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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: ____________Leica S6E

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

1. Preparation of the syringe with a small cannula to avoid perforation of the left myocardial wall

2. Injection of cells in the left ventricular myocardial wall using a precision syringe

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _The most difficult aspect of this procedure is the injection of the correct amount of cells in the wall of the left myocardium avoiding the perforation of the wall and the consequent undesired access to the ventricular cavity. To ensure this, we place a small plastic cannula (from an introcan-W 20G) on the injection needle leaving exposed 1mm of the needle. This will prevent the needle from perforating the left ventricular wall and injecting the cells into the left ventricle cavity instead of the myocardial wall. 

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 deliver a specific amount of cells in the left ventricular myocardium of a murine heart and to be able to visualize the injected cells one week after injection. (Intro)
The first step is to prepare the selected cells by incubating them with DAPI for two hours. (P1)
Next, a thoracotomy through the left-fourth intercostal space is performed to expose the heart. (P2)
The cells are then loaded in a syringe equipped with a small plastic cannula to avoid perforation of the ventricular wall. (P3)
The final step is to inject the correct amount of cells into the wall of the left ventricle. (P4)
Ultimately, histology and energy dispersion spectrometry are used to show the presence of the injected cells in the left myocardium one week after injection. (P5)
P1: LAB MEDIA: Graphic overview Poggioli et al. ppt, slide 2,  Start with the petri dish and then add the text above “Cells labeled with DAPI for 2 hours before injection”
P2: Can we use images from “A Murine Closed-chest Model of Myocardial Ischemia and Reperfusion” (time: 00:25 to 00:30) to show the thoracotomy? 
P3:  LAB MEDIA: Graphic overview Poggioli et al. ppt, slide 2 and 3, starting with the cells in the petri dish, load them into the syringe (or stock photo of syringe) and then place a cannula over the needle leaving the very end exposed. (cannula can be a box inserted over the needle shaft)
P4: LAB MEDIA: Graphic overview Poggioli et al. ppt, slide 3, puncture the heart with the needle and fade in a white spot at the site of injection

P5: LAB MEDIA: figure 2
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

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. Tommaso: The main advantage of this technique over existing methods, is simply that you avoid injecting the cells into the left ventricular cavity and that you can trace the cells by staining them with DAPI.   

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. Pre-surgical Preparations
2.1. The HEK293 cells used to demonstrate this procedure are grown in DMEM media and are provided with fresh media every two days. To facilitate cell tracking, incubate the cells with DAPI for 2 hours before injecting. 

2.1.1. WIDE: Talent retrieves cells
2.1.2. MED: Talent walks up to hood with cells in hand
2.1.3. MED: Talent adds DAPI to cells
2.2. Immunodepleted mice are kept in a temperature-controlled isolator with sterile food pellets and water before each surgery.

2.2.1. MED: Talent retrieves a cage of mice. Text Overlay (NOD.CB17-Prkdscid/JHliHSD).
2.4
To begin, position a heating pad in the work area to maintain the correct body temperature during surgery.


2.4.1 MED: Talent arranges heating pad
2.3. Clean  the working area with 70% Ethanol and arrange the autoclave-sterilized surgical tools needed for the procedure.
2.3.1. MED: Working in the hood, talent cleans area with 70% ethanol

2.3.2. MED: Talent arranges surgical tools, if possible, showing that they have been sterilized

2.4. [moved] Position a heating pad in the work area to maintain the correct body temperature during surgery.

2.4.1. MED: Talent arranges heating pad

2.5. Next, prepare the recovery cage by placing a clean, autoclaved cage on a heating pad.  

2.5.1. MED: Talent prepares recovery area, heating pad should be in view

2.6. When ready, transport the mice in their original cages from the isolator to the surgery room in a sterile autoclaved bag. 

2.6.1. MED: Talent transports mice in sterile bag
2.6.2. MED: Talent places mice in sterile bag

2.7. After administering an anesthetic, confirm sedation by the absence of the hind limb withdrawal reflex.

2.7.1. MED: Talent uses toe pinch to confirm anesthesia. Text Overlay (Domitor 1mg/Kg; Ketaset 75mg/kg, s.c.),

2.8. [moved] Use hair removal cream to remove the fur from the left side of the chest and the throat area.

2.8.1. MED: Talent wipes away hair from the area after applying cream

2.9. Next, place the mouse on the surgery panel in a supine position. 
2.9.1. MED: Over the shoulder shot of Talent arranging animal in correct position
2.8
 Use hair removal cream to remove the fur from the left side of the chest and the throat area.


2.8.1. MED: Talent wipes away hair form the area after applying cream
2.10. After injecting an analgesic solution subcutaneously, cover the shaved area with the aseptic solution.

2.10.1. MED: Talent injects analgesic solution and sterilizes the surgical area. Text Overlay (0.1-0.2 micrograms/grams, s.c., Vetergesic)
3. Surgical Procedure

3.1. While viewing the area under a microscope, make a midline incision slightly below the cricoid cartilage. 

3.1.1. SCOPE: Talent makes incision

3.2. Break through the connective tissue to visualize the salivary glands. Split the salivary glands at their natural midline by pulling them apart with forceps. 

3.2.1. SCOPE: Talent isolates the salivary glands

3.2.2. SCOPE: Talent separates salivary glands and connective tissue
3.3. Next, insert two chest retractors to expose the trachea.

3.3.1. SCOPE: Talent inserts chest retractor to expose trachea
3.4. Expose the larynx by pulling the tongue gently to one side and then slide a 22 g metal intubation tube carefully into the trachea. If properly inserted, the tube tip should be visible through the trachea. 

3.4.1. SCOPE: Talent pulls tongue to the side

3.4.2. SCOPE: Talent intubates animal

3.4.3. SCOPE: Shot of the tube tip visible through the trachea
3.5. Secure the tube with tape before connecting it to the ventilation machine. 
3.5.1. MED: Talent tapes the tube in place

3.6. Set the stroke volume at 200 microliters and the stroke/minute at 130. Adjust tidal volume and respiratory frequency depending on the weight of the animal. 

3.6.1. MED: Talent sets the stroke volume and stroke/minute

3.6.2. MED: Talent adjusts the volume and respiratory frequency

3.7. Next, make an incision over the left thoracic area. Carefully separate through the connective tissue and major and minor pectoralis muscles to visualize the ribcage.

3.7.1. SCOPE: Talent makes an incision and separates the connective tissue
3.7.2.  Additional step SCOPE: Talent insert 4 retractors to separate major and minor pectoralis muscles
3.7.2 3.7.3 SCOPE: Talent visualizes rib cage

3.8. Perforate the intercostal muscle layer between the third and fourth ribs with small, rounded forceps and insert a chest retractor to open the chest cavity. 

3.8.1. SCOPE: Talent perforates the ribs
3.8.2. SCOPE: Talent inserts chest retractor

3.9. Visualize the upper and middle parts of the left ventricle with its overlying atrium. 
3.9.1. SCOPE: Talent isolates the left ventricle
In 3.10 we have changed the order of the scenes but the below numbers correspond to the numbers on the board during the shooting.
3.10. At this point, the cells needed for injection should be prepared in a syringe with a 30 gauge needle. To prevent the needle from perforating the left ventricular wall, tape a small plastic cannula over the needle leaving only 1 mm exposed.

3.10.2 3.10.1
CU: Talent tapes cannula over needles

3.10.3
3.10.2
ECU: Shot of the end of needle, showing how much is left exposed

3.10.1 3.10.3 MED: Talent holds up filled syringe
3.11. With the help of a 5X objective, visualize the left ventricle and inject the cells into the ventricle wall. Slowly withdraw the needle to prevent the backwash of cells. Inject cells into five different locations.

3.11.1. SCOPE: Talent injects cells into ventricle wall, focus on the angle and depth of the needle
3.11.2. SCOPE: Talent withdraws needle from ventricle wall

3.11.3. SCOPE: Talent moves to the next location and performs second injection

3.12. If the injection is successful, a white area will be visible at the injection location. Animals with unsuccessful injections should be excluded from the analysis.
3.12.1. SCOPE: Shot focused on the white area as it forms during injection
3.12.2. SCOPE: Talent performs an unsuccessful injection OR remove this from the script

3.13. After injecting the cells, remove the retractor and close the thoracic wall with two silk sutures.

3.13.1. MED: Talent removes retractor

3.13.2. MED: Talent closes incision

3.14. Moisturize the pectoral muscles and skin with a cotton tip drenched in PBS and gently put the muscles back into the original position with forceps. 

3.14.1. CU: Talent applies moist cotton tip

3.14.2. CU: Talent places muscles back in place

3.15. Next, close each of the incision sites with silk sutures.

3.15.1. MED: Talent closes incision
3.15.2. Additional step MED: Talent closes throat incision

3.16. Once the wounds are closed, inject antisedan to revert the anaesthetic effects.
3.16.1. MED: Talent injects antisedan. Text overlay (1mg/kg)
3.16.2. Additional step MED: Talent cleans wounds with aseptic solution
3.17. When the mouse starts breathing autonomously, remove the tube from the trachea and put the mouse on its right side. 

3.17.1. MED: Talent removes tube and places animal on right side

3.18. When the animal is ambulatory, place it in a warm recovery cage and monitor until fully recovered.  

3.18.1. MED: Talent places animal in recovery cage
4. Results: Cell Expression Detection after Injection

4.1. One week after injection, heart samples were processed for haematoxylin and eosin staining to confirm that HEK293 cells were present in the ventricle wall (4.1.1). Trichrome stained tissues show that the cells were grouped in the same area where they were injected (4.1.2). Control, sham-operated mice showed no damage in the whole heart (4.1.3) and integrity of the tissue (4.1.4).  DAPI labelling of the cells before injection helped to further distinguish between the injected cells and the host tissue (4.1.5). 
4.1.1. LAB MEDIA: figure 1, panel A, place an arrow pointing at the blue oval
4.1.2. LAB MEDIA: figure 1, panel B
4.1.3. LAB MEDIA: figure 1, panel C
4.1.4. LAB MEDIA: figure 1, panel D
4.1.5. LAB MEDIA: figure 1, panel E, maybe just show the left hand panel (Left ventricle)
4.2. The injected cells were surrounded by a thin layer of fibrotic tissue, which appeared as a blue area in the trichrome staining (4.2.1). Cells were not connected with the host myocardial tissue, as shown by Energy Dispersion Spectrometry (4.2.2), likely due to their non-contractile function and different cellular structure. 
4.2.1. LAB MEDIA: figure 2, panel A
4.2.2. LAB MEDIA: figure 2, panel B
4.3. The arrows point to small areas of damage where the needle was injected (4.3.1). Injected cells, denoted by the green arrow, were present in the proximity of the injured area, marked by black arrows (4.3.2). In addition, DAPI-positive cells were visible along the site of injection (4.3.3). The Tunel assay did not show increased apoptotic cells at the site of injury, suggesting that necrosis rather than apoptosis had occurred after injection (4.3.4).
4.3.1. LAB MEDIA: figure 3, panel A
4.3.2. LAB MEDIA: figure 3, panel B
4.3.3. LAB MEDIA: figure 3, panel C
4.3.4. LAB MEDIA: figure 3, panel D
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

5. 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.
5.1. Tommaso: After watching this video, you should have a good understanding of how to successfully inject cells into the myocardium of an anesthetized mouse without puncturing into the ventricular cavity.
Provided Media

Authors, please list all additional 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.

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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