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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Yes  
If Yes, can you record movies/images using your own microscope camera?
No  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Dissection stereo- zoom microscope, vwr (10836-004)

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

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 5 min walking distance.
 


Current Protocol Length

Number of Steps:  26
Number of Shots:  51

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Ruibing Xia: We describe a protocol for microdissection and subsequent isolation of cardiac resident macrophages by fluorescence-activated cell sorting specifically from sinus and AV node in the mouse.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Sebastian Clauss: With the precise microdissection of SAN and AVN, followed by the combination of magnetic activated cell sorting and fluorescence-activated cell sorting, we are able to specifically isolate resident macrophages from the sinus and AV node at high purity.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL: 
1.3. Sebastian Clauss: Identification and isolation of cardiac resident macrophages from distinct regions in the heart allows to further study their phenotype and their region-specific impact on the cardiac electrophysiology.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Ethics Title Card
1.4. Animal care and all experimental procedures were conducted in accordance with the guidelines of the Animal Care and Ethics committee of the University of Munich. All procedures undertaken on mice were approved by the Government of Bavaria, Munich, Germany.

Protocol

2. Microdissection of SAN and AVN
2.1. After isolating the heart, perform the microdissection procedures in a dissection dish with ice-cold 1x PBS under a dissecting microscope [1].
2.1.1. WIDE: Establishing shot of talent at the microscope.

2.2. Use cardiac anatomical landmarks such as aorta, pulmonary artery, coronary sinus, and left or right ventricle to determine the left-right and anterior-posterior of the heart. After the orientation is determined, position the heart with the front at the bottom of the dish to expose the posterior large veins [1].
2.2.1. SCOPE: Talent positioning the heart.

2.3. For microdissection of SAN (S-A-N), expose the inter-caval region by pining the right atrial appendages and the tissue adjacent to the superior vena cava and inferior vena cava on the microsection dish [1-TXT]. Videographer: This step is difficult and important!
2.3.1. SCOPE: Talent pining the tissue on the microdissection dish using insect pins. TEXT: SAN-Sinoatrial node

2.4. Cut the heart along the interatrial septum parallel to the crista terminalis to separate the inter-caval region and to obtain the SAN sample [1]. Put the sample in an empty 1.5-milliliter microcentrifuge tube on ice [2].
2.4.1. SCOPE: Talent cutting the heart along the interatrial septum parallel to the crista terminalis to obtain the SAN sample.
2.4.2. Talent putting the sample in the microcentrifuge tube on ice.

2.5. For microdissection of AVN (A-V-N), pin the remaining parts of the heart through the tissue adjacent to the interatrial septum and interventricular septum to face the right atrial side of the interatrial septum up [1-TXT].
2.5.1. SCOPE: Talent pining the tissue facing the right atrial side upwards. TEXT: AVN-Atrioventricular node

2.6. Look at the right atrium on the endocardial surface for the triangle of Koch, which will be bordered anteriorly by the hinge-line of the septal leaflet of the tricuspid valve, and posteriorly by the tendon of Todaro. The orifice of the coronary sinus is observed at the base [1]. Videographer: This step is difficult and important!
2.6.1. SCOPE: Talent looking for the triangle of Koch.

2.7. Cut the triangle of Koch, which contains the AVN [1], and put it in an empty 1.5-milliliter microcentrifuge tube on ice [2].
2.7.1. SCOPE: Talent cutting the triangle of Koch.
2.7.2. Talent putting the AVN sample in the microcentrifuge tube.
3. Digestion
3.1. Mince the SAN and AVN tissue with scalpels [1], then add 500 microliters of freshly prepared digestion buffer to each sample and wash all minced tissue from the wall of the microcentrifuge tube [2]. Gently pipette to help digest the sample [3] and homogenize the tissue on a vortex machine [4-TXT]. Videographer: This step is important!
3.1.1. Talent mincing the SAN and AVN tissue.
3.1.2. Talent adding digestion buffer washing the wall of the microcentrifuge tube.
3.1.3. Talent pipetting gently to help digesting the sample.
3.1.4. Talent placing the tube on the vortex machine. TEXT: settings: 37 °C, 750 rpm for 1 h

3.2. After digestion, transfer the tissue suspension to a fresh 15-milliliter centrifuge tube by passing it through a 40-micrometer cell strainer [1]. Rinse the cell strainer with an additional 5 milliliters of cell sorting buffer to stop the digestion [2]. Videographer: This step is important!
3.2.1. Talent transferring the tissue suspension to new tube through cell strainer.
3.2.2. Talent rinsing the cell strainer with cell sorting buffer.

3.3. Centrifuge the 15-milliliter tube at 350 times g for 7 minutes at 4 degree Celsius [1], then remove the supernatant [2] and resuspend the cell pellet with 90 microliters of cell sorting buffer [3].
3.3.1. Talent centrifuging the tube.
3.3.2. Talent removing the supernatant with a pipette.
3.3.3. Talent adding cell sorting buffer to resuspend the pellet.

4. Magnetic Enrichment of CD45 and Sample Staining
4.1. Add 10 microliters of CD45 (C-D-forty-five) microbeads per 10 million total cells to the cell suspension in a 15-milliliter centrifuge tube [1]. Mix the samples well [2] and incubate them for 15 minutes at 4 degrees Celsius [3]. 
4.1.1. Talent adding CD45 microbeads in cell suspension tube. 
4.1.2. Talent mixing the samples.
4.1.3. Talent incubating the sample in 4 degree Celsius.

4.2. Prepare the antibody mixture by diluting the antibodies in cell sorting buffer as mentioned in the text manuscript [1]. After 15 minutes of magnetic bead incubation [2], add 100 microliters of antibody mixture directly into the cell suspension in the 15- milliliter tube [3] and incubate for 20 minutes at 4 degrees Celsius [4].
4.2.1. Talent preparing the antibody mixture in cell sorting buffer.
4.2.2. Talent incubating the mixture with magnetic bead.
4.2.3. Talent adding the antibody mixture into the cell suspension. 
4.2.4. Talent incubating the solution at 4 degrees.

4.3. After 20 minutes of antibody incubation, wash the cell suspension by adding 1 to 2 milliliters of cell sorting buffer per 10 million cells [1] and centrifuge at 350 times g for 10 minutes [2]. Completely remove the supernatant by pipetting [3].
4.3.1. Talent washing the cell suspension by adding cell sorting buffer.
4.3.2. Talent centrifuging the solution.
4.3.3. Talent removing the supernatant.

4.4. Resuspend up to 100 million cells in 500 microliters of cell sorting buffer [1]. 
4.4.1. Talent adding cell sorting buffer into the cell suspension.

4.5. Prepare the magnetic separation set by attaching the magnetic column to a suitable magnetic separator [1] and then placing a collection tube under the magnetic column [2].
4.5.1. Talent attaching the magnetic column to the magnetic separator.
4.5.2. Talent placing the collection tube under magnetic column. 

4.6. Prepare magnetic columns by rinsing with 500 microliters of cell sorting buffer added at the top of the column and allowing the buffer to pass through [1]. Apply the cell suspension immediately onto the column, avoiding air bubbles while the cell sorting buffer is passing through [2].
4.6.1. Talent rinsing the column by adding cell sorting buffer at the top.
4.6.2. Talent adding cell suspension into the column.

4.7. Wash the column three times with 500 microliters of cell sorting buffer [1]. The flow-through obtained earlier contain unlabeled cells, which can be discarded if no further experiment is needed [2].
4.7.1. Talent washing the column with cell sorting buffer.
4.7.2. Talent discarding the obtained flow-through.

4.8. Remove the column from the magnetic separator [1] and place it on a new collection tube [2]. 
4.8.1. Talent removing the column from the magnetic separator.
4.8.2. Talent placing the column on the new collection tube.
4.9. Add 1 milliliter of cell sorting buffer onto the column [1]. Immediately flush the column by firmly applying the plunger supplied with the column to obtain the flow-through containing the magnetically labeled cells [2]. Videographer: This step is important!
4.9.1. Talent adding cell sorting buffer to the column.
4.9.2. Talent flushing the column using the plunger.

4.10. Add DAPI solution to all magnetically labeled cell suspensions shortly before running them on the cell sorter, adjust the final concentration of DAPI to 0.3 to 0.5 micrograms per milliliter, then perform FACS analysis [1].
4.10.1. Talent adding DAPI solution in all the magnetic labeled collected cell suspensions. 

5. Cell sorting and Gating Strategy

5.1. Apply the unstained sample and compensation tubes first and adjust the voltages of each channel to align both the positive and negative peaks to the proper position of the axis [1]. Save the compensation settings and apply it to the samples [2].
5.1.1. Talent apply the unstained samples and compensation tubes and adjust the voltages of each channel.
5.1.2. Save the compensation settings and apply it to the following samples.

5.2. Apply the samples on the cell sorter [1] and set the gating strategy as described in the text manuscript, using DAPI as a viability marker [2]. 
5.2.1. Talent applying the samples on the cell sorter.
5.2.2. LAB MEDIA: Figure 4.

5.3. Check the flow cytometry charts to confirm that the cell population of interest is properly shown on the charts [1].
5.3.1. Talent checking the flow cytometry voltage setting for each channel.

5.4. Start the sorting procedure and collect the sorted cells into culture medium [1].
5.4.1. Talent collecting the sorted cells.

6. Resident Macrophages Culture
6.1. After gathering the sorted macrophages [1], transfer the cells immediately either to 35-millimeter tissue culture dishes or to a 24-well plate, or directly use them for subsequent experiments [2]. 
6.1.1. Talent gathering the sorted macrophages.
6.1.2. Talent transferring the cells into the appropriate plate or dish.

6.2. To culture sorted macrophages, incubate the cells at 37 degrees Celsius and 5% carbon dioxide [1]. Change the culture medium every 48 to 72 hours to remove floating dead cells [2]. 
6.2.1. Talent incubating the cells in the incubator.
6.2.2. Talent changing the medium.





Results
7. Identification of SAN and AVN and Analysis of Sorted Cardiac Macrophages
7.1. To confirm a correct dissection, identification of the SAN [1] and AVN was done using immunofluorescent and Massons’ Trichrome staining [2].
7.1.1. LAB MEDIA: Figure 3A and 3B. Video editor focus on the region covered by red dotted line in Figure 3B. 
7.1.2. LAB MEDIA: Figure 3C and 3D. Video editor focus on the black arrow and the region covered by black dotted line in Figure 3D.

7.2. Immunofluorescent staining of HCN4 (H-C-N-four) positive conduction system cells in the SAN [1] and AVN [2] as well as Masson’s trichrome staining of SAN [3] and AVN is shown here [4].
7.2.1. LAB MEDIA: Figure 3A.
7.2.2. LAB MEDIA: Figure 3C.
7.2.3. LAB MEDIA: Figure 3B.
7.2.4. LAB MEDIA: Figure 3D.

7.3. The gating strategy for cell sorting of resident cardiac macrophages helped to identify mononuclear cells by exclusion of doublets in the forward scatter area of the y axis versus that of the x axis [1]. Dead cells were excluded by DAPI [2].
7.3.1. LAB MEDIA: Figure 4A, 4B, and 4C. Video editor focus on the FSC-A and FSC-W graphs.
7.3.2. LAB MEDIA: Figure 4D.

7.4. Live cells were gated for CD45+ (C-D-forty-five-positive) leukocytes [1], then for CD11b+ (C-D-eleven-B-positive) myeloid cells [2]. 
7.4.1. LAB MEDIA: Figure 4E.
7.4.2. LAB MEDIA: Figure 4F. 

7.5. Cardiac macrophages were identified by the expression of both F4/80 (F-four-eighty) and CD64 (C-D-sixty-four) [1], then stratified by lymphocyte antigen-6 expression [2]. 
7.5.1. LAB MEDIA: Figure 4G.
7.5.2. LAB MEDIA: Figure 4H.
          
7.6. Freshly sorted cells were observed under brightfield microscopy [1]. The cells were positive for CD45 when observed under the fluorophore-PE channel [2]. When observed under fluorophore-APC-Cy7 (A-P-C-sigh-7) channel, the same view of the sorted cells showed CD11b+ (C-D-eleven-B-positive) cells [3].
7.6.1. LAB MEDIA: Figure 5A.
7.6.2. LAB MEDIA: Figure 5B.
7.6.3. LAB MEDIA: Figure 5C.

7.7. The fluorophore-PE-Cy7 (P-E-sigh-7’) channel was used to identify the F4/80+ phenotype [1], and the triple-positive cells were identified as cardiac resident macrophages [2].
7.7.1. LAB MEDIA: Figure 5D.
7.7.2. LAB MEDIA: Figure 5E.

7.8. Isolated cardiac macrophages cultured in medium for up to 6 days are indicated with white arrows [1], while the black arrows indicate dead cells [2].
7.8.1. LAB MEDIA: Figure 6. Video Editor: Emphasize where the white arrows are pointing. 
7.8.2. LAB MEDIA: Figure 6. Video Editor: Emphasize where the black arrows are pointing.



Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Sebastian Clauss: Sorted macrophages can be used for further functional studies such as patch-clamp experiments or expression studies such as RNA sequencing or proteomics studies.

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested b-roll: 5.4.1.







 2021, Journal of Visualized Experiments		March 15, 2021	Page 15 of 15
image1.png




