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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or 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.
Enter make and model of microscope.
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.

2. 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.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

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. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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:  27
Number of Shots:  47 

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

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 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 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 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 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 most important consideration or challenge when performing this protocol.
1.5. Enter 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 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 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.


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



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.) with purple font 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 the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

2. Spheroid Seeding and Size Optimization
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 start, grow the cells in a T75 (T-Seventy-Five) cell culture flask until they reach 70% confluency under standard conditions [1-TXT]. After trypsinizing the cells, perform a 1:10 dilution for routine cell passaging [2]. Incubate the cells again until they reach 70% confluency, then harvest them. [3]. 
2.1.1. Talent placing the cells in the incubator. TXT: Cells used: HEK293T, Huh7, HEP3B, A375, and HEPG2 Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent adding cells to cells to the culture flask
2.1.3. Talent placing the cells in the incubator.

2.2. After assessing cell viability, thoroughly pipette the cell suspension to ensure it is well mixed [1].
2.2.1. Talent pipetting the cell suspension up and down.

2.3. Seed 1 × 10⁴ cells in 200 microliters in an ultra-low attachment 96-well plate, using varying cell densities for different cell lines [1]. 
2.3.1. Talent seeding the cells into the ultra-low attachment 96-well round-bottom plate.
2.4. Add 1 volume of complete medium to all rows, except the top row [1]. Add 2 volumes of 1 × 10⁴ cells per well in the top row [1]. Serially dilute row 1A by adding 1 volume of row 1A into row 1B and continue in the same manner [1].
2.4.1. Talent adding complete medium to rows 1B through 1H.
2.4.2. Talent adding cells to row 1A.
2.4.3. Talent transferring 1 volume from row 1A into row 1B to continue the serial dilution.
2.5. Centrifuge the ultra-low attachment plate at 350 g for 5 minutes to pull the cells to the center and promote cell-to-cell contact [1]. Do not disturb the plates for 24 to 48 hours to allow spheroid formation. Let them mature for 3 days to reach about 400 micrometers in diameter [2].	Comment by Pallavi  Sharma: Authors: Please specify the temperature to allow the spheroid formation
2.5.1. Talent placing the ultra-low attachment plate in the centrifuge.
2.5.2. Shot of the undisturbed plate containing forming spheroids.
2.6. Check for spheroid size uniformity. Ensure the cells are resuspended uniformly and that the plates are not warped [1].
2.6.1. SCOPE: Shot of the plates containing spheroids.
2.7. Monitor spheroid morphology [1]. Select mature spheroids that exhibit tight cell-to-cell adhesion rather than loose cell aggregates [1].
2.7.1. SCOPE: Shot of spheroids.
2.7.2. SCOPE:  Shot of mature spheroids exhibiting tight cell-to-cell adhesion.
2.8. Increase seeding density or extend formation time if spheroids are loose [1]. Reduce seeding density or prolong centrifugation to minimize the formation of small aggregates. [2].	Comment by Pallavi  Sharma: Authors: Do ypu want to film this step?
2.8.1. Talent increasing the seeding density.
2.8.2. Talent placing the plate in the centrifuge for an extended centrifugation step.

3. Live-Cell Real-Time Spheroid Monitoring
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Once the cell suspensions are spun down, transfer the plate to a 37 degrees Celsius incubator that houses a live-cell imaging instrument for automated live-cell imaging [1].
3.1.1. WIDE: Talent transferring the plate into the incubator containing the live-cell imaging instrument.
3.2. Log into the acquisition software [1]. Set Schedule To Acquire, Launch Add Vessel, and Scan On Schedule [2]. Select Create Vessel to New [3].
3.2.1. SCREEN: Show the acquisition software login screen and the login process.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21507733
3.2.2. SCREEN: Schedule To Acquire, Launch Add Vessel, Scan On Schedule is being set
3.2.3. SCREEN: Show selection of Create Vessel: New.
3.3. Then, choose Scan Type and select Spheroid [1]. Pick the channels of interest, select Phase + Brightfield (Phase-with-Brightfield), then choose Green or Red [2]. Set the desired magnification to 10× (Ten-X) [3].
3.3.1. SCREEN: Show Scan Type and select Spheroid.
3.3.2. SCREEN: Phase + Brightfield and Green or Red is being selected.
3.3.3. SCREEN: the magnification menu is being set to 10×.
3.4. Pick the plate model and its position in the drawer [1]. Select the wells to image and specify the number of images to acquire per well [2]. Enter the experiment name, cell type, and the number of cells [3].
3.4.1. SCREEN: The appropriate plate model and its position is being selected.
3.4.2. SCREEN: The desired wells are being selected for imaging and the number of images to be acquired are being specified.
3.4.3. SCREEN: The description of the experiments is being entered.
3.5. For the analysis setup, select Defer Analysis Until Later [1].
3.5.1. SCREEN: The analysis setup options are being selected to Defer Analysis Until Later.
3.6. Right-click on the timeline and click Set Selected Scan Group Interval [1].
3.6.1. SCREEN: A right-click is being performed on the timeline, and set Selected Scan Group Interval is being selected.
3.7. Set scans to be added every 6 hours and scan indefinitely [1]. Set the desired starting time at least 1 hour after incubation in the automated imaging apparatus [2].
3.7.1. SCREEN: A scan interval of 6 hours with indefinite scanning enabled is being added.
3.7.2. SCREEN: A start time at least 1 hour after incubation is being set in the automated imaging apparatus.
3.8. Check daily for spheroid growth by logging into the imaging software [1].
3.8.1. SCREEN: The experiment dashboard displaying spheroid growth is being shown.
3.9. Select View Recent Scans and double-click on the desired experiment [1]. Choose Brightfield in the image channels panel. Use the Measure Image feature to measure the spheroids' diameters [2].
3.9.1. SCREEN: The View Recent Scans is being selected, followed by  desired experiment selection.
3.9.2. SCREEN: Brightfield is being selected. The Measure Image feature is being selected to measure the spheroid diameter.
3.10. Remove the plate on the day of optimized spheroid formation and use it for Adeno-associated virus or AAV (A-A-V) transduction [1].
3.10.1. Talent removing the plate from the imaging apparatus.

4. AAV Transduction and Live-Cell Imaging in 3D Spheroids
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. Prepare a 96-well round plate containing 2% FBS supplemented DMEM without antibiotics [1]. Mix 33 microliters of AAV stock with 297 microliters of medium to obtain a starting multiplicity of infection of 1 × 106 [2].
4.1.1. Talent adding a 96-well round plate containing 2% fetal bovine serum supplemented DMEM without antibiotics.
4.1.2. Talent mixing 33 microliters of AAV stock with 297 microliters of medium.
4.2. Perform 10-fold serial dilutions, starting with a MOI of 1 × 10⁶, by adding 33 microliters to 297 microliters of 2% FBS-supplemented DMEM [1].
4.2.1. Talent transferring 33 microliters of the previous dilution into 297 microliters of fresh medium.
4.3. Aspirate all medium from the previously prepared spheroid plate using a multichannel pipette [1].
4.3.1. WIDE: Talent aspirating medium from the spheroid plate with a multichannel pipette.
4.4. Transfer 100 microliters of the desired multiplicity of infection of AAV from the dilution plate to the treatment plate using a multichannel pipette. [1].
4.4.1. Talent transferring 100 microliters from the dilution plate to the treatment plate with a multichannel pipette.
4.5. Place the plates back into the imaging instrument [1]. Start monitoring transduction by tracking green fluorescent intensity over 72 hours [2].
4.5.1. Talent placing the plates into the imaging instrument.
4.5.2. SCREEN: Show green fluorescent intensity measurements being monitored over time.
4.6. Add 100 microliters of complete DMEM per well every 3 days to replenish nutrients [1].
4.6.1. Talent adding complete DMEM to each well using a multichannel pipette.
4.7. Place the plate back in the imaging instrument [1] and start recording transduction efficiency every 6 hours 
4.7.1. Talent placing the treatment plate into the imaging instrument.
4.7.2. SCREEN: Show the imaging software recording transduction efficiency at 6-hour intervals.
4.8. Analyze the data by creating an analysis definition specific to the cells and reporter genes of interest [1].  Perform endpoint analysis using fluorescence readouts [1]
4.8.1. SCREEN: The data is being analysed.
4.8.2. Talent in front of the computer with selected wells showing fluorescence.

4.9. Similarly, perform AAV transduction in 3D spheroids with luminescent reporters [1], followed by transduction analysis using live cell imaging [2].
4.9.1. Talent adding cells to the 96 well plate.
4.9.2. Talent placing the plate in the live cell imaging system.

4.9.3. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. 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: 240.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Each cell line exhibited distinct morphological features and varying levels of compaction after 3 days of seeding [1].
5.1.1. LAB MEDIA: Figure 2. 
5.2. Hepatic cell lines formed more compact and dense spheroids than the other cell lines [1]. HEK293T (H-E-K-Two-Nine-Three-T) formed a very round spherical appearance with a distinct necrotic core [2]. A375 (A-Three-seventy-Five) formed an irregularly shaped cell aggregate [3].
5.2.1. LAB MEDIA: Figure 2. Video editor: Highlight the spheroids labeled Huh7, HEPG2, and HEP3B.
5.2.2. LAB MEDIA: Figure 2. Video editor: Highlight the spheroid labeled HEK293T 
5.2.3. LAB MEDIA: Figure 2. Video editor: Highlight spheroid labeled A375 
5.3. Spheroids were highly susceptible to AAV transduction, with strong transduction detected at very low AAV titers across different cell lines for self-complementary GFP [1].
5.3.1. LAB MEDIA: Figure 3. Video editor: Show the blue curves in panels A–D  and highlight the point on the x-axis at which the curve shows an upward trend
5.4. Spheroid transduction of single-stranded GFP was observed at lower levels than self-complementary GFP [1].
5.4.1. LAB MEDIA: Figure 3. Video editor: Compare the red and blue curves in panels A–D and emphasize that the red curves remain lower.
5.5. A 100-fold difference in relative fluorescence was observed between the self-complementary and single-stranded transgenes at a multiplicity of infection of 10⁶ in HEK293T cells [1].
5.5.1. LAB MEDIA: Figure 3A. Video editor: Highlight HEK293T panel.
5.6. A 3-fold difference in relative fluorescence was observed between the self-complementary and single-stranded transgenes in HEP3B (HEP-Three-B) cells [1].
5.6.1. LAB MEDIA: Figure 3C. Video editor: Highlight the HEP3B 
5.7. All 4 AAV serotypes were successfully detected using both the fluorescent plate reader and the live-cell imaging system [1]. AAV2 showed the highest transduction efficacy, followed by AAV1, in both cell lines [2].
5.7.1. LAB MEDIA: Figure 4.
5.7.2. LAB MEDIA: Figure 4A–D. Video editor: Highlight the red and blue curve .
5.8. All AAV serotypes showed efficient transduction using the luminescence system, allowing for precise differentiation in transduction efficacy [1].
5.8.1. LAB MEDIA: Figure 5. 
5.9. AAV2 was the most effective serotype in HeLa spheroids, while AAV9 had the lowest transduction efficacy [1].
5.9.1. LAB MEDIA: Figure 5A. Video editor: Highlight the red (AAV2) and yellow (AAV9)   curve .
5.10. AAV2 self-complementary GFP transduction was detectable at infection rates as low as 10¹, with a noticeable signal increase after about 34 hours compared to untreated cells.
5.10.1. LAB MEDIA: Figure 6. Video editor: Highlight the blue curve in the panel labelled multiplicity of infection 10¹.
5.11. The AAV2 single-stranded GFP signal was weaker and slower than the self-complementary GFP signal [1].
5.11.1. LAB MEDIA: Figure 6D–G. Video editor: Highlight the red curves.
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