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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. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
LEICA M80
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
[bookmark: Text3]SCOPE shots: 2.11, 2.12, 2.13, 2.14, 3.1
Videographer: Please film all SCOPE shots listed above using a SCOPE kit.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  There is a FACS sorting step in which gating could be shown during filming. If a screen recording is needed, please let us know and we can prepare it – Authors please submit SCREEN recordings and screen-capture summary of the FACS steps.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Authors: These files are necessary for finalizing your script, so please create screen capture videos for the shots labeled as SCREEN, create a screenshot summary, and upload all the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=22513318

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 5–10-minute walk

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Yes




Current Protocol Length
Number of Steps: 25  
Number of Shots: 50  

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Some statements have been edited for length and clarity. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Paul Cheng or João P. Monteiro: Our research focuses on how vascular cells change during disease and how these transitions contribute to atherosclerosis and vascular remodeling.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Paul Cheng or João P. Monteiro: Standard protocols struggle with vascular ECM, under-recovering medial and adventitial cells. Our protocol improves recovery while preserving viability and single-cell data quality.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Paul Cheng or João P. Monteiro: This protocol enables high quality single-cell profiling of vascular populations to study cell states, transitions, and regulatory programs in disease.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the most important consideration or challenge when performing this protocol.
1.4. Paul Cheng or João P. Monteiro: The key challenge is optimizing digestion time for each vascular tissue to release enough cells while preserving viability and RNA quality.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Are there any additional methods or analyses that can be performed following this procedure?
1.5. Paul Cheng or João P. Monteiro: Following dissociation, cells can undergo fluorescence sorting or single-cell RNA sequencing, provide nuclei for ATAC sequencing and multiomic profiling, or be propagated in vitro.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Videographer: Obtain headshots for all authors available at the filming location.

Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.


What is the key takeaway you hope viewers remember after watching your video article?
1.6. João P. Monteiro, Instructor at Stanford School of Medicine: (authors will present their testimonial statements live)
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


How does the video format of your article help you to share your work with the broader scientific community?
1.7. João P. Monteiro, Instructor at Stanford School of Medicine: (authors will present their testimonial statements live)
1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at Stanford University


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Perfusion and Vessel Exposure
Demonstrator: João P. Monteiro 

NOTE to Authors: Please consider the following key points for shots involving live animal/survival surgery (as applicable) to avoid raising concerns by JoVE’s veterinary reviewers.
· If lifting the animal by the tail, hold it close to the tail base, not far from it. 
· Shave 150% of the area surrounding a surgical site (preferably using a depilatory cream)
· Ensure that there are no skin injuries and no fur in the surgical field. 
· Prep the surgical site with both iodine-based scrubs and alcohol. 
· Use sterile gloves only for surgery (not examination or non-sterile gloves). 
· Make skin incisions with a surgical blade, not scissors. 
· Avoid using silk thread for closing skin incisions in survival surgeries. 

2.1. Begin by preparing required buffers, digestion solution, and collection tubes as described [1-TXT]. Next, anesthetize the mouse in an induction chamber [2-TXT]. Confirm deep anesthesia by the absence of a withdrawal response to toe pinch [3].
2.1.1. WIDE: Talent arranging the prepared buffers, and collection tubes on ice, and gently mixing the digestion solution. TXT – See text protocol for buffers, digestion solution and collection tube preparation details
2.1.2. WIDE: Talent anesthetizing the mouse in the induction chamber. TXT- Anesthesia: 3% Isoflurane at 1L/min O2 and 20mm of Hg
2.1.3. CU: Talent confirming deep anesthesia by checking the withdrawal response to toe pinch.

2.2. Place the mouse supine on a dissection pad and position the nose cone [1]. Redirect the isoflurane flow to the cone, secure the limbs [2], and spray the abdomen and thorax with 70 percent ethanol [3].
2.2.1. WIDE: Talent positioning a nose cone onto the supine mouse.
2.2.2. Talent redirecting the isoflurane flow to the nose cone and securing the limbs.
2.2.3. Talent spraying the abdomen and thorax with 70 percent ethanol.

2.3. Using dissection scissors and blunt forceps, make a skin incision from the lower abdomen to the upper thorax [1]. Open the abdominal wall below the rib cage, cut through the diaphragm [2], and open the thoracic cavity to expose the heart and lungs [3]. 
2.3.1. CU: Talent making a midline skin incision from the lower abdomen to the upper thorax.
2.3.2. CU: Talent opening the abdominal wall and cutting the diaphragm.
2.3.3. CU: Talent opening the thoracic cavity to expose the heart and lungs.

2.4. Insert a 25-gauge needle into the left ventricle and perfuse with 10 milliliters of PBS by gravity flow [1]. Immediately open the right atrial appendage for drainage [2] and continue until the fluid runs clear and the liver appears blanched [3].
2.4.1. CU: Talent perfusing 10 milliliters of PBS through the left ventricle.
2.4.2. Talent opening the right atrial appendage for drainage.
2.4.3. Talent continuing perfusion till the fluid runs clear and the liver appears blanched.

2.5. Open the rib cage and remove the lungs to expose the descending aorta, vena cava, and esophagus [1]. Remove the vena cava and esophagus to improve access to the aorta [2]. 
2.5.1. CU: Talent opening the rib cage to remove the lungs so that the descending aorta, vena cava, and esophagus are exposed.
2.5.2. CU: Talent removing the vena cava and esophagus to improve access to the aorta.
Authors : Please point out the organs or veins before dissecting.
2.6. Under a stereo microscope with appropriate illumination, carefully remove perivascular adipose tissue around the heart, pulmonary artery, aortic root, and aortic arch without forcefully stripping the adventitia [1].
2.6.1. SCOPE: Perivascular adipose tissue being carefully removed from around the heart, pulmonary artery, aortic root, and aortic arch while preserving the adventitia.
Videographer: Please film all SCOPE shots using a SCOPE kit.

3. Isolation of the Aortic Root and Ascending Aorta
Demonstrator: João P. Monteiro 

3.1. For aortic root and proximal aorta isolation, hold the heart gently and cut below the aortic root to remove excess cardiac tissue [1]. Trim away the remaining cardiac muscle until only the pale aortic root is visible [2], then cut the proximal aorta below the brachiocephalic artery [3]. 
3.1.1. SCOPE: Talent holding the heart gently and cutting below the aortic root to remove excess cardiac tissue.
3.1.2. SCOPE: Talent trimming the remaining cardiac muscle 
3.1.3. SCOPE: Talent cutting the proximal aorta below the brachiocephalic artery.

3.2. Transfer the vessel to cold PBS [1], wash it three times in clean cold PBS, and keep it on ice while additional samples are collected, minimizing the time to digestion [2].
3.2.1. CU: Talent transferring the isolated vessel into cold PBS in a small culture dish.
3.2.2. Talent washing the vessel three times in clean cold PBS before placing the washed sample on ice.

4. Vascular Tissue Digestion and Dissociation
Demonstrator: João P. Monteiro, Matthew D. Worssam 

4.1. Open the vessel longitudinally with fine dissection scissors [1]. Remove obvious nonvascular tissue and large fat deposits while avoiding forceful stripping of the adventitia [2]. 
4.1.1. SCOPE: Talent opening the isolated vessel longitudinally with fine dissection scissors.
4.1.2. SCOPE: Talent removing obvious nonvascular tissue and large fat deposits while preserving the adventitia.

4.2. Transfer the opened tissue into 1 milliliter of cold digestion solution in a 12-well dish or a cut round-bottom tube that permits direct access with fine scissors [1].
4.2.1. CU: Talent transferring the opened vessel into 1 milliliter of cold digestion solution.

4.3. Incubate the sample at 37 degrees Celsius on a nutating rocker for 30 to 45 minutes, depending on the degree of vessel calcification [1-TXT]. 
4.3.1. WIDE: Talent placing the sample on a nutating rocker in a 37 degrees Celsius incubator. TXT- See text protocol for incubation time details

4.4. After incubation, mince the tissue with iris scissors for 1 to 3 minutes, until the fragments are small and evenly dispersed [1]. Pipette the sample 20 to 30 times with a P1000 (P-one thousand) pipette to complete dissociation [2], then inspect under a microscope to confirm that the suspension contains mostly single cells with minimal clumps [3].	Comment by Joao P. Monteiro: These changes may need to updated in the manuscript as well.	Comment by Ruchira  Mukherji: Yes, you will get a chance to make these edits once you receive the proofs for your article.
4.4.1. CU: Talent mincing the incubated tissue with iris scissors until the fragments are small and evenly dispersed.
4.4.2. CU: Talent pipetting the sample 20 to 30 times with a P1000 pipette.
4.4.3. SCOPE: A representative aliquot containing mostly single cells with minimal clumps.

5. Washing and Filtering the Single-Cell Suspension
Demonstrator: Matthew D. Worssam

5. Transfer the digested cell suspension to a 2-milliliter microcentrifuge tube [1]. Rinse the original vessel with 500 microliters of cold HBSS (h-b-s-s) to recover any remaining cells, then transfer to the same microcentrifuge tube [2]. Centrifuge at 500 g for 5 minutes at 4 degrees Celsius [3].
1. CU: Talent transferring the digested suspension into a 2-milliliter microcentrifuge tube.
1. CU: Talent rinsing the original vessel with 500 microliters of HBSS and adding it to the previous tube.
1. WIDE: Talent placing the tube containing the cell suspension in a pre-cooled centrifuge.

5. Carefully remove the supernatant without disturbing the pellet and confirm that the pellet remains at the bottom of the tube [1]. Resuspend the pellet in 200 to 400 microliters of cold HBSS or another downstream-compatible buffer [2]. 
2. ECU: Talent removing the supernatant without disturbing the pellet at the bottom of the tube.
2. CU: Talent resuspending the pellet in a desired volume of cold HBSS.

5. Immediately before FACS (facs) or staining, pass the suspension through a 35-micrometer strainer-cap tube [1]. Keep the filtered suspension on ice and proceed immediately to sorting [2].
3. CU: Talent filtering the suspension through a 35-micrometer strainer-cap tube. 
3. Talent placing the filtered cell suspension on ice before starting cell sorting.


6. Cell-Sorting and Collection
Demonstrator: Matthew D. Worssam

6.1. On the flow cytometer [1], display forward-scatter area, or FSC-A (F-S-C-A), against side-scatter area, or SSC-A (S-S-C-A), and define a broad cell gate that includes the expected vascular populations while excluding subcellular debris [2]. Exclude doublets and larger aggregates by retaining proportional events on an FSC-H-versus-FSC-A plot [3] or when sufficient events are available, apply an additional SSC-H-versus-SSC-A singlet gate [4].
6.1.1. WIDE: Talent at the flow cytometer, preparing the sample and instrument for analysis.
6.1.2. SCREEN: A broad FSC-A versus SSC-A cell gate being defined to include vascular populations and exclude debris.
6.1.3. SCREEN: An FSC-H versus FSC-A singlet gate being applied to exclude doublets and larger aggregates.
6.1.4. SCREEN: An additional SSC-H versus SSC-A singlet gate being applied when sufficient events become available.
Authors: Please create screen capture videos for the shots labeled as SCREEN, create a screenshot summary, and upload all the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=22513318

6.2. Collect each population into a BSA-coated tube containing a small volume of chilled HBSS, positioning the tube so that sorted droplets contact the liquid [1]. Maintain collection tubes at 4 degrees Celsius and periodically confirm that the sample has not accumulated on the tube wall [2]. Proceed immediately to the downstream single-cell workflow or, the nuclei-isolation procedure as per protocol [3].
6.2.1. CU: A BSA-coated collection tube containing chilled HBSS being positioned so that sorted droplets contact the liquid.
6.2.2. CU: The collection tube being maintained at 4 degrees Celsius and inspected for sample accumulation on the wall.
6.2.3. WIDE: Shot of talent loading the sample onto a single-cell chip. (Representative shot)

7. Nuclei Isolation for Single-Cell ATAC Sequencing or Multiome
Demonstrator: João P. Monteiro 

7.1. For the nuclei workflow, prepare reagents and buffers as described in the text protocol [1]. Centrifuge the sorted or unsorted cells at 500 g for 10 minutes at 4 degrees Celsius [2]. Carefully remove the supernatant without disturbing the pellet [3]. 
7.1.1. WIDE: Talent preparing the required reagents and buffers. 
7.1.2. Talent placing tubes containing sorted or unsorted cells in the centrifuge.
7.1.3. Talent carefully discarding the supernatant from a representative tube without disturbing the pellet.

7.2. Add 45 microliters of cold diluted lysis buffer and mix gently three times with the same tip [1]. Incubate on ice for 10 minutes and add 50 microliters of chilled wash buffer without mixing [2]. After centrifuging again under the same conditions, carefully remove 95 microliters of supernatant [3].
7.2.1. CU: Talent adding cold lysis buffer to the pellet and mixing gently.
7.2.2. Talent adding chilled wash buffer to samples already kept on ice.
7.2.3. Talent gently removing 95 microliters of supernatant from a representative tube after centrifugation. 

7.3. Add 45 microliters of nuclei buffer [1], centrifuge at 500 g for 10 minutes at 4 degrees Celsius [2]. After removing the supernatant without disturbing the pellet, resuspend the nuclei in 10 microliters of buffer for counting [3]. After counting, adjust the nuclei concentration to obtain approximately 10,000 to 15,000 nuclei per single-cell ATAC sequencing capture or follow platform recommendations [4].
7.3.1. CU: Talent adding 45 microliters of nuclei buffer to the pellet to resuspend it.
7.3.2. Talent placing the tube back in a pre-cooled centrifuge for 10 minutes.
7.3.3. Talent resuspending the nuclei pellet in 10 microliters of buffer after discarding the supernatant.
7.3.4. Talent adjusting the nuclei concentration using buffer to meet the sequencing platform recommendation.














Results

8. Results 

8.1. Single-cell library quality-control metrics showed broadly comparable distributions across the replicate libraries for mitochondrial and ribosomal gene content, library complexity, transcript counts, and the number of unique genes detected per cell [1]. 
8.1.1. LAB MEDIA: Figure 4. Video Editor: Sequentially highlight the violin plots in Panels A–E across the upper two rows and where present, also highlight the red dashed quality-control reference lines.

8.2. The number of detected genes varied among the major cell populations, reflecting differences in transcriptional complexity across cell types [1].
8.2.1. LAB MEDIA: Figure 4. Video Editor: In Panel F, please highlight the differently colored violin plots to show variation in the number of unique genes detected across the identified cell types.
 
8.3. UMAP analysis resolved distinct smooth muscle, endothelial, stromal, immune, and other cell populations [1], with smooth muscle cells representing the largest proportion of the single-cell RNA sequencing dataset [2]. 
8.3.1. LAB MEDIA: Figure 4. Video Editor: In Panel G on the lower left, highlight the distinct color-coded UMAP clusters and their cell-type labels. 
8.3.2. LAB MEDIA: Figure 4. Video Editor: In Panel H directly below, highlight the corresponding pie-chart segments, emphasizing the large green smooth muscle cell population.

8.4. Xenium analysis preserved the spatial organization of these cell populations within the aortic root [1]. After cardiomyocytes were excluded, macrophages, smooth muscle cells, modulated smooth muscle cells, and adventitial fibroblasts comprised the major populations within the delineated region [2].
8.4.1. LAB MEDIA: Figure 4. Video Editor: In Panel I at the lower center, highlight the dotted boundary defining the aortic root and the color-coded cells distributed within it. 
8.4.2. LAB MEDIA: Figure 4. Video Editor: In Panel J, highlight the major macrophage, smooth muscle cell, modulated smooth muscle cell, and adventitial fibroblast segments after exclusion of cardiomyocytes.
 
8.5. Spatial analysis of the ascending aorta [1] showed a prominent representation of smooth muscle and modulated smooth muscle cells, together with macrophages, adventitial fibroblasts, and endothelial cells [2].
8.5.1. LAB MEDIA: Figure 4. Video Editor: In Panel K on the lower right, highlight the spatial distribution of the major cell populations in the ascending aorta. 
8.5.2. LAB MEDIA: Figure 4. Video Editor: In Panel L, emphasize the green smooth muscle cell and blue modulated smooth muscle cell segments, followed by the other represented populations.
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