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A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? (Y/N) N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:

1-5

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Step 1

1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:

The overall goal of this procedure is to transplant purified quiescent adult murine skeletal muscle satellite cells for the treatment of skeletal muscle injury. (Intro) This is accomplished by first dissecting skeletal muscle from adult mice (P1), and enzymatically digesting skeletal muscle, (P2) and then sorting the quiescent satellite cells by magnetic bead separation. (P3) Next, the isolated cells are expanded on collagen-coated culture dishes, (P4) and in the final step, the in vitro expanded cells are injected into the cardiotoxin-treated skeletal muscles of adult mice. (P5) Ultimately, the engraftment and contribution of in vitro expanded satellite cells to the regeneration of muscle fibers can be assessed by x-gal staining. (P6)
(P1) 2.2.2. skeletal muscle being dissected 
(P2) 2.6.2. collagenase being added to muscle
(P3) 3.2.3. magnetic beads being added to cells
(P4) 3.12.1. adding cells to plates
(P5) 4.7.3. im injection of cells
(P6) Slide6.tif
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Atsushi Asakura: 
The isolation of quiescent satellite cell which is a muscle stem cell population, is essential to the understanding of muscle stem cell biology and muscle regeneration, as well as stem cell transplantation for therapies in muscular dystrophy such as Duchenne muscular dystrophy. The main advantage of this technique over existing methods, like FACS, is that our method is a rapid, economical, and reliable purification of quiescent satellite cells from the adult mouse skeletal muscle. Demonstrating procedures will be performed by Dr. Norio Motohashi Postdoc and Yoko Asakura junior scientist in my laboratory.
{I like to use video at the last one}
Protocol (read by voice talent at JoVE):
2. Isolation of mononuclear cells from mouse skeletal muscle 
2.1. To isolate mononuclear cells from mouse skeletal muscle, begin by pinching and then slitting the abdominal skin of each 3-8 week old euthanized adult mouse.
2.1.1. WIDE: Talent pinching skin (TEXT: Euthanasia: Avertin i.p./KCl i.v.)
2.1.2. CU: Shot abdomen only: few seconds of pinched skin being slit 
2.2. Peel the skin in opposite directions to completely expose the triceps and the hind leg muscle and then trim along the leg bones to remove the tibialis anterior, gastrocnemius, quadriceps, and triceps skeletal muscles. 
2.2.1. CU: Shot abdomen only: Few seconds skin being peeled in opposite directions
2.2.2. CU: Shot abdomen only: Shot of exposed triceps/hind leg muscle, then few seconds scissors trimming muscles (Videographer: If possible, have Talent indicate triceps then hind leg muscles with dissecting needle or other appropriate tool) (Video Editor: if possible/necessary, please indicate “triceps” and “hind leg muscle” with an arrow and the appropriate accompanying text)
2.3. Transfer the muscles into ice-cold sterile PBS in a 10 cm dish, and wash off the blood. Then, transfer the muscles to a new sterile 60 mm plate.
2.3.1. MED: Talent places muscles into PBS, then few seconds Talent washing muscles
2.3.2. CU: Muscles being placed into new plate (TEXT: 1-2 mice/plate)
2.4. Next, under a stereomicroscope, remove the connective tissue, blood vessels, nerve bundles, and adipogenic tissue from the muscles.
2.4.1. MED: Few seconds Talent at stereomicroscope, removing tissues from muscles
2.5. Then, using ophthalmological scissors, cut and mash the tissue into a smooth pulp, trying not to leave large pieces.
2.5.1. CU: Few seconds muscles being cut and mashed into smooth pulp (TEXT: Chunks do not digest)
2.6. Transfer the minced muscles into a 50 ml tube and digest the tissue in 5 ml of collagenase solution at 37°C.
2.6.1. MED: Talent adding minced muscles into 50 ml tube
2.6.2. CU: Collagenase being added to tube (TEXT: See text for all solution/media preparation details)
2.7. After an hour, use a syringe equipped with an 18 gauge needle to triturate the tissue slurry several times to homogenize the mixture. 
2.7.1. CU: Shot of tube, then syringe enters tube and triturates slurry
2.8. Incubate the homogenate for another 15 minutes, and then triturate the mixture again to dissociate the slurry into a single-cell suspension. 
2.8.1. MED: Talent placing tube in incubator

2.8.2. MED: Few seconds Talent triturating slurry

2.9. Add up to 50 ml of media and mix the cell solution. Then filter the cell suspension through a 70 (m cell strainer into a new 50 ml Falcon tube. 
2.9.1. CU: Last few seconds of tube being filled up to 50 ml, then solution being mixed
2.9.2. CU: Above shot of cell suspensions being filtered through strainer
2.10. Now aspirate the solution, and strain it through the collected tissue debris and filter again, pipetting up and down as necessary to flush the cells through the tissue into the 50 ml tube.
2.10.1. CU: Side shot of solution being aspirated and then dispensed through filter again, with up and down pipetting as necessary 
2.11. Count the collected cells and then spin down the cell suspension. 
2.11.1. MED: Few seconds Talent at microscope, counting cells (TEXT: ~2x106/mouse)
2.11.2. MED: Talent placing tube(s) into centrifuge (TEXT: This and following washes: 3-5 min, 300 x g, 4°C)
2.12. Resuspend the pellet in 200 (l of media, and then transfer the cells into a 1.5 ml microcentrifuge tube.
2.12.1. CU: Shot of pellet if visible, then pellet being resuspended in media (TEXT: ~1x106 cells/100 (l)
2.12.2. MED: Talent adding cells to at least one microcentrifuge tube
3. Antibody staining and separation with MACS
3.1. To stain and separate the cells, place the microcentrifuge tube on ice and then incubate the cells with 1 (l each of the listed antibodies.
3.1.1. WIDE: Talent places microcentrifuge tubes on ice
3.1.2. MED: Talent adding at least one antibody to at least one tube (TEXT AS LIST ON TOP OF ACTION: CD31-PE, CD45-PE, Sca-1-PE, Integrin (7)
3.2. After 30 minutes, wash the cells in 1 ml of media. Then resuspend the pellet in 200 (l of media and incubate the cells in 10 (l of anti-PE Magnetic Beads on ice.
3.2.1. MED: Talent adding media to tube 
3.2.2. CU: Shot of pellet, then media being added 
3.2.2.1 Session 1: Show pellet
3.2.2.2 Session 2: Remove supernatant and add new media into the tube
3.2.2.3 Session 3: Resuspended cells

{Split to three sessions for 3.3.2} 
3.2.3. CU: Shot of magnetic beads being added to tube, with magnetic bead container with label visible in frame
3.3. After another 30 minutes, wash the cells in 1 ml of MACS buffer, and resuspend the pellet in 1.5 more ml of buffer. 
3.3.1. CU: Tube(s) being added to centrifuge 
3.3.2. MED: Talent adding buffer to pellet
3.4. Then place an LD column in the magnet and rinse the column with 1.5 ml of MACS buffer.
3.4.1. MED: Talent placing column in magnet
3.4.2. MED: Talent adding buffer to top of column
3.5. Dispense the cell suspension onto the column, collecting the PE-negative flow-through fraction in a 1.5 ml tube. 
3.5.1. CU: Cell suspension being added to top of column

3.5.2. CU: Shot of flow-through being collected
3.6. Then spin down the PE-negative fraction and resuspend the pellet in 100 (l of media. 
3.6.1. MED: Talent placing tube(s) into centrifuge
3.6.2. CU: Shot of pellet if visible, then 100 (l of media (DMEM + 2% FBS) being added to tube
3.7. Now incubate the cells in 5 (l of anti-Mouse IgG Magnetic Beads on ice, and then after 30 minutes, wash the cells in 1 ml of MACS buffer, resuspending the pellet in 1.5 ml of buffer.
3.7.1. MED: Talent adding beads to pellet, with magnetic bead container label visible if possible
3.7.2. MED: Talent adds buffer to tube 
3.7.3. CU: Shot of pellet if visible, remove supernatant, and then buffer being added to cells for suspension
3.8. Next, place an MS column onto the magnet and rinse it with 1 ml of MACS buffer. Then dispense the cells onto the column, discarding the integrin (7-negative flow-through fraction.
3.8.1. CU: Shot of MS column being added to magnet
3.8.2. CU: Shot of buffer being added to column
3.8.3. CU: Shot of cells being added to column
3.8.4. MED: Talent dumping flow-through into waste
3.9. Rinse the column two times with 1ml of MACS buffer, and then remove it from the magnet. 
3.9.1. MED: Talent adding buffer to column
3.9.2. MED: Talent removes column from magnet
3.10. Then flush 1.5 ml of MACS buffer through the column two times with a plunger to elute the magnetically labeled, integrin (7-positive cells into a fresh 1.5 ml microcentrifuge tube.
3.10.1. CU: Few seconds buffer being added then flushed through column at least one time into microcentrifuge tube
3.11. Then after spinning down the cell suspension, resuspend the purified cells in Myoblast medium. 
3.11.1. CU: Shot of pellet if visible, then Myoblast medium being added to tube
3.12. Finally, plate the cells on a Matrigel-coated 6 cm plate containing 5 ml of Myoblast Medium. 
3.12.1. MED – over the shoulder: Few seconds Talent adding cells onto plate (TEXT: ~1-2x105 cells/1 intact mouse muscle)
4. Myoblast differentiation and transplantation for skeletal muscle regeneration
4.1. To maintain the cell culture, feed the cells daily with Myoblast medium. Growing myoblasts exhibit a small, round shape and express MyoD in their nuclei.
4.1.1. WIDE: Few seconds Talent adding medium to cells
4.1.2. LAB MEDIA: Slide 1.tif
4.2. When ready to begin the cell fusion, rinse the cells once with PBS, and then trypisnize them in a 5% CO2 incubator at 37°C. After 3 minutes, collect the dissociated cells in Myoblast medium.
4.2.1. CU: Few seconds plate being rinsed with PBS
4.2.2. MED: Talent placing plate with tryspin into incubator
4.2.3. MED – over the shoulder: Few seconds Talent collecting cells
4.3. Spin down the cells, resuspending the pellet in Myoblast medium, and re-plate the cells onto new Matrigel-coated plates.
4.3.1. MED: Talent placing tube(s) into centrifuge (TEXT: This and following washes: 5 min, 200 x g, 4°C)
4.3.2. CU: Shot of pellet if visible, then medium being added to cells
4.3.3. MED: Talent adding cells onto at least one plate 
4.4. To differentiate the cell culture, feed the cells daily with Differentiation Medium. After one day, the myoblasts will exit the cell cycle and undergo differentiation into myosin heavy chain, or MHC,-positive myocytes. By day 3-5, the cells fuse with each other and generate multinucleated myotubes.
4.4.1. MED: Talent adding differentiation medium to at least one plate, with differentiation medium label visible in frame as possible
4.4.2. LAB MEDIA: Slide2.tif (Video Editor: with “myosin … myocytes” please highlight/outline/indicate the middle/green/antibody image; with “fuse ... myotyubes” please highlight/outline/indicate the left/phase image)
4.5. Twenty-four hours before myoblast transplantation, shave the hair around the tibialis anterior, or TA, (Pronounce: T-A) muscle of a sedated 2 month old NOD/SCID mouse. Then use a 31 gauge insulin syringe to inject 10 (M of cardiotoxin into the muscle.
4.5.1. WIDE: Few seconds Talent shaving mouse (Videographer: Get more Talent than mouse in shot) (TEXT: Anesthesia: Avertin 250 mg/kg i.p.)
4.5.2. CU: Shot of cardiotoxin being injected into muscle
4.6. The next day, detach the proliferating myoblasts from the matri-gel coated plates with trypsin as just demonstrated and spin down the dissociated cells. 
4.6.1. CU: Shot of plate with trypsin being added to incubator
4.6.2. CU: 15 ml Tube(s) being placed into centrifuge 
4.7. Resuspend 1x106 of the cells in 50 (l of media. Then load the cells into a 31 gauge insulin syringe, and transplant the cells intra-muscularly into the recipient animal for tibialis anterior (TA) muscle regeneration.
4.7.1. MED: Talent adding media to cells in the 15 ml tube, and transfer cell suspension into Eppendorf tube. 
4.7.2. CU: Few seconds cells being aspirated into syringe 

4.7.3. CU: Shot of mouse being injected ip 

4.8. One to four weeks after injection, harvest the TA muscles for histological analysis.
4.8.1. LAB MEDIA: Slide3.tif
5. Results: Representative muscle satellite cell transplantation
5.1. Freshly isolated quiescent satellite cells display a small, round shape and…
5.1.1. LAB MEDIA: Slide4.tif
5.2. …more than 90% of these cells express Pax7 as a definitive marker. 
5.2.1. LAB MEDIA: Slide5.tif
5.3. Ex vivo expanded myoblasts can be utilized for intramuscular cell injection experiments for the examination of myoblast contribution to muscle fiber regeneration and self-renewal of satellite cells. 
5.3.1. LAB MEDIA: Slide1.tif 
5.4. When cultured in differentiation medium, the myoblasts exit the cell cycle, fuse with each other, and become multinucleated myotubes that express myosin heavy chain.
5.4.1. LAB MEDIA: Slide2.tif (Video Editor: with “become … chain” please highlight/outline/indicate the middle/green/antibody image)
5.5. A few days to several months after transplantation, the β-galactosidase-positive donor-derived cells, which include proliferating myoblasts, self-renewing satellite cells, and newly formed muscle fibers can be detected in the cardiotoxin-injured muscle.
5.5.1. LAB MEDIA: Slide6.tif (Video Editor: with “β-galactosidase-positive … muscle” if possible, please indicate some of the dark/blue/black dots in the left image and some blue streaks in the right image)
6. Conclusion (said by authors on camera)
6.1. Norio Motohashi: After its development, this technique paved the way for researchers in the field of muscle stem cells and muscle regeneration to explore therapeutic stem cell transplantation for muscular dystrophy.
6.2. Atsushi Asakura, Norio Motohashi, Yoko Asakura: Thank you for watching.

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.  
Slide1.tif
Slide2.tif
Slide3.tif
Slide4.tif
Slide5.tif
Slide6.tif
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.
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