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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

Videographer: Please film the computer screen for all shots labeled as SCREEN, as the authors have answered No to the software usage question.

3. Filming location: Will the filming need to take place in multiple locations? No

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. No



Current Protocol Length
Number of Steps: 12 
Number of Shots: 32 

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

Authors: Some statements have been edited for length and clarity. 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. Zhen Ma: We combine single-cell analysis and machine learning to identify prognostic biomarkers that drive hepatocellular carcinoma progression.
1.1.1. [bookmark: _Hlk148697315]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Zhen Ma: Existing bulk methods overlook myeloid subpopulation heterogeneity; our single-cell protocol resolves these critical differences among immune cells.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research contexts or systems in which this protocol can be applied.
1.3. Zhen Ma: This protocol can be applied to hepatocellular carcinoma, tumor microenvironment profiling, and prognostic biomarker discovery across diverse solid tumors.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:

Describe the most important consideration or challenge when performing this protocol.
1.4. Zhen Ma: The key challenge is reliably integrating machine-learning predictions with experimental validation through close coordination between bioinformatics and laboratory teams..
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Zhen Ma: Future studies can explore therapeutic targeting of RAC1 and SLC2A1 and extend this framework to other solid tumors.
1.5.1. 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.





Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. HCC Cell Culture and siRNA Transfection
Demonstrator: Shifan Zhou, Chaofeng Zhou, and Zheng Duan 

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: Shifan Zhou

3.1. In parallel, transfect cells with FAM-siRNA (f-a-m) as transfection efficiency control [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: Zheng Duan 
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. Talent defining the bands and performing grayscale-intensity analysis in the imaging software.


5. Trans-well Migration and Invasion Assays
Demonstrator: Chaofeng Zhou 

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 from the negative-control group [4].
5.3.1. Talent switching on the microscope and computer to imaging and analysis.
5.3.2. Talent at the microscope observing 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.

Videographer: Please film the computer screen for all shots labeled as SCREEN, as the authors have answered No to the software usage question.

6. Technical Implementation and Statistical Analysis
Demonstrator: Keke Zhang, Zhizhong Guo 

6.1. Perform the computational analyses on a high-performance computing server using Python version 3.9 and R version 4.3.1 and the previously specified R packages [1-TXT].
6.1.1. Talent setting up analysis environment and python packages at the high-performance computing server. TXT: Refer to the text protocol for Python package and server 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. 
Videographer: Please film the computer screen for all shots labeled as SCREEN, as the   authors have answered No to the software usage question 

Results

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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