:  Talent seeds plate. Text overlay (1 x 105 MyoD-ER transduced IDEMs) 
2.2.2. MED: Talent places plate in incubator
2.3. The cells should reach confluence in one or two days.  When they are ready, add 1 uM 4OH-Tamoxifen (pronounce “1 micromolar 4 hydroxy tamoxifen”)  into the growth medium.
2.3.1. MED/CU: Talent goes to incubator and examines plate
2.3.2. MED: Talent adds Tamoxifen to growth medium
2.4. After 24 hours, replace the growth medium with differentiation medium supplemented with 1 uM 4OH-Tamoxifen (pronounce “1 micromolar 4 hydroxy tamoxifen”).
2.4.1. MED: Talent changes medium
2.5. Examine the cultures daily for myotube formation and replace half of the medium with fresh differentiation medium every other day. 
2.5.1. MED: Talent takes plate out of incubator
2.5.2. CU: Example of myotube formation in plate (see uploaded picture named HidemsDMDM-ER2Pbp12.6Diff5days03)
3. Transplantation in Mouse Models of Muscular Dystrophy
3.1. When the cultures are ready, they are used in transplantation assays. Here, dystrophic and immunodeficient mice are used to determine the extent of engraftment. 
3.1.1.  WIDE: Talent walks into room 
3.1.2. MED: Talent holds up a mouse. Text Overlay (Sgca-null/scid/beige mice)
3.1.3. For intramuscular transplantation, pre-treat the animals with an injection of Tamoxifen 24 hours before transplantation. 
3.1.4. MED: Talent injects Tamoxifen. Text Overlay (3.5 μl/g of 10 mg/ml, i.p., liposoluble formulation). Multiple takes/angles, repeated
3.2. The cells should also be pre-treated with Tamoxifen added into the growth medium the night before.  
3.2.1. MED: Talent adds Tamoxifen to growth medium. Text Overlay (1 μM 4OH-Tamoxifen)
3.3. On the day of transplantation, detach by trypsinization, count and centrifuge the cells. Wash the cells once in PBS before re-suspending in Ca2+-Mg2+-free (pronounce “calcium and magnesium free”)  PBS to a concentration of 106 cells / 30 ul.
3.3.1. MED: Talent takes cells out of centrifuge or CU of the pelleted cells after centrifugation
3.3.2. MED: Talent resuspends cells. 
3.4. After anesthetizing the animal and sanitizing the skin, locate the Tibialis Anterior muscle.  Identify the insertion point of the proximal tendon and insert the needle tip 2 mm below this point.  
3.4.1. CU: Talent points to the TA muscle
3.4.2. SCOPE or CU: Talent points to the proximal tendon with the needle 
3.5. Insert 5 mm of the needle at a 15° incline relative to the tibia and slowly inject the cell suspension while retracting the needle. Empty the syringe with 2 mm of the needle still inside the muscle. Take care when removing the needle from the muscle in order to avoid spilling the cell suspension through the needle’s track.
3.5.1. CU: Talent inserts needle, injects suspension, and empties syringe with 2mm needle still inside, then slowly removes the needle [Video Editor: The original 3.6.1, 3.6.2, 3.6.3, and 3.7.1 were combined into this one shot]
3.6. Take care when removing the needle from the muscle in order to avoid spilling the cell suspension through the needle’s track.
3.6.1. CU: Talent slowly removes needle
3.7. Following these same procedures, Gastrocnemius injections are performed 2 mm above the myotendinous junction of the Achilles tendon and Quadriceps femoris injections are performed 2 mm above the distal tendon. 
3.7.1. CU: Talent performs gastrocnemius injection
3.7.2. CU: Talent performs quadriceps femoris injection
3.8. For intra-arterial transplantation, pre-treat the animals and cells with tamoxifen as demonstrated earlier.
3.8.1.  Reuse 3.2.1

3.9. When ready for transplantation, the cells are prepared as previously demonstrated except that they are filtered before centrifugation.
3.9.1. MED: Talent filters cells
3.10. Re-suspend the pellet in Ca2+-Mg2+-free (pronounce “calcium and magnesium free”)  PBS and add 10% Patent blue dye to allow for the visualization of the cell suspension distribution.
3.10.1. MED: Talent resuspends cells. Text Overlay (106 cells / 50 ul)
3.10.2. MED: Talent adds blue dye to cells
3.11. After anesthesia, shave and disinfect the area as shown. Make a 5-7 mm incision and localize the femoral bundle.  Gently remove the connective fascia that covers the bundle with forceps. 
(Video Editor: Note from author: “all the yellow-highlighted steps were filmed in a continual flow.” Note from Peggy: Hopefully it’s obvious, but I’m happy to help if you need help figure out the scope footage.)
3.11.1. MED: Talent cleans skin after it has been shaved 
3.11.2. SCOPE: Talent makes incision
3.11.3. SCOPE: Talent removes connective tissue and locates femoral bundle
3.12. Next, carefully separate the femoral vein and nerve from the artery by gently introducing the tip of a forceps in between them and by progressively enlarging the hole. The femoral vein is fragile, take care not to pinch it during its detachment from the femoral artery. 
3.12.1. SCOPE: Talent separates the vein from the artery
3.12.2. SCOPE: Talent continues to separate vein, taking care not to pinch it
3.13. Once separated, lift the artery with one tip of the forceps and clamp the artery with the other tip.
3.13.1. SCOPE: Talent lifts and clamps the artery
3.14. Carefully re-suspend the cells in the syringe and remove all air bubbles before injecting.   
3.14.1. MED: Talent resuspends cells in syringe and removes air bubbles
3.15. With a 30G (pronounce “30 gee”) needle, puncture the artery and inject 50 ul  of the cell suspension downstream of the clamped area, at an infusion speed of approximately 5 ul per second.
3.15.1. SCOPE: Talent punctures artery and starts injecting
3.16. The patent blue dye allows immediate recognition of a correctly placed injection, if correctly injected, the whole limb will rapidly turn light blue.
3.16.1. CU: Shot of the limb turning blue
3.17. Slowly remove the needle and the forceps from the artery to restore blood flow to the limb.
3.17.1. SCOPE: Talent removes needle and forceps
3.18. Apply pressure with sterile gauze to avoid bleeding and/or cauterize as required.
3.18.1. MED: Talent applies gauze to the wound
3.19. Suture the wound and monitor the animals until they recover.  Administer analgesia for 3 days and inspect the wound daily.
3.19.1. MED: Talent places sutured animal in cage for recovery
3.19.2. MED: Talent inspects wound
4. Outcome Measures on Transplanted Dystrophic Animals: Treadmill Test 

4.1. Changes in the motor capacity of treated mice are evaluated by the treadmill test. Baseline measurements begin approximately one month before treatment and are used to evaluate the improvement of each animal tested.
4.1.1. WIDE: Talent walks into testing room where treadmill is located
4.1.2. MED: Talent sets up treadmill
4.2. The first step is to acclimate the animals to the exercise before testing. To do this, set the treadmill at a speed of 6 meters / minute for 10 minutes. Repeat this procedure every other day for one week.
4.2.1. MED: Talent sets mice in treadmill
4.2.2. MED: Talent starts treadmill 
4.2.3. CU: Shot of mice walking on treadmill
4.3. Once they are familiar with the device, set the incline to 10° and place the animals into the treadmill lanes.
4.3.1. MED: Talent adjusts the incline
4.3.2. MED: Talent places animals in lanes, multiple takes/angles, repeated
4.4. Turn the treadmill on with a starting speed of 6 meters / minute.  Gently nudge any animal not willing to start the exercise.
4.4.1. MED: Talent turns on treadmill
4.4.2. CU: Talent gently nudges animal
4.5. Next, start the timer and increase the speed 2 meters / minute every 2 minutes.
4.5.1. MED: Talent starts timer
4.5.2. MED: Shot of treadmill as speed increases
4.6. As soon as an animal lies in the resting area for more than 5 seconds without attempting to reengage the treadmill, gently touch it with a stick to stimulate the restart of the exercise. 
4.6.1. CU: Shot of an animal resting in the rest area
4.6.2. CU: Talent nudges animal
4.7. A mouse is considered fatigued when it lies in the resting area for more than 5 seconds, without attempting to reengage the treadmill after a series of 3 consecutive mechanical stimuli, one every 5 seconds. (TEXT: Alternative stimuli: compressed air, sounds or mild electric stimulation)
4.7.1. CU: Shot of a mouse in the resting area that appears fatigued
4.7.2. CU: Shot of a fatigued mouse not responding to 3 nudges, 5 seconds apart.
4.8. Record the performance of each animal and repeat the measurements weekly or every 10 days for at least three times.
4.8.1. MED: Talent records performance
4.8.2.  Reuse 4.3.2
4.9. Starting two weeks after cell transplantation repeat the same procedure in the treated mice.  After testing, use comparisons to baseline to evaluate changes in performance. 
4.9.1. MED: Talent places treated mice on treadmill
4.9.2. MED: Over the shoulder, talent examines data
5. RESULTS: In Vitro and In Vivo Differentiation and Motor Capacity after Transplantation

5.1. 48 hours after 4OH-tamoxifen  administration, MyoD-positive nuclei are identifiable within MyoD-ER (pronounce “Myodee E-R”) transduced IDEMs  in culture as seen here (5.1.1). After a week, the cells fuse and differentiate into multinucleated myotubes (5.1.2).
5.1.1. LAB MEDIA: Figure 2, panel A
5.1.2. LAB MEDIA: Figure 2, panel B
5.2. When transplanted intramuscularly into a murine model of acute muscle injury, IDEMs  contribute to tissue regeneration.
5.2.1. LAB MEDIA: Figure 3
5.3. Results from the treadmill exercise tolerance test show amelioration in the motor capacity of treated mice after transplantation.
5.3.1. LAB MEDIA: figure 4
5.4. Ex vivo analyses of transplanted muscles show GFP (pronounce “G-F-P”) positive areas representing the extent of colonization of IDEMs  into the host tissue (5.4.1), thus demonstrating that donor cells engraft into dystrophic muscle. Importantly, transplanted cells are able to differentiate in vivo, forming new skeletal myofibers. This example shows alpha-Sarcoglycan expression from genetically corrected IDEMs into alpha-Sarcoglycan-null/scid/beige (pronounce “skid-beige”) mice (5.4.2). Masson’s trichrome staining revealed a decrease in the amount of fibrotic tissue in treated muscle (5.4.3).
5.4.1. LAB MEDIA: figure 5, panels A, B, C
5.4.2. LAB MEDIA: figure 5, panels D, E
5.4.3. LAB MEDIA: figure 5, panel F
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597

6. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
6.1. S. Maffioletti: Following this procedure, other methods like the freewheel test, Evans blue dye uptake assay and single fiber or whole muscle mechanics can be performed in order to answer additional questions about the improvement in voluntary motor capacity, fiber fragility and specific force.

6.2. M. Gerli: After watching this video, you should have a good understanding of how to evaluate the muscle differentiation ability, engraftment potential and functional efficacy of iPSC-derived myogenic progenitors using in vitro, in vivo and ex vivo assays 
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, 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: 
2.5.2 HidemsDMDM-ER2Pbp12.6Diff5days03 - CU: Example of myotube formation in plate
Step HidemsDMDM-ER2Pbp12.6Diff5days03.JPG

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.

( 2011, Journal of Visualized Experiments


