My notes are on the slate at the beginning of each shot. 
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Title: Do’s and Don’ts in the Preparation of Muscle Cryosections for Histological Analysis 

I suggest: “The Do’s and Don’ts of Preparing Muscle Cryosections for Histological Analysis”  Make the change if it suits you.

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Yes.
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? 
Sections 2, 3, 4 and 5 – no specific steps denoted.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Embedding is the most difficult step. To ensure success of this step tissue must be acclimatized in the cryostat followed by gradual embedding in the OCT. Precaution should taken to prevent thawing of muscle biopsy during the procedure. This is achieved by adding OCT in small increments and quickly freezing it using heat extractor and aerosol cooling spray.  
E.  Will the filming need to take place in multiple locations? No

1. Introduction (Schematic Overview and Interview)

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

The overall goal of this procedure is to avoid pitfalls when preparing frozen sections from muscle biopsies, such as creating freezing artifacts. (Intro)  This is accomplished by first freezing the muscle rapidly in 2-methyl butane chilled on liquid nitrogen. (P1)  After the muscle biopsies equilibrate in the cryostat, they are embedded in optimum cutting temperature medium at room temperature, in small increments with quick freezing using aerosol cooling and heat extraction. (P2)  Next, six-micron sections are sliced and transferred to warm, positively-charged, glass slides. (P3)  The final step is to stain the tissue sections as needed to evaluate the tissue’s histology. (P4)  Ultimately, correctly prepared muscle biopsies result in well-preserved tissue histology without freezing artifacts. (P5)

We are waiting for the lab to prepare graphics to accompany this schematic.  When they do, I will prepare instructions on how to utilize them.  Until then, do not delete this note.  -Steven


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

1.1. Sweta: The main advantage of this technique over existing methods, like paraffin embedded tissue sectioning, is that it is quick and do not alter the antigen structure of the muscle biopsies.   
1.2. Anthony: This method can help answer key questions in the health and disease of muscle biology field, such as growth, regeneration, inflammation, necrosis and fibrosis. 
1.3. Younghwa: The implications of this technique extend toward therapy (or diagnosis) of muscle disorders, because it allows determination of condition of healthy and diseased muscle.  
1.4. Ajay: Though this method can provide insights into different forms of muscular dystrophy, it can also be applied to other systems, such as cachexia associated with terminal stages of cancer and AIDS and loss of muscle in elderly populations.


Protocol (read by voice talent at JoVE):

2. Harvesting and Freezing Tissue
2.1. Begin with euthanizing a mouse with an overdose of isoflurane under a fume hood and in a secondary level of containment, such as a bell jar.
2.1.1. WID: talent removing the mouse from the container
2.1.2. CU: detail secondary containment of gas, jar, no mouse
2.2. Confirm the animal's death by firmly squeezing its footpad. 
2.2.1. CU: film as written
2.3. Then, use a method of euthanasia such as cervical dislocation.
2.3.1. MED: film as written, be vague
2.4. Now, wet the fur with 70% alcohol.  This prevents loose hair strands from sticking to the muscles. 
2.4.1. MED: applying solution to fur
2.4.2. CU: rubbing solution into fur
2.5. Proceed by peeling the skin off the limb using a number five, fine forceps.
2.5.1. CU: film as written
2.6. Carefully separate the muscle of interest from the bone, starting from the tendon.  In this case, the Tibialis Anterior is isolated.
2.6.1. ECU: film as written
2.7. After excising the muscle, cover it in OCT and lay it flat on a labeled disposable freezing mold.  More OCT will be added later, before slicing.
2.7.1. CU: placing muscle on freezing mold
2.7.2. CU: applying OCT to muscle
2.8. Ensure that the muscle is in its normal physiological orientation along the head-to-tail axis and that the muscle isn't stretched. 
2.8.1. ECU: checking the orientation of muscle, moving as needed in mold
2.8.2. MED: talent finishes applying adjustments to muscle, then turns attention to pouring the isopentane into a steel beaker
2.9. Now, chill some isopentane in a steel beaker using liquid nitrogen. Stir it intermittently over three to five minutes with a plastic spatula.  When a white precipitate forms the isopentane is at its optimal temperature.
2.9.1. MED: pouring the isopentane into a steel beaker and placing in liquid nitrogen bath
2.9.2. CU: stirring with spatula
2.9.3. CU: precipitate forming on bottom/walls of steel beaker.
2.10. At this point, dip the loaded molds into the solution.  Small muscles such as the diaphragm and extensor digitorum longus require 6 to 12 seconds.  Larger muscles require 15 to 20 seconds.  Over-freezing can lead to cracking.
2.10.1. MED: dipping a mold into isopentane
2.10.2. CU: mold in isopentane, then removing it
2.10.3. MED: setting down first mold on dry ice and dipping a 2nd mold into isopentane
2.11. The next step is to put the frozen tissues on dry ice to let the residual isopentane evaporate, which takes about 15 to 20 minutes. 
2.11.1. CU: setting 2nd mold onto dry ice, next to first
2.11.2. WID/MED: starting a timer and then turning to address the camera 
2.12. Ajay: Success depends on rapid freezing of the muscles and taking care not to let them thaw during the downstream processing, such as embedding and sectioning.
2.12.1. WID: interview shot at bench
2.13. Once the tissue is dry, wrap it in foil and store it in a negative 80 degree Celsius refrigerator until it can be sectioned.  (TEXT: Store at -80 ºC)
2.13.1. CU/MED: moving mold from dry ice to foil
2.13.2. CU: wrapping mold in foil
3. Embedding Tissues in OCT
3.1. Prior to sectioning, transport the frozen tissues on dry ice to the cryostat.
3.1.1. WIDFOL: walking with tissues on dry ice to cryostat
3.2. Transfer the tissue to a cryostat chamber set between negative 24 and negative 20 degrees Celsius and let them equilibrate for 30 minutes.  The tissues will not fully thaw at this temperature.
3.2.1. MED: transferring mold from dry ice into a cryostat chamber
3.2.2. CU: closing chamber, show temperature of chamber
3.2.3. WID: setting a timer and walking away
3.3. Next, embed the tissue.  First, if available, turn on the Peltier bay cooling. 
3.3.1. WID: returns to cryostat and turns on cooling bay, then prepares to apply OCT
3.4. Second, apply a uniform thin layer of OCT on the specimen disc and let it cool.
3.4.1. CU: film as written
3.5. Third, once the OCT has frozen on the bottom but is still liquid on the top, insert the tissue.  
3.5.1. 	CU: film as written
3.6. Orient the tissue perpendicular to the OCT for transverse sections and parallel to the OCT for longitudinal sections. 
3.6.1. ECU: adjusting the position of the tissue
3.6.2. ECU: second angle, showing position relative to sectioning blade
3.7. Now, use an aerosol cooling spray to quickly freeze the OCT. 
3.7.1. CU: film as written
3.8. Then, touch the unembeded part of the tissue with a heat extractor and hold it to the tissue for 45 seconds.  Do not let the muscle thaw at any step during this process.
3.8.1. CU: talent picks up heat extractor
3.8.2. CU: film as written
3.9. If the cryostat does not have Peltier bay cooling, use aerosol cooling to quickly freeze the OCT around the tissue.
3.9.1. MED: handling aerosol cooling spray
3.9.2. CU: film as written (this will require a secondary demonstration, since our primary demo involves the bay)
3.10. Now, add another thin layer of OCT around the muscle, spray with aerosol cooling spray and extract the heat as in the previous step.
3.10.1. CU: film as written
3.10.2. ECU: like 3.8.2
3.11. Keep adding OCT in small increments and quickly freeze the OCT using a combination of aerosol cooling spray and heat extractor until the whole muscle is covered.
3.11.1. CU: film as written
3.11.2. MED: talent performing this juggling act of adding OCT, freezing with aerosol and repeating
3.12. Then, put the heat extractor on the top of the tissue block and wait for 5 minutes before proceeding with sectioning.
3.12.1. CU: film as written
3.12.2. MED: talent taking breather and starting timer
4. Preparing Sections and Identifying Mid-Belly Region Muscles
4.1. The specimen is now ready to mount onto the specimen head.
4.1.1.  WID: establishing shot, talent at cryostat
4.2. First, tighten the knob to secure the disc.  Make sure that the specimen disc is in good contact with the specimen head.
4.2.1. CU: tightening the knob
4.2.2. ECU: the contact between disc and head
4.3. While the chamber gets to be between negative 24 and negative 20 degrees Celsius, set the slice thickness to 7 microns.
4.3.1. CU: temperature of chamber, not yet at -24 to -20
4.3.2. CU: adjusting slice thickness
4.4. When the chamber is at temperature, start trimming the block.  Use the course and fine adjustment to move the block.
4.4.1. CU: temperature of chamber between -24 to -20
4.4.2. CU: moving block using course and fine controls
4.5. When sections are ready to collect, press their top sides onto lamp-warmed, positively-charged slides.  (TEXT: 35 – 40 ºC)
4.5.1. CU: collecting sections on slide
4.5.2. MED: film as written, wider angle, showing warmed slides under lamp
4.6. If frozen correctly the tissue face should be chalky white.
4.6.1. LM: Fig 3B
4.7. However, a tissue that was frozen improperly or thawed during the mounting process will appear red to pink.
4.7.1. LM: Fig 3A
4.8. The slides can be stored in the deep freezer for future analysis.
4.8.1. WID: loading slides into deep freezer
4.9. The mid-belly section of the tissue can be identified by measuring the cross-section area from phase contrast images, using the tracing function of an imaging software package.
4.9.1. MED: talent working at computer
4.9.2. SCREEN CAPTURE: using the software to view sections, using tracing function
4.10. This analysis provides both area and the minimum ferret diameter measurements. When these measures begin to plateau, the mid-belly has been reached. 
4.10.1. SCREEN CAPTURE: using the software to measure diameter, then copying measurement to a chart in a spreadsheet to add to other measurements of other sections, illustrating a plateau in diameter measurements
5. Notes on Staining and Mounting
5.1. Anthony: While a detailed step-by-step procedures can be found on the product data sheet and should be followed for staining procedures, personal optimization may be required to obtain optimal staining. 
5.1.1. WID: Interview shot at bench
5.2. The OCT does not need to be removed for staining.
5.2.1. CU: apply stain to sections with OCT   
5.3. For optimal immunostaining be sure to use a humidified chamber.  It should be covered with parafilm, kept on a wet paper towel, and sealed in a small box to avoid drying of sections during the staining process.
5.3.1. MED: setting up staining in chamber
5.3.2. CU: covering chamber with parafilm
5.3.3. MED: setting on wet towel in box, then placing chamber in box and covering box
5.4. After following the staining protocol, because mounting media is not miscible with water, dehydrate the slides through increasing grades of alcohol.  (TEXT: 2 minutes each in 70%, 95%, and 100% ethanol)
5.4.1. WID: talent setting up baths
5.4.2. MED: placing slides in first of series of baths, then moving to next bath, then next bath – always move talent away from bath between actions so this can be viewed as three separate events
Video editor: edit the above shot to make each bath transfer seem 2 min apart
5.5. [bookmark: _GoBack]Then, clear the slides with a five minute bath in 100% xylene.  This ensures that the slides do not become opaque over time.  Then, proceed with mounting and imaging.
5.5.1. MED: moving slides from 100% EtOH bath to xylene bath, starting a 5 min timer
5.5.2. 	MED: stopping timer, removing slides from xylene and setting up to dry
6. Results: Mid-Belly Staining 
6.1. Sections of the mid-belly region of the Tibialis anterior were stained using hematoxylin and eosin.  Sections that are properly processed will have consistent morphology and even staining throughout. 

6.1.1. Fig 5A

6.2. Improperly processed muscles that are freeze damaged or prematurely thawed appeared to have multiple breaks in morphology and have the appearance of “shredded wheat.”  

6.2.1. Fig 5B

6.3. Immunohistochemistry was also performed on these sections.  These stains were satisfactory.  Fibronectin is stained in green and DAPI is seen in blue.

6.3.1. Fig 7

7. Conclusion (said by authors on camera)
7.1. Sweta: After watching this video, you should have a good understanding of how to prepare good frozen sections from muscle biopsies for evaluation of muscle histology in different diseases affecting muscle.
7.2. Ajay: Once mastered, this technique can be done in approximated 4-5 hours if it is performed properly.
7.3. Anthony: While attempting this procedure, it’s important to remember to prevent thawing of muscles.
7.4. Younghwa:  Following this procedure, other methods like immunostaining and in situ hybridization can be performed in order to answer additional questions like growth and regeneration.
7.5. Ajay: Don't forget that working with sharp dissecting tools, microtomes and reagents like isoflurane, isopentane and freeze IT, can be extremely hazardous.  Always take the necessary precautions while performing these procedures.   

       

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, as well as an introduction to your videographer, closer to your filming date.
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