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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
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.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

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

As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our China Location Producer, Yuan Yue.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  15
Number of Shots:  44





Introduction 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: 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. Enter full author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.




Ethics Title Card
This research has been approved by the Ethics Committee of the First Hospital of Hebei Medical University 


Protocol
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Preparation of Infrapatellar Fat Pad Tissue and Collection of Conditioned Medium

Demonstrator: Click here to enter name of demonstrator(s)

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, put approximately 10 grams of freshly collected infrapatellar fat pad or IPFP (I-P-F-P) from osteoarthritis patients in a centrifuge tube [1]. Wash the tissue three times using 50 milliliters of pre‑cooled PBS (P-B-S) per wash, while gently agitating by hand [2]. Use sterile scissors or a scalpel to mince the IPFP tissue into approximately 2 millimeter cubes [3]. 
Authors: Please specify which instrument (sterile scissors or a scalpel) you intend to use during the demonstration.

2.1.1. WIDE: Show the experimental set up and then zoom in to show the talent putting the tissue in a centrifuge tube.
2.1.2. Shot of the talent adding 50 mL pre-cooled PBS and gently agitating the IPFP tissue.
2.1.3. Talent mincing the IPFP tissue into small pieces with sterile scissors or a scalpel.

2.2. Transfer the IPFP tissue pieces into T175 (T-175) flasks [1]. Add 50 milliliters of exosome-depleted DMEM (D-M-E-M) and Nutrient Mixture F-12 complete medium [2]. Incubate the flask with gentle agitation [3-TXT].

2.2.1. Talent transferring the IPFP tissue pieces into T175 flasks.
2.2.2. Talent adding exosome-depleted DMEM and Nutrient Mixture F-12 complete medium to the flask.
2.2.3. Talent placing the flask into the shaker incubator. TXT: Incubate: 37 °C, 5% CO₂, 48 h 

2.3. Now, collect the conditioned medium in 50 milliliter tubes and keep it on ice [1]. Filter the conditioned medium through a 70 micrometer strainer [2].

2.3.1. Talent collecting the conditioned medium into 50 mL tubes placed on ice.
2.3.2. Talent filtering the conditioned medium through a 70 μm strainer.

3. Isolation of Small Extracellular Vesicles (sEVs) by Differential Centrifugation

Demonstrator: Click here to enter name of demonstrator(s)

3.1. Centrifuge the conditioned medium at 300 g for 10 minutes at 4 degrees Celsius [1]. Transfer the supernatant into new 50 milliliter centrifuge tubes without disturbing the pellet [2]. Centrifuge the supernatant at 3,000 g for 10 minutes at 4 degrees Celsius [3]. Transfer the supernatant into new tubes without disturbing the pellet [4].

3.1.1. Talent placing the conditioned medium into the centrifuge and starting the spin.
3.1.2. Talent collecting the supernatant and transferring it into new 50 mL centrifuge tubes.
3.1.3. Talent placing the supernatant into the centrifuge.
3.1.4. Talent transferring the supernatant into new tubes while leaving the pellet undisturbed.

3.2. Centrifuge the supernatant at 10,000 g for 30 minutes at 4 degrees Celsius [1]. Collect the supernatant [2]. Filter it through a 0.22 micrometer vacuum filter [3].

3.2.1. Talent placing the supernatant into the centrifuge.
3.2.2. Talent collecting the supernatant after centrifugation.
3.2.3. Talent filtering the supernatant through a 0.22 μm vacuum filter.

3.3. Transfer the filtered supernatant into 40-milliliter polycarbonate centrifuge tubes [1]. Ultracentrifuge the samples using a fixed-angle rotor with a k-factor of 70 [2-TXT]. Remove the supernatant using a pipette [3].

3.3.1. Talent transferring the filtered supernatant into 40-mL polycarbonate centrifuge tubes.
3.3.2. Talent placing the samples into the ultracentrifuge and starting the spin. TXT: Spin at 110,000 x g, 70 min, 4 °C
3.3.3. Talent removing the supernatant from the tube with a pipette.

3.4. Resuspend the pellet in 10 milliliters of pre-cooled sterile PBS [1]. Filter the resuspended solution through a 0.22 micrometer syringe filter to remove any remaining aggregates [2]. Ultracentrifuge the filtered suspension using the fixed-angle rotor with a k-factor of 70 [3-TXT].

3.4.1. Talent resuspending the pellet in pre-cooled sterile phosphate-buffered saline.
3.4.2. Talent filtering the resuspended solution through a 0.22 μm syringe filter.
3.4.3. Talent placing the suspension into the ultracentrifuge. TXT: Spin at 110,000 x g, 70 min, 4 °C


3.5. Discard the supernatant while leaving the small extracellular vesicle or sEV (s-E-V) pellet at the bottom of the tube [1]. Resuspend the final sEV pellet in 200 microliters of sterile PBS [2]. 
Authors: Please verify the pronunciation.
Authors: Please clarify whether any portion of this pellet is intended to be retained in pellet form for use in Step 4.1.1. If yes, please specify the amount to be retained. If not, kindly indicate whether this procedure should be repeated to obtain a pellet for Shot 4.1.1 (below).

3.5.1. Talent discarding the supernatant while keeping the pellet at the bottom of the tube undisturbed.
3.5.2. Talent resuspending the final sEV pellet in sterile phosphate-buffered saline.

3.6. Make 20 microliter aliquots of the sEV suspension [1]. Store the aliquots at minus 80 degrees Celsius for long-term use [2].

3.6.1. Talent making 20 µL aliquots of the sEV suspension
3.6.2. Talent placing the aliquots into storage at minus 80 degrees Celsius.

4. Preparation, Quantification, and Western Blot Analysis of sEV Proteins

Demonstrator: Click here to enter name of demonstrator(s)

4.1. For preparing the sEV protein samples, mix sEV pellet with 80 to 120 microliters of radioimmunoprecipitation assay or RIPA (rip‑uh) lysis buffer supplemented with protease inhibitors [1]. Vortex the mixture briefly [2]. Incubate the samples on ice for 15 to 30 minutes with gentle rocking [3]. Centrifuge the lysate at 12,000 to 14,000 g for 10 to 15 minutes [4]. Collect the supernatant [5].
Authors: In the manuscript, Section 4.1.1 refers to the step “Mix the sEV pellet (from step 3.5.2).” However, there is no Section 3.5.2 in the manuscript. It appears that this may have been intended to refer to Section 3.4.2. Could you please verify and confirm the correct section number?
Authors: Please verify the pronunciation in [1].
Authors: How much of the pellet is mixed with the lysis buffer in [1].

4.1.1. Talent mixing the sEV pellet with radioimmunoprecipitation assay lysis buffer supplemented with protease inhibitors.
4.1.2. Talent vortexing the sample briefly.
4.1.3. Talent placing the samples on ice for incubation with gentle rocking.
4.1.4. Talent placing the lysate into the centrifuge.
4.1.5. Talent carefully collecting the supernatant from the lysate.

4.2. Use a high‑sensitivity bicinchoninic acid (BCA) protein assay kit to quantify the total protein concentration of the sEV lysate according to the manufacturer’s instructions [1].

4.2.1. Representative shot showing the talent arranging the required reagents and initiating the preparation of the sEV lysate for the bicinchoninic acid protein assay.

4.3. Mix the protein samples with 5 times SDS-PAGE (S-D-S Page) sample loading buffer [1]. Load the prepared samples containing around 20 to 40 micrograms of total protein into a precast gradient gel ranging from 4 percent to 12 percent [2]. Load the protein molecular weight marker into the assigned well according to the manufacturer's recommendations [3].

4.3.1. Talent mixing the protein samples with 5x SDS PAGE sample loading buffer.
4.3.2. Talent loading the prepared protein samples into a precast gradient gel.
4.3.3. Talent loading the protein molecular weight marker into the assigned well.

4.4. Run the gel in running buffer at a constant voltage of 100 volts [1]. Continue the run for 1 to 1.5 hours or until the loading dye reaches the bottom of the gel [2]. Transfer the proteins from the gel to polyvinylidene fluoride membranes using a wet transfer system at 400 milliamperes for 30 minutes [3].

4.4.1. Talent placing the gel into the electrophoresis system for running at 100 V.
4.4.2. Shot of the loading dye migrating toward the bottom of the gel during electrophoresis.
4.4.3. Talent placing the gel and polyvinylidene fluoride membrane into the wet transfer system and switching it on.

4.5. Block the membranes in a protein-free blocking buffer prepared in tris-buffered saline containing 0.2 percent Tween-20 [1-TXT]. Obtain the pre-prepared primary antibody solution [2]. Incubate the membrane with specific primary antibody solution at 4 degrees Celsius overnight with gentle agitation [3].

4.5.1. Talent placing the membranes into protein-free blocking buffer for incubation with gentle agitation. TXT: Incubate at RT with gentle agitation for 30 min
4.5.2. Talent keeping the bottle of primary antibody solution ready with the detailed label clearly visible.
4.5.3. Shot of the talent placing the membrane into primary antibody solution for overnight incubation.

4.6. Wash the membranes in tris-buffered saline containing 0.2 percent Tween-20 washing buffer under gentle agitation [1]. Incubate the membranes with the appropriate secondary antibodies at room temperature for 1 hour with gentle agitation [2]. Wash the membranes again in washing buffer under gentle agitation [3]. Visualize the protein bands using chemiluminescent substrate [4].

4.6.1. Talent washing the membranes on a shaker in tris-buffered saline containing 0.2 percent Tween-20.
4.6.2. Talent placing the membranes into secondary antibody solution for incubation.
4.6.3. Talent washing the membranes again on a shaker.
4.6.4. Talent applying chemiluminescent substrate to the membrane for protein band visualization.



Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 76
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Transmission electron microscopy revealed that the isolated vesicles exhibited a characteristic cup-shaped morphology [1] with clearly defined lipid bilayer membranes, consistent with sEVs [2].

5.1.1. LAB MEDIA: Figure 1. Video editor: Zoom in on the cup-shaped structures indicated by the red arrows.
5.1.2. LAB MEDIA: Figure 1. Video editor: Focus on the outer boundary of a cup-shaped structure, indicated by red arrow, to show the thin and clearly visible membrane surrounding it.

5.2. Nanoparticle tracking analysis showed that most particles were within the 30 to 200 nanometer size range consistent with sEV populations [1].

5.2.1. LAB MEDIA: Figure 2. Video editor: Show the graph and highlight the peak in the range between 30 and 200 nanometers.

5.3. Western blot analysis confirmed the presence of sEV markers Alix, TSG101, and CD63 [1], while the endoplasmic reticulum marker Calnexin was not detected in the sEV samples [2].

5.3.1. LAB MEDIA: Figure 3. Video editor: Highlight the bands labeled ALIX, TSG101, and CD63 in the left lane.
5.3.2. LAB MEDIA: Figure 3. Video editor: Emphasize the empty area at the position labeled Calnexin in the left lane.
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