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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?  No  


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?   Yes
5-7 minute walk or 2 minute drive


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: 17
Number of Shots: 38

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

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Terren Niethamer: Our research focuses on improving the repair of the lungs after damage from infection or chronic disease. We study endothelial cells lining blood vessels in the lung that perform gas exchange.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  Suggested B roll: 3.5.1 


What are the most recent developments in your field of research?
1.2. Terren Niethamer: Advances in single-cell sequencing technologies allow us to identify remarkable heterogeneity in lung cell states, including in disease, but we still don’t fully understand the function of these cell states.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  

What advantage does your protocol offer compared to other techniques?
1.3. Sachin Gaurav: Intranasal infection is a simple and noninvasive technique of viral inoculation that follows the natural route of infection and allows the study of both adaptive and innate immune responses against the virus.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  Suggested B roll: 2.4.1

What questions will future research focus on?
1.4. Sachin Gaurav: Influenza remains globally prevalent and causes severe respiratory illness, therefore, understanding the viral infectivity and cellular responses to infection and tissue injury is critical for developing effective treatments.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  Suggested B roll: 3.7.2



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.

· Testimonial statements will not appear in the video but may be featured in the journal’s promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. 
· Please answer the testimonial question live during the shoot, speaking naturally and in your own words in complete sentences.

How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.5. Terren K. Niethamer, Assistant Professor of Comparative Medicine, Yale School of Medicine, : (authors will present their testimonial statements live)
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.6. Terren K. Niethamer, Assistant Professor of Comparative Medicine, Yale 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.



Ethics Title Card
This research has been approved by the Animal Care and Use Committee of the Center for Cancer Research, National Cancer Institute, National Institutes of Health 


Protocol  

2. Administration of Influenza A Virus (IAV) to mice
Demonstrators: Sachin Gaurav, Terren K. Niethamer 

2.1. To begin, check the breathing of the anesthetized mouse [1-TXT]. Perform a toe pinch and observe the reaction [2]. Proceed only if the mouse reacts with a small convulsion or jump without moving its head [3].
2.1.1. WIDE: Talent observing the breathing pattern of an anesthetized mouse lying on a pad. TXT: Anaesthesia: Isoflurane (Flow rate: 2.5-3%)
2.1.2. Talent performs a toe pinch .
2.1.3. Close-up of the mouse showing a slight jump in response to the toe pinch without head movement.
2.2. Using a P200 (P-Two-Hundred) pipette set to 50 microliters, aspirate the diluted influenza A virus from the vial on ice [1]. Set the pipette down on a tip box or paper towel, ensuring that the tip does not contact gloves or the surface of the biosafety cabinet [2].
2.2.1. Talent aspirating the diluted virus or control solution from a vial on ice using a pipette.
2.2.2. Talent placing the pipette down on a pipet tip box with the tip elevated and not touching any surface.

2.3. Now, pick up the anesthetized mouse by scruffing and hold it upright at a 45-degree angle [1]. Maintain a firm grip to elongate the trachea for better inhalation, while ensuring that breathing remains shallow and consistent without gasping [2].
2.3.1. Talent lifting the mouse by the scruff and positioning it upright at a 45-degree angle.
2.3.2. Close-up of the mouse's chest rising and falling with shallow, steady breathing.

2.4. Drop the viral dilution into the nostrils in a dropwise manner, alternating between nostrils to ensure the virus enters both sides of the nose [1].
2.4.1. Close-up of the pipette releasing one drop at a time into each nostril alternately.

2.5. Alternatively, create a bubble of viral dilution spanning both nostrils by slowly and consistently pipetting while the mouse inhales the liquid [1].
2.5.1. Close-up of a pipette forming a small liquid bubble over both nostrils as the mouse breathes in.

2.6. Hold the pipette tip close to the mouse’s nose without making contact. If the mouse begins to wake up, administer only half the dose [1-TXT]. Then, eject the used pipette tip into a waste container filled with fresh 10 percent bleach. Use a new tip for each cage of mice [2].
2.6.1. Talent positioning the pipette just above the nostrils without touching the nose. TXT: Re-anaesthetize the mouse if required
2.6.2. Talent discarding the pipette tip into a bleach-filled container.

2.7. After administering the influenza A virus, hold the mouse upright for 1 to 2 minutes to keep its airway open and ensure effective delivery to the lungs [1]. Gently place one finger on each side of the mouse's chest to feel for crackles, which indicate successful delivery to the lungs [2].
2.7.1. Talent holding the mouse upright for 2 minutes post-administration.
2.7.2. Close-up of the talent placing fingers on both sides of the mouse's chest to detect crackles.

2.8. Once the mouse begins to recover, return it to its cage to recover fully [1]. Monitor the mouse until it becomes ambulatory [2-TXT].
2.8.1. Talent placing the recovering mouse gently back into its cage.
2.8.2. Shot of the mouse regaining movement inside the cage while being observed. TXT: Log signs of inhalation or expulsion in the injury log


3. Harvesting of Lung Tissue for Downstream Approaches
3.1. After euthanizing the mouse, dissect the chest cavity to expose the rib cage and the trachea [1-TXT].
3.1.1. Talent using scissors to carefully open the chest cavity and reveal the rib cage and trachea. TXT: Euthanasia: CO2  
	Comment by Pallavi  Sharma: Authors: We can provide the details in the onscreen text
3.2. Cut open the diaphragm and gently separate it from the rib cage without puncturing the lungs [1]. Then, cut along both sides of the rib cage and remove it from the top [2]. Cut the clavicles and dissect away the surrounding bone and soft tissue from the front of the trachea [3].
3.2.1. Talent using fine scissors to open and separate the diaphragm.
3.2.2. Talent cutting along the sides of the rib cage and lifting it off.
3.2.3. Talent cutting the clavicles and clearing tissue around the front of the trachea.

3.3. Next, dissect the muscle and tissue surrounding the trachea until the cartilage rings are clearly visible without puncturing the trachea [1]. Using curved forceps, push the esophagus out from behind the trachea and dissect it completely [2].
3.3.1. Talent carefully dissecting the tissue around the trachea to reveal the cartilage rings.
3.3.2. Talent using curved forceps to isolate and separate the esophagus from the trachea.

3.4. Then, thread a piece of suture behind the trachea and tie a loose knot [1].
3.4.1. Talent threading suture behind the exposed trachea and tying a loose knot.

3.5. Clip a large blood vessel [1] and perfuse the circulatory system by slowly injecting DPBS through the right ventricle of the heart [2]. If the needle is not visible through the heart wall, it is likely inserted into the left ventricle [3]. 
3.5.1. Talent clipping a large vessel below the forelimb.
3.5.2. Talent inserting a syringe needle into the right ventricle and slowly pushing the plunger to perfuse.
3.5.3. Close-up of the heart, highlighting that the needle is not visible through the wall, indicating left ventricle insertion.

3.6. To inflate the lungs for histology or immunofluorescence, inflate the lungs in 2 percent paraformaldehyde [1] and dehydrate through an ethanol series for paraffin embedding [2-TXT]. 
3.6.1. Talent inflating lungs with 2 percent paraformaldehyde.
3.6.2. Talent placing the lung in ethanol for dehydration. TXT: For cryosectioning: inflate in 2% PFA, then dehydrate with sucrose series



3.7. For lung inflation by hands, use a syringe and 21 to 23-gauge needle with or without tubing [1], or affix a tube of 2 percent paraformaldehyde to a ring stand positioned 30 centimeters above the bench for gravity inflation [2]. Insert the needle into the top of the trachea with the bevel facing up, being careful not to pierce the bottom of the trachea [3]. Tighten the suture knot around the trachea and needle before introducing the fixative [4].
3.7.1. Talent inflating lungs using a syringe.
3.7.2. Talent affix a tube of 2% PFS to ring stand positioned 30 cm above the bench.
3.7.3. Close-up of the needle inserted bevel-up into the trachea without piercing through.
3.7.4. Talent tightening the suture around the trachea and needle to secure it.

3.8. To prepare a single-cell suspension for flow cytometry or single-cell sequencing, remove the lung tissue from the DPBS and mince with scissors [1]. Chop the tissue further with a razor blade for 2 to 3 minutes to obtain evenly sized pieces [2]. Dissociate the tissue in digestion buffer containing collagenase I, dispase, and DNase in DPBS [3] at 37 degrees Celsius for 30 to 35 minutes [4].
3.8.1. Talent removing lung tissue from PBS and mincing it with scissors.
3.8.2. Talent chopping the minced tissue with a razor blade for 2 to 3 minutes.
3.8.3. Talent placing tissue in a tube containing enzyme mix. TXT: 480 U/mL collagenase I, 100 µL/mL dispase, and 2 µL/mL DNase
3.8.4. Talent placing the tissue in a 37-degree Celsius incubator.

3.9. Then, filter the dissociated tissue through 100-micrometer and 40-micrometer cell strainers [1]. Lyse red blood cells using Ammonium-Chloride-Potassium lysis buffer [2]. Resuspend the final cell pellet in 1 percent bovine serum albumin in PBS for downstream analysis [3].
3.9.1. Talent filtering digested tissue through sequential 100 and 40 micrometer strainers.	Comment by Pallavi  Sharma: Authors: You can prepare this in advance.
3.9.2. Talent adding ACK lysis buffer to the filtered suspension.
3.9.3. Talent resuspending the cell pellet in 1 percent BSA in PBS and labeling the tube.


Results
4. Results 

4.1. Influenza-infected lungs showed heterogeneous structural damage compared to mock-infected lungs [1]. Tissue heterogeneity in influenza-infected lungs was quantified using a k-means clustering algorithm revealed multiple spatial clusters [2].
4.1.1. LAB MEDIA: Figure 1A. Video editor: Show the right lung section labeled “Influenza-infected lung,” .
4.1.2. LAB MEDIA: Figure 1B. Video editor: Highlight the right panel 

4.2. Infected mice began losing weight 3 to 4 days post-infection, with peak weight loss of approximately 25% occurring at 8 to 10 days post-infection [1]. By 14 days post-infection, body weight had recovered to within 10 to 15 percent of baseline [2].
4.2.1. LAB MEDIA: Figure 1C. Video editor: Highlight the steep decline on the line graph between day 3 and day 10
4.2.2. LAB MEDIA: Figure 1C. Video editor: Highlight the upward trend on the graph between day 10 and day 14, where the weight curve starts to rise.

4.3. Due to variability in infection response, survival rates among infected mice dropped steadily, with some mice euthanized after losing more than 30 percent body weight [1].
4.3.1. LAB MEDIA: Figure 1D. 

4.4. An interferon-stimulated endothelial cell state emerged at 6 days post-infection and resolved by day 19 [1], while an injury-induced capillary endothelial cell state appeared at day 11 and persisted through 1 year post-infection [2].
4.4.1. LAB MEDIA: Figure 2A. Video editor: Highlight the tall red box 
4.4.2. LAB MEDIA: Figure 2C. Video editor: Highlight the green section 
4.5. The persistent injury-induced capillary endothelial cell state was characterized by sustained expression of TRKB (Track-B) and was observed 1 year after infection [1].	Comment by Niethamer, Terren (NIH/NCI) [E]: Pronounced "Track B"
4.5.1. LAB MEDIA: Figure 2B. Video editor: Highlight the green fluorescent signal labeled “TRKB” in the lung tissue image on the right.
4.6. Transitional alveolar epithelial cell states, including immature alveolar type I cells, emerged after infection and resolved as the tissue repaired [1].
4.6.1. LAB MEDIA: Figure 2D. Video editor: Highlight the light green and purple sections that appear around day 6 and decrease by day 42.
4.7. Following infection, alveolar macrophages were depleted and reconstituted from both inflammatory monocytes and remaining macrophages, resulting in distinct transcriptional states that persisted for at least 1 year [1].
4.7.1. LAB MEDIA: Figure 2E. Video editor: Highlight the purple and green sections.
	



 2025, Journal of Visualized Experiments	       September 18, 2025	Page 9 of 9
image1.png




