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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?  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
Please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   YES
How far apart are the locations? 20 KM



Current Protocol Length
Number of Steps:  23
Number of Shots:  55 

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? 	Comment by Debopriya Sadhukhan: Authors: We have slightly edited your interview statements for length and to align them with our journal style guidelines. Please let us know if you want to change anything.
1.1. Chongyuan Ren: This research investigates the pathogenesis of Group 3 pulmonary hypertension, focusing on molecular mechanisms in cases associated with pulmonary fibrosis. In contrast to Pulmonary Arterial Hypertension, the mechanisms underlying Interstitial Lung Disease-Associated Pulmonary Hypertension are still poorly understood.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.1.1., 3.1.2.


What are the most recent developments in your field of research?
1.2. Chongyuan Ren: Recent developments in this field include sotatercept’s efficacy in reversing vascular remodeling, the discovery of cancer-like endothelial phenotypes, and metabolomic findings linking amino acid and lipid dysregulation to the pathogenesis of pulmonary hypertension.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.

What technologies are currently used to advance research in your field?
1.3. Chongyuan Ren: Bulk and single-cell RNA sequencing, metabolomics, and functional assays such as anoikis resistance testing are pivotal technologies for mapping pulmonary hypertension heterogeneity and identifying therapeutic targets.
1.3.1. 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.


Ethics Title Card
This research has been approved by the Animal Care and Use Committee of The First Affiliated Hospital of Guangzhou Medical University


Protocol  
[bookmark: _Hlk164261745]NOTE to Authors: Please consider the following key points for shots involving live animals/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. Induction of PF-PH Rat Model
Demonstrator: Fangcheng Luo 

2.1. To begin, intubate the trachea of the rat using a PE50 (P-E-fifty) tube inserted to a depth of 3 centimeters, which is the distance from the glottis to the tube [1-TXT].	Comment by Debopriya Sadhukhan: Authors: Please note that all the pronunciation guides are given in red italics. Please let us know if you want to change any of these. 

2.1.1. WIDE: Talent intubating the rat's trachea with a PE50 tube. TXT: Anesthesia: 45 mg/kg pentobarbital sodium, I.P.

2.2. Using a 1-milliliter syringe with a 26-gauge needle, draw 0.2 milliliters of bleomycin and inject it into the airway through a cannula as a single dose [1-TXT]. For rats in the control group, administer 0.2 milliliters of sterile normal saline intratracheally without providing pain relief [2].

2.2.1. Talent drawing bleomycin solution into the syringe and injecting it through the cannula into the airway. TXT: Bleomycin: 5 mg/kg, dissolved in 0.2 mL of 0.9% NaCl  
2.2.2. Talent administering sterile normal saline for the control group intratracheally.  

2.3. Place the rat in a supine position to ensure an even distribution of bleomycin [1]. Gently hold and slowly rotate the rat, alternating sides at an angle of 30 degrees to 45 degrees. Maintain each rotation for 10 to 15 seconds and repeat 3 to 4 times [2-TXT]. 
2.3.1. Talent placing the rat supine on a platform.  
2.3.2. Talent rotating the rat gently side to side at 30 degrees to 45 degrees. TXT: Evaluate rats 5 weeks after BLM injection to confirm PF-PH model establishment


3. Estimation of Lung Function
Demonstrator: Hongyi CHEN

3.1. Open the PFT (P-F-T) software and check that the device is recognized [1]. Calibrate the device following the equipment instructions [2].

3.1.1. SCREEN: To be provided by authors: Opening the PFT software and verifying device recognition.  
3.1.2. SCREEN: To be provided by authors: Performing calibration as per instructions.

Authors: Recording a computer screen sometimes produces low-quality images. So, please record the screen for the SCREEN shots directly from your computer following our guidelines and upload them along with a summary to your project page: https://review.jove.com/account/file-uploader?src=20662883

3.2. Now, turn on the main control instrument switch and ensure each signal amplifier switch is off [1].

3.2.1. Talent turning on the main control instrument switch and checking signal amplifier switches.

3.3. To set the airflow, turn on the suction airflow regulating nut and set inspiration to 5 [1-TXT]. Then, turn on the expiratory airflow regulating nut and set slow expiration to minus 4 [2]. Set the pressure value to 40 and calibrate the instrument in the order of FRC flow, flow, high flow, and mouth press with an error of less than 5 percent [3].

3.3.1. Talent turning on the suction airflow regulating nut and setting inspiration to 5. TXT: Set the airflow according to the animal's body weight  
3.3.2. Talent turning on the expiratory airflow regulating nut and setting slow expiration to -4.
3.3.3. SCREEN: To be provided by authors: Setting the pressure value to 40, calibrating the instrument in the order of FRC flow, flow, high flow, and mouth press, and checking error percentage.

3.4. After anesthetizing the rat, cut the skin along the center of the neck [1-TXT]. Remove the muscle layer by layer to expose the upper portion of the cervical trachea [2].

3.4.1. Talent making a midline incision on the neck. TXT: Anesthesia: 45 mg/kg pentobarbital sodium, I.P.  
3.4.2. Talent dissecting the muscle layer to reveal the trachea.

3.5. Make a horizontal incision between the tracheal cartilage rings [1]. Quickly insert the metal cannula into the tracheal incision, ensuring correct positioning [2], and secure with 4-0 (four-zero) silk thread sutures [3]. Place the rat in the PFT animal compartment [4] and connect the tracheal cannula to the airflow channel interface outside the instrument [4].

3.5.1. Talent making a horizontal incision between the tracheal cartilage rings.  
3.5.2. Talent inserting the metal cannula.  
3.5.3. Talent suturing the cannula.
3.5.4. Talent placing the rat in the PFT compartment.
3.5.5. Talent connecting the cannula to the airflow channel interface outside the instrument.

3.6. Click the Start button and examine the forced vital capacity or FVC (F-V-C) and dynamic lung compliance [1-TXT].

3.6.1. SCREEN: To be provided by authors: Clicking the Start button and beginning examination of FVC and dynamic lung compliance. TXT: To ensure data consistency, record each indicator at least 3x

4. Hemodynamic and Histological Measurements
Demonstrator: Fangcheng Luo

4.1. For the detection of Right ventricular systolic pressure or RVSP (R-V-S-P), fix the abdomen of the anesthetized rat upward on the experimental bench [1-TXT].

4.1.1. WIDE: Talent fixing the abdomen of the anesthetized rat upward on the experimental bench. TXT: Anesthesia: 3% isoflurane

4.2. Make an incision about 4 centimeters long on the right side of the neck using surgical scissors [1]. Separate the external jugular vein gently with microsurgical forceps, ensuring a length of about 1 centimeter is isolated [2]. Insert two surgical lines at the distal and proximal ends of the separated vein [3].

4.2.1. Talent making a neck incision with surgical scissors.  
4.2.2. Talent using microsurgical forceps to separate the external jugular vein.  
4.2.3. Talent inserting surgical lines at both ends of the separated vein.

4.3. Ligate the distal end of the external jugular vein using 4-0 silk thread [1]. Gently lift the proximal surgical line and place it on the distal vein wall [2]. Make a small incision of about 0.3 millimeters with small scissors [3]. After inserting the catheter into the external jugular vein, ligate the catheter and vein together using 4-0 silk thread to prevent blood leakage [4].

4.3.1. Talent ligating the distal end of the external jugular vein.  
4.3.2. Talent lifting the proximal surgical line and positioning it on the distal vein wall.  
4.3.3. Talent making a small incision with small scissors.  
4.3.4. Talent securing the inserted catheter into the external jugular vein.

4.4. Observe the venous pressure waveform on the recorder [1]. Push the catheter slowly into the right atrium until the right atrium waveform is visible, showing an amplitude of about 0 to 5 millimeters of mercury [2]. Continue advancing the catheter into the right ventricle to display the right ventricle pressure waveform [3]. When the pressure is stable, record the right ventricular pressure for 5 minutes and save the data for analysis [4].

4.4.1. SCREEN: To be provided by authors: Display of venous pressure waveform on the recorder.  
4.4.2. SCREEN: To be provided by authors: Display of the catheter being pushed slowly until right atrium waveform is visible.  
4.4.3. SCREEN: To be provided by authors: Catheter advancing into the right ventricle showing right ventricular pressure waveform.  
4.4.4. SCREEN: To be provided by authors: Recording of stable right ventricular pressure and saving data.

4.5. After thoracotomy, remove the intact heart of the rat using tweezers [1-TXT]. Cut off the auricle and the connective tissue near the heart with scissors [2].

4.5.1. Talent removing the heart with tweezers. TXT: Euthanasia: Isoflurane anesthesia (5%, 2 L/min O₂), followed by exsanguination  
4.5.2. Talent cutting off auricle and connective tissue with scissors.

4.6. After separation, drain the surface of the right ventricle and left ventricle plus interventricular septum using filter paper [1]. Weigh the right ventricle and left ventricle plus ventricular septum separately with an analytical balance before calculating their weight ratio [2].

4.6.1. Talent draining the right ventricle and left ventricle plus interventricular septum using filter paper.  
4.6.2. Talent weighing the right ventricle and left ventricle plus septum separately using an analytical balance.  

4.6.3. 

Results

5. Representative Results 

5.1. This figure illustrates the hemodynamic changes, pulmonary vascular remodeling, and impaired lung function observed in the bleomycin-induced PF-PH (P-F P-H) rat model [1]	Comment by Debopriya Sadhukhan: Authors: We will pronounce PF-PH as “P-F P-H” here. Please let us know if you want to pronounce it as “Pulmonary arterial hypertension associated with pulmonary fibrosis”.
5.1.1. LAB MEDIA: Figure 1.
5.2. Right ventricular systolic pressure and right ventricle to left ventricle plus septum ratio were significantly increased in the model group compared to the control group [1].
5.2.1. LAB MEDIA: Figure 1A, 1B, 1C. Video Editor: Highlight the red part in 1A and 1B.
5.3. Histological staining revealed more blue-stained areas around pulmonary arteries in the model group, indicating greater collagen accumulation [1].
5.3.1. LAB MEDIA: Figure 1D. Video Editor: Highlight the two Model images.
5.4. Forced vital capacity and dynamic lung compliance were significantly reduced in the model group compared to the control group [1].
5.4.1. LAB MEDIA: Figure 1E, 1F. Video Editor: Highlight the red part in 1E and 1F.
5.5. Ratios of pulmonary artery acceleration time to ejection time [1], tricuspid annular plane systolic excursion [2], right ventricular fractional area change [3], and cardiac output [4] were significantly reduced in the model group [5].
5.5.1. LAB MEDIA: Figure 2A, 2B, 2C, 2D. Video Editor: Highlight 2A.
5.5.2. LAB MEDIA: Figure 2A, 2B, 2C, 2D. Video Editor: Highlight 2B.
5.5.3. LAB MEDIA: Figure 2A, 2B, 2C, 2D. Video Editor: Highlight 2C.
5.5.4. LAB MEDIA: Figure 2A, 2B, 2C, 2D. Video Editor: Highlight 2D.
5.5.5. LAB MEDIA: Figure 2A, 2B, 2C, 2D. Video Editor: Highlight the red part in 2A, 2B, 2C, and 2D.
5.6. Hydroxyproline concentration was significantly higher in the model group, indicating increased collagen content in lung tissue [1].
5.6.1. LAB MEDIA: Figure 2E.
5.7. Liver and kidney weights were not significantly different between the control and model groups [1].
5.7.1. LAB MEDIA: Figure 3A, 3B.
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