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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  yes  
If Yes, can you record movies/images using your own microscope camera?
No  
If No, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Zeiss: Stemi 2000-C and Leica A60

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?   No

 

Introduction
1. Introductory Interview Statements
[bookmark: _Hlk28591455][bookmark: _Hlk28954045]
Videographer: Interviewee headshots are required. Take a headshot for each interviewee. 

[bookmark: _Hlk28591522]Authors: While filming the interview portion, our videographer will also photograph you for the JoVE Dedicated Author Webpage. Please look at this example. For questions about the author profile pages and pictures, please contact author.liaison@jove.com.
1.1. Keerat Kaur: Modified RNA is a novel method for gene transfer to the heart and other organs. This protocol will provide accurate approach of delivering desired genes transiently into the heart, post myocardial infarction.
1.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
1.2. Nishat Sultana: This method is not limited to myocardial infarction but can also be applied to ischemia/reperfusion and Transverse Aortic Constriction models.
1.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
1.3. [bookmark: _Hlk34218918]Keerat Kaur: ModRNA is being used in several human clinical trials. However, there is no standardized protocol for gene transfer into the heart using modRNA. Visual demonstration will enable researchers to correctly inject modRNA at the appropriate sites.
1.3.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.



Introduction of Demonstrator on Camera
1.4. Nishat Sultana: Demonstrating the procedure will be Ajit Magadum, a postdoctoral fellow, and Elena Chepurko, an animal supervisor from our laboratory.
1.4.1. INTERVIEW: Author saying the above. 
1.4.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.
Ethics Card
1.5. All animal procedures outlined here have been approved by Icahn School of Medicine at Mount Sinai Institutional Care and Use Committee. 


Protocol
2. Preparation of modRNA Injection
2.1. Based on the concentration of the previously prepared modRNA, calculate the volume of modRNA needed for a 100-microgram injection [1-TXT].	
2.1.1. Talent measures out calculated amount of modRNA. TEXT: Modified RNA encoding for any desired protein can be used.
2.2. Mix equal volumes of sucrose and citrate solutions [1]. Then, add the calculated volume of modRNA and enough saline solution to bring the injection volume to 60 microliters [2]. Videographer: This is one of the most important steps for viewers to see.
2.2.1. Talent mixes sucrose and citrate solutions.
2.2.2. Talent adds modRNA to the saline solution mixture made in 2.2.1.
3. Myocardial Infarction Surgery
3.1. After anesthetizing the animal, place it ventral side up, with its mouth facing toward the experimenter [1]. Then, to maintain an open airway by performing intratracheal intubation, gently pull out the tongue [2]. Adjust the angle of the neck to straighten the intubation path, push in the intubation cannula [3].
3.1.1. Talent places mouse on its front, with its mouth facing toward the talent.
3.1.2. Talent gently pulls out the tongue.
3.1.3. Talent adjusts the angle of the neck and inserts a tube.
3.2. Observe the thoracic movement of the mouse to verify that both lungs are receiving oxygen [1]. The respiratory rate should be approximately 120 breaths per minute [2].
3.2.1. View of mouse’s chest expanding and contracting.
3.2.2. Talent checks ventilator.
3.3. To begin the LAD ligation, turn the mouse carefully onto its right side [1-TXT]. Lift the skin and perform a left-sided thoracotomy between the 3rd and 4th ribs [2]. Use a cautery to prevent bleeding [2].
3.3.1. Talent turns mouse onto its right side. TEXT: LAD: left anterior descending artery
3.3.2. Talent lifts skin and makes incision.
3.3.3. Talent cauterizes blood vessels.
3.4. Open the thorax carefully, without touching the lungs with any sharp objects [1]. Place retractors into the incision to keep the thoracic cavity open [2], providing a clear view of the heart [3]. 
3.4.1. Talent opens the thorax.
3.4.2. Talent places retractors into the incision.
3.4.3. View of the heart.
3.5. Next, move the lungs to the edge of the incision [1], and remove the part of the pericardial sac that is covering the heart [2].
3.5.1. Talent moves the lungs to the side of the incision.
3.5.2. Talent removes part of the pericardial sac.
3.6. Carefully identify the LAD, a deep, light-red vessel located between the pulmonary artery and the left auricle [1]. Ligate the proximal LAD with a single silk suture [2]. Then, place a chest tube between the 4th rib and the 5th rib [2].
3.6.1. SCOPE: View of the artery.  
3.6.2. SCOPE: Talent sutures the artery. 
3.6.3. SCOPE: Talent places a chest tube between the 4th and 5th ribs.
3.7. Using an insulin syringe, deliver a total of 60 microliters of the modRNA solution to the heart [1]. Inject 20 microliters intramuscularly at three different sites: one site on each side of the ligation and one in the apex of the heart [2-TXT]. Videographer: This is one of the most important steps for viewers to see.
3.7.1. SCOPE: Talent begins injecting modRNA.
3.7.2. SCOPE: Talent continues injecting modRNA. Video editor: show footage on one side of the screen, and show Figure 1A on the other side with text overlay. TEXT: a: ligation; b, c, d: injection sites
3.8. [bookmark: _Hlk33566915]Keerat Kaur: The best way to inject the modRNA in the correct sites is to observe the discoloration of the tissue under the microscope a few seconds after the LAD. Also, when injecting, do not go too deep into the heart chamber [1].
3.8.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
3.9. Close the thoracic incision in layers. First, use 6-zero silk running sutures to adapt the ribs [1]. Then, use 5-zero silk running sutures to close the skin [2]. Videographer: This is one of the most important steps for viewers to see.
3.9.1. Talent sutures the ribs.
3.9.2. Talent sutures the skin.
3.10. For the recovery phase, remove the cannula and allow spontaneous breathing [1]. Place the animal on a heating pad until it regains consciousness [2]. Do not leave the animal unattended until it is fully awake [3].
3.10.1. Talent removes cannula.
3.10.2. Talent places animal on heating pad.
3.10.3. Talent monitors animal during recovery.
3.11. To manage post-surgical pain, inject buprenorphine subcutaneously at 12-hour intervals for 3 days, at a dose of 0.1 milligrams per kilogram of body weight [1].
3.11.1. Talent injects animal with buprenorphine. 


Results
4. Results: Validation of modRNA Delivery 
4.1. Twenty-four hours after LAD ligation and injection of Luciferase modRNA in CFW mice, transfection was validated by checking for Luciferase protein expression using a bioluminescence imaging system [1]. 
4.1.1. LAB MEDIA: Figure 2. 
4.2. The Luciferase signal can be clearly detected in images comparing control mice to mice injected with Luciferase modRNA [1]. Quantification of the Luciferase signal shows significantly higher protein expression in treated mice than in the control mice [2].
4.2.1. LAB MEDIA: Figure 2. Video editor, emphasize Figure 2A.
4.2.2. LAB MEDIA: Figure 2. Video editor, emphasize Figure 2B.
4.3. Cre (pronounce cree) modRNA expression was validated by checking its translation and biodistribution in transgenic Rosa26mTmG (pronounce R26-M-T-M-G) mice [1]. 24 hours after surgery and Cre modRNA injection, hearts were fixed and processed for immunostaining with cardiomyocyte marker cTNI and nuclear marker DAPI [2].
4.3.1. LAB MEDIA: Figure 3.
4.3.2. LAB MEDIA: Figure 3. Video editor, emphasize Figure 3A.
4.4. Successful Cre expression was evident due to the appearance of green-colored cells [1]. A merged image shows Cre-activated cells around the two visible injection sites. Blue is the nuclear stain DAPI [2].
4.4.1. LAB MEDIA: Figure 3. Video editor, emphasize Figure 3B.
4.4.2. LAB MEDIA: Figure 3. Video editor, emphasize Figure 3C.



Conclusion
5. Conclusion Interview Statements

5.1. [bookmark: _Hlk25067257]Keerat Kaur: The modRNA platform can deliver a single gene or gene combinations in a variety of organs, and thus can be used for therapeutic purposes such as correcting genetic disorders or activating beneficial mechanisms [1].
5.1.1. INTERVIEW: Named author says the above in an interview-style statement while looking slightly off-camera.
5.2. [bookmark: _Hlk34218975]Ajit Magadum: The unique pharmacokinetics of modRNA enables us to evaluate gene function immediately after its injection. This enables researchers to target signaling pathways which are altered in the first few hours of infarction. [1].
5.2.1. INTERVIEW: Named author says the above in an interview-style statement while looking slightly off-camera.
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