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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: 12 
Number of Shots: 32 

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. HCC Cell Culture and siRNA Transfection
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. Begin by obtaining HepG2 (hep-g-two) and Huh7 (hoo-seven) hepatocellular carcinoma cell lines cultured in DMEM (d-m-e-m) supplemented with 10% fetal bovine serum and maintained at 37 degrees Celsius with 5 percent carbon dioxide [1]. Use the cells verified by short tandem repeat profiling and confirmed to be free of mycoplasma contamination [2].
2.1.1. WIDE: Talent retrieving the culture flasks containing HepG2 and Huh7 from the 37 degrees Celsius incubator.
2.1.2. Wide: Talent at the computer, recording the STR profiling and negative mycoplasma test results for both cell lines.

2.2. For each cell line, establish experimental groups receiving RAC1 (rack-one) small interfering RNA, SLC2A1 (s-l-c-two-a-one) siRNA (s-i-R-N-A), or a negative-control siRNA [1]. Prepare the siRNAs according to the text protocol [2]. Transfect the cells using Lipofectamine 3000 with an appropriate number of biological and technical replicates [3].
2.2.1. WIDE: Talent arranging cell culture flasks of the two cell lines into experimental groups.
2.2.2. CU: Talent preparing the siRNA working solutions.
2.2.3. CU: Talent performing Lipofectamine 3000 based siRNA transfection in representative HepG2 and Huh7 cultures.
TXT: Refer to the text protocol for replication details

3. Assessment of Transfection and Knockdown Efficiency
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. In parallel, transfect cells with fluorescently labeled FAM-siRNA (f-a-m) as a control for transfection efficiency [1]. Confirm by flow cytometric fluorescence analysis that the efficiency exceeds 70% in both cell lines [2].
3.1.1. CU: Talent transfecting representative HepG2 and Huh7 cultures with fluorescently labeled control siRNA.
3.1.2. Talent loading the transfected-cell samples into the flow cytometer to quantify the FAM-positive cells.

3.2. After 48 hours of transfection, harvest the experimental and control cells for subsequent analyses [1]. Verify RAC1 and SLC2A1 knockdown by quantitative real-time PCR [2]. Confirm a 65 to 80 percent reduction in the respective target-gene expression before proceeding [3].
3.2.1. WIDE: Talent harvesting the transfected cells. TXT: 48 hours post-transfection
3.2.2. Talent setting up qRT-PCR analysis to assess target-gene knockdown.
3.2.3. Talent at the computer checking the knockdown-efficiency results for RAC1 and SLC2A1. 

4. Western Blot Analysis
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. Lyse the harvested cells in RIPA (ripa) buffer containing 1 percent PMSF (p-m-s-f) to collect the total protein [1]. Separate the protein samples using 10 percent SDS-PAGE (s-d-s-page) [2], then transfer the resolved proteins to a PVDF (p-v-d-f) membrane [3].
4.1.1. CU: Talent lysing a cell pellet in RIPA buffer.
4.1.2. WIDE: Talent loading the protein samples in an SDS-PAGE gel. 
4.1.3. WIDE: Talent transferring the resolved proteins to a PVDF membrane.

4.2. Block the membrane with 5 percent nonfat milk for 1 hour [1]. Add primary antibodies against E-cadherin, Bax (bax), caspase-3, PI3K (p-i-three kinase), and AKT (a-k-t), using beta-actin as the internal control [2] and incubate the membrane overnight at 4 degrees Celsius [3].
4.2.1. CU: Talent immersing the membrane in blocking solution. 
4.2.2. CU: Talent adding the indicated primary-antibody mixture to the membrane. 
4.2.3. WIDE: Talent placing the membrane at 4 degrees Celsius for overnight incubation.

4.3. Next, add the appropriate HRP-conjugated (h-r-p) secondary antibodies to the membrane and incubate at room temperature for 1 hour [1]. Visualize the protein bands using an ECL (e-c-l) chemiluminescence system [2] and quantify band intensity by grayscale analysis [3].
4.3.1. CU: Talent incubating the membrane with HRP-conjugated secondary antibody.
4.3.2. WIDE: Talent developing the membrane using an ECL chemiluminescence reagents.
4.3.3. SCREEN: Talent defining the bands and performing grayscale-intensity analysis in the imaging software.


5. Trans-well Migration and Invasion Assays
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. To assess migration and invasion of RAC1 and SLC2A1 siRNA transfected cells, seed the cells into the upper chambers of the prepared Trans-well inserts [1]. Add medium containing 20 percent fetal bovine serum to the lower chambers as the chemoattractant [2].
5.1.1. CU: Talent seeding transfected cells into the upper chambers of Trans-well inserts prepared for the migration or invasion assay.
5.1.2. CU: Talent adding chemoattractant medium to the lower chambers. 

5.2. Incubate the Trans-well plates for 24 hours at 37 degrees Celsius with 5% carbon dioxide [1]. After incubation, remove the non-migrated cells [2], and fix and stain the cells that have traversed the membrane with crystal violet [3].
5.2.1. WIDE: Talent incubating the assembled Trans-well plates.
5.2.2. CU: Talent removing cells remaining on the upper surface of the membrane.
5.2.3. CU: Talent fixing and staining the traversed cells in the membrane with crystal violet.

5.3. Acquire [1], representative images of the stained membranes under a microscope [2] and count the cells that traversed the membrane for each condition [3]. Compare the migration and invasion results from the RAC1 and SLC2A1 knockdown groups with those for the negative-control group [4].
5.3.1. Talent switching on the microscope and computer to imaging and analysis.
5.3.2. SCOPE: Representative crystal-violet-stained cells on a Trans-well membrane.
5.3.3. SCREEN: The traversed cells in representative microscopic fields being counted.
5.3.4. SCREEN: Comparison of cell counts across the RAC1 siRNA, SLC2A1 siRNA, and negative-control groups being performed.

6. Technical Implementation and Statistical Analysis
Demonstrator: Click here to enter name of demonstrator(s) 

6.1. Perform the computational analyses on a high-performance computing server [1-TXT]. Use Python version 3.9 and R version 4.3.1 and the previously specified R packages [2-TXT].
6.1.1. WIDE: Talent performing data analysis at the high-performance computing server. TXT: Intel Xeon processors; NVIDIA Tesla V100 GPUs
6.1.2. SCREEN: Representative analysis environment and package being setup. TXT: Refer to the text protocol for Python package details

6.2. Use the Wilcoxon rank-sum test for comparisons between two groups and the Kruskal-Wallis test for comparisons among three or more groups [1]. Where applicable, use Student's t-test, and consider a p-value below 0.05 statistically significant [2].
6.2.1. SCREEN: Talent at the computer performing statistical analysis on acquired data.
6.2.2. SCREEN: Talent reviewing the statistical output and putting statistical notation wherever applicable. 



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: 47.
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results 

7.1. Silencing RAC1 or SLC2A1 reduced PI3K and AKT expression [1] and decreased the p-PI3K/PI3K and p-AKT/AKT ratios [2], while Bax and Caspase-3 expression increased compared with the si-NC control [3]. 
7.1.1. LAB MEDIA: Figure 14 Video Editor: In Panel A, highlight the PI3K and AKT bands in the si-RAC1 and si-SLC2A1 lanes. Simultaneously, in Panel B, highlight the reduced PI3K and AKT bars in the upper-left and upper-right graphs, respectively.
7.1.2. LAB MEDIA: Figure 14 Video Editor: In Panel B highlight the decreased p-PI3K/PI3K ratios in the upper-middle graph and the decreased p-AKT/AKT ratios in the lower-left graph for the si-RAC1 and si-SLC2A1 groups.
7.1.3. LAB MEDIA: Figure 14 Video Editor: in Panel A, highlight the Bax and Caspase-3 bands in the si-RAC1 and si-SLC2A1 lanes. Simultaneously, in Panel B, highlight the increased Bax and Caspase-3 bars in the lower-middle and lower-right graphs, respectively

7.2. Trans-well assays showed fewer invading HCC cells following RAC1 or SLC2A1 silencing [1], with the greatest reduction observed after SLC2A1 silencing [2]. 
7.2.1. LAB MEDIA: Figure 14 Video Editor: In Panel C along the lower-right and center, please highlight the reduced numbers of blue-stained invading cells in the si-SLC2A1 and si-RAC1 respectively .
7.2.2. LAB MEDIA: Figure 14 Video Editor: In Panel D in the lower-right, please highlight the significantly lower invasive cell counts for the si-SLC2A1 group.
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