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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.2., 2.5., 3.3., 3.4.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.3

E.  Will the filming need to take place in multiple locations? Y, different floors of the same building

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 procedure is to use apical resection in neonatal mice to study early mammalian heart regeneration. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Jianhua Xiong: This method can help answer key questions in the heart regeneration field, such as what are the molecular and cellular mechanisms that underlie early mammalian cardiac regeneration? 

1.2. Jianhua Xiong: The main advantage of this technique is that the apical resection mouse model provides a relatively simple and direct approach for studying early mammalian heart regeneration.

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

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Animal Care and Use Program at the National Institutes of Health with protocol number H0083R3.
Protocol (read by voice talent at JoVE):

2. Thoracotomy

2.1. Before beginning the procedure, transfer all of the postnatal day one C57BL/6 pups from their nursing mother [2.1.1.-WIDE] into a clean mouse cage with fresh bedding and nesting materials [2.1.2.-CU-TXT].

2.1.1. Talent removing at least one pup from cage with nursing mother

2.1.2. Pup being put into clean cage with at least one other pup and bedding/nesting visible (TEXT: Complete resection w/in 10 min to minimize time away from dam/increase surgery survival). 
2.2. Then, for each neonate in turn, transfer the pup from an ice bed to the surgical area [2.2.1.-MED-TXT] and immobilize the arms, legs, and tail in a supine position [2.2.2.-CU-TXT].
2.2.1. Talent moving pup onto surgical area, with ice bed (but not other pups if possible) visible in frame (TEXT: Anesthesia: Hypothermia)
2.2.2. Few seconds at least one limb being taped down, with at least one other limb already taped down visible (TEXT: Confirm sedation by apnea/akinesia) 
2.3. Disinfect the chest with betadine [2.3.1.-CU], followed by gentle cleaning with a 70% alcohol prep pad [2.3.2.-CU].
2.3.1. Few seconds chest being wiped with betadine

2.3.2. Few seconds chest being wiped with pad 
2.4. Now make a transverse skin incision along the fourth intercostal area of the chest cavity [2.4.1.-CU]/[2.4.2.-CU] and blunt dissect the skin and the underlying muscle [2.4.3.-CU]. 
2.4.1. Few seconds incision being made with scissors (Video Editor: Use 2.4.1. OR 2.4.2. as per Veterinary Review board approval)

2.4.2. Few seconds incision being made with scalpel (Video Editor: Use 2.4.1. OR 2.4.2. as per Veterinary Review board approval)

2.4.3. Few seconds skin and/or muscle being blunt dissected 

2.5. Then, to access the heart, use spring scissors to make a left lateral incision at the fourth intercostal space [2.5.1.-CU/ECU] followed by blunt dissection of the intercostal muscles [2.5.2.-CU].
2.5.1. Few seconds incision being made

2.5.2. Few seconds muscles being blunt dissected 
3. Surgical Amputation of the Heart Ventricular Apex 
3.1. When the heart is visible [3.1.1.-WIDE/MED], exteriorize the apex with gentle manual pressure to the abdomen [3.1.2.-CU].
3.1.1. Shot of Talent working on animal (Multiple takes, shot will be used again)

3.1.2. Shot of heart if possible, then few seconds manual pressure being applied to abdomen 
3.2. Use sterile cotton-tipped applicators to absorb the blood around the surgical area [3.2.1.-CU-TXT]. Then transfer the animal under a magnifying lamp [3.2.2.-MED]. 

3.2.1. Few seconds blood being cotton tip being applied (TEXT: Sham controls: proceed directly to suture step) {Comment: I am not sure whether this shot was filmed by videographer because this step may be not necessary if bleeding is very light}
3.2.2. Talent placing mouse under lamp (Videographer: More Talent than mouse in shot) 

3.3. Using iridectomy scissors, gently piecemeal resect approximately 15% of the left ventricle until the left ventricle chamber is exposed [3.3.1.-LM].

3.3.1. Last few seconds resection being performed then shot of exposed LV chamber 
3.4. Then return the heart to the chest cavity [3.4.1.-CU] and use sterile 6-0 sutures to close the ribs and muscles together [3.4.2.-CU].

3.4.1. Few seconds heart being placed in chest cavity

3.4.2. Few seconds sutures being placed

3.5. Use skin glue to carefully close the skin incision [3.5.1.-CU] and allow the neonate to recover under a heat lamp for about 3 minutes [3.5.2.-CU].

3.5.1. At least one drop of glue being applied/skin being closed

3.5.2. Few seconds fully recovered pup under heat lamp moving normally

3.6. Then use a 70% alcohol prep pad to clean all of the blood and glue traces from the pup [3.6.1.-CU] and return the animal to its littermates [3.6.2.-MED-TXT].

3.6.1. Few seconds pup being cleaned

3.6.2. Talent placing pup in cage (TEXT: Repeat for each pup)

3.7. After all of the surgeries have been performed [3.7.1.-MED-TXT], mix the pups with the mother’s bedding and excrement before returning neonates to the mother’s nest [3.7.2.-CU-TXT].
3.7.1. Use 3.1.1. Talent working on animal (TEXT: Bead sterilize/RT cool instruments between each surgery)

3.7.2. Few seconds pups being mixed with bedding/excrement (TEXT: Do not mix sham/surgical pups)

4. Post-Surgical Analysis
4.1. One day after surgery, count the number of sham and surgical pups to determine the survival rate within each group [4.1.1.-WIDE-TXT].
4.1.1. Talent looking at sham and surgical cages up pups (both cages visible in frame), counting pups in one cage (TEXT: e.g. >60% survival expected) 
4.2. At the appropriate time point after surgery, for each animal in turn [4.2.1.-CU], clean the chest with 70% ethanol and incise the midline skin and muscle of the chest [4.2.2.-CU].

4.2.1. CU: Few seconds chest being cleaned with ethanol (TEXT: e.g. day 1, 2 or 21 post surgery)

4.2.2. CU: Few seconds chest being incised (TEXT: Euthanasia: Decapitation or cervical dislocation)

4.3. Remove the entire heart from the thoracic cavity [4.3.1.-CU] and fix the tissue in 5 ml of 4% paraformaldehyde overnight at room temperature [4.3.2.-CU-TXT].

4.3.1. Few seconds heart being removed 

4.3.2. Heart being placed in PFA (TEXT: Repeat for each pup)

4.4. The next day, transfer the samples to 70% ethanol for up to one week before paraffin embedding [4.4.1.-MED].

4.4.1. Talent placing at least one heart in ethanol

4.5. After acquiring 5 micrometer-thick paraffin sections through the entire ventricle [4.5.1.-MED], stain the samples with hematoxylin and eosin and Masson's Trichrome [4.5.2.-CU] to examine the muscle replacement [4.5.3.-LM] and fibrotic responses in the resected hearts, respectively [4.5.4.-LM].

4.5.1. Talent placing slide tray onto lab bench/bring slides into lab or other similar shot

4.5.2. H or E being added to at least one side, with H&E and Masson’s Trichrome container labels visible in frame {Comment: These shots were not filmed because Leica Autostainer XL rather than traditional container is used for staining the samples}
4.5.3. 0817-figure-1A: please highlight top row of images

4.5.4. 08-17-figure-1A: please highlight bottom row of images

4.6. Using a slide scanner, manually obtain at least three foci per sample [4.6.1.-MED]. 
4.6.1. Talent adding slide to scanner

4.7. Then analyze the sample images at a 40× magnification according to the manufacturer’s instructions using the default parameters of the scanner [4.7.1.-MED].
4.7.1.  Few seconds Talent at scanner, analyzing at least one image
5. Results: Representative H&E and Masson's Trichrome staining
5.1. With a successful apical resection, within one day of the apical resection, a blood clot is effectively formed to seal the left ventricle [5.1.1.-LM].
5.1.1. 0817-figure-1A.tif: please outline/indicate black box in left top and bottom images and/or indicate right top and bottom images
5.2. A progressive resorption of the blood clot and early cardiac fibrosis is then observed [5.2.1.-LM], with its gradual replacement by myocardial tissue until the complete regeneration of the myocardium by 21 days after the resection [5.2.2.-LM].
5.2.1. 0817-figure-1BC.tif: please outline/indicate black box in left top and bottom images and/or indicate right top and bottom images in 2 days post surgery half of figure
5.2.2. 08-17-figure-1BC.tif: please outline/indicate black box in left top and bottom images and/or indicate right top and bottom images in 21 days post-surgery half of figure
5.3. Indeed, by three weeks after the surgery, no differences between the resected [5.3.1.-LM] and sham-operated hearts are apparent by morphological analysis [5.3.2.-LM].
5.3.1. 0817-figure-1CD.tif: please highlight/indicate 21 days post surgery half of figure

5.3.2. 0817-figure-1CD.tif: please highlight/indicate 21 days post sham-operation half of figure
6. Conclusion (said by authors on camera)
6.1. Jianhua Xiong: Once mastered, this technique can be completed within 10 minutes if it is performed properly.

6.2. Jianhua Xiong: While attempting this procedure, it’s important to remember to maintain sterile conditions.

6.3. Jianhua Xiong: Following this procedure, other methods, like cardiomyocyte labeling and lineage tracing, can be performed to answer additional questions about cardiomyocyte proliferation in apical resection.

6.4. Jianhua Xiong: After its development, this technique paved the way for researchers in the field of cardiac research to explore heart regenerative responses in neonatal mice.

6.5. Jianhua Xiong: After watching this video, you should have a good understanding of how to perform apical resection in neonatal mice.

6.6. Jianhua Xiong: Don't forget that working with skin glue can be extremely hazardous and that precautions such as using protective eyewear should always be taken while performing this procedure.   

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.  

0817-figure-1A.tif

0817-figure-1BC.tif

0817-figure-1CD.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 are included in the email accompanying the finalized script.
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