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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
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
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 (download the guidelines from the link given in the email): https://review.jove.com/account/file-uploader?src=20451823

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

Current Protocol Length
Number of Steps:  18
Number of Shots:  41 (40 SC) 

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? 
1.1. Xia Zhang: This study provided novel insights into the interaction between hypoxia, ferroptosis, and immune infiltration in the pathogenesis of multiple sclerosis.
1.1.1. [bookmark: _Hlk194676695]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  

What are the most recent developments in your field of research?
1.2. Xia Zhang: Induced pluripotent stem cells (iPSCs)-derived human OPCs and OLs have emerged as a promising tool to study the intrinsic disorders of MS. Ferroptosis is a distinctive cell death pathway linked to iron-mediated lipid metabolic disturbances and plays a pivotal role in neurodegeneration.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll:2.5.1

What significant findings have you established in your field?
1.3. [bookmark: _Hlk180239624]Xia Zhang: By employing Weighted Gene Co-Expression Network Analysis and Protein-Protein Interaction analysis, we identified three pivotal hub genes, such as ITGB1, ITGB8, and VIM. The result of our study could hopefully shed light on novel biomarkers or therapeutic targets for MS.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll:2.3.1




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


Protocol  
2. Investigating Hub Genes and Pathways in OPC Dysfunction
Demonstrator: Click here to enter name of demonstrator(s)

2.1. To begin, obtain the datasets GSE196575 (G-S-E-19-65-75) and GSE147315 (G-S-E-17-73-15) from the Gene Expression Omnibus [1].
2.1.1. WIDE: Talent taking a seat at the computer table. Videographer: In addition to this video shot, please also take a photograph of talent performing this action. Make sure that it is at least a half-body shot with the talent's face visible and zoom out so we have room for cropping. 

2.2. To merge the datasets, choose the Expression and Data Merge module [1]. Upload the two expression matrix files as input files [2] and click Run to automatically output the merged matrix [3]. Create a sample annotation file as a spreadsheet [4].
2.2.1. SCREEN: Talent navigating to the Expression module and selecting Data Merge.
2.2.2. SCREEN: Uploading two expression matrix files into the input file slots on the interface.
2.2.3. SCREEN: Clicking the Run button and showing the progress bar followed by the generated merged matrix.
2.2.4. SCREEN: Creating a sample annotation file as a spreadsheet .
[bookmark: _Hlk162020732][bookmark: _Hlk203170338][bookmark: _Hlk162020892][bookmark: _Hlk203166143]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 (download the guidelines from the link given in the email): https://review.jove.com/account/file-uploader?src=20451823

2.3. Now, choose the Expression and Remove Batch Effect module [1]. Input the annotation file and the merged matrix [2] and click Run to create the merged matrix with batch effects removed [3].
2.3.1. SCREEN: Talent selecting the Expression > Remove Batch Effect module.
2.3.2. SCREEN: Uploading the annotation file and the previously merged matrix as input files on the interface.
2.3.3. SCREEN: Clicking the Run button and showing the progress bar followed by the final matrix with batch effects removed.

2.4. To normalize the expression data, choose the Expression module followed by the Normalize Module, [1] input Merged Matrix 2, and click Run [2].
2.4.1. SCREEN: Choosing the Expression module followed by the Normalize Module,.
2.4.2. SCREEN: Inputing Merged Matrix 2 and Clicking the Run button. 

2.5. Then, output the expression matrix file [1] and extract the grouping information according to the intervention provided on the GEO website and save it as a .txt (dot-text) format document to create the grouping information file for the merged dataset [2].
2.5.1. SCREEN: Output of the Expression matrix.
2.5.2. SCREEN: Extracting the grouping information and .txt grouping file creation.

Differential Gene Expression Analysis
2.6. Perform differential gene expression analysis using the limma package in R [1]. Input the expression matrix file and grouping information file as inputs [2]. Set the filtering criteria to |logFC| = 1 (log F-C-1) and p < 0.05 (P less than 0.05) to identify differentially expressed genes or DEGs related to multiple sclerosis [3].
2.6.1. SCREEN: R script interface showing the use of the limma package.
2.6.2. SCREEN: Inputting files.
2.6.3. SCREEN: Setting the filtering criteria to |logFC| = 1 and p < 0.05, DEG list appearing 

Functional Enrichment Analysis (GO and KEGG)
2.7. On a suitable online platform with the GO (G-O) and KEGG (K-E-G-G) modules, set the model organism to Homo sapiens, with the Ensemble_109 (ensemble-109) version as the background gene file and Genes as the data type [1]. Refine the GO analysis using ToppFun (top-fun) to avoid broad GO terms [2]. Apply filters to limit terms to 500 and 1,000 associated genes [3].
2.7.1. SCREEN: Setting model organisms to H. sapiens and functional enrichment parameters being set in the GO and KEGG modules.
2.7.2. SCREEN: cursor hovering over ToppFun feature.
2.7.3. SCREEN: Applying filters to limit terms to 500 and 1,000 associated genes

Ferroptosis and Hypoxia Analysis
2.8. Retrieve 538 ferroptosis-related genes from FerrDb (ferr-d-b) and 200 hypoxia-related genes from MsigDB (M-S-I-G -D-B) [1]. Create GMT format files for both gene sets [2].
2.8.1. SCREEN: Downloading gene sets from FerrDb and MsigDB.
2.8.2. SCREEN: GMT files created for ferroptosis and hypoxia gene sets.

2.9. Input the expression matrix file, grouping information file, and GMT files [1] in the GSVA module to calculate the ferroptosis Z score and hypoxia Z score for each sample in the merged dataset [2]. Compare the Z scores of different groups [3].
2.9.1. SCREEN: Inputting files.
2.9.2. SCREEN: Z score calculations using the GSVA module.
2.9.3. SCREEN: Cursor hovering over Z scores across groups displayed.

Weighted Gene Co-expression Network Analysis 
2.10. Extract the calculated Z scores of ferroptosis and hypoxia [1]. Use these Z scores as trait files alongside the expression matrix files to identify key gene modules related to ferroptosis and hypoxia [2].
2.10.1. SCREEN: Z score extraction and preparation of trait files.
2.10.2. SCREEN: Expression matrix and trait files uploaded for analysis.

2.11. Use the WGCNA module to construct a weighted gene coexpression network, set R² = 0.9 (R square to 0.9) and soft threshold β = 18 (soft threshold beta to 18) [1]. Focus on modules significantly associated with both ferroptosis and hypoxia [2].
2.11.1. SCREEN: Parameters set in the WGCNA module (R² = 0.9, β = 18).
2.11.2. SCREEN: Cursor hovering over key gene modules significantly associated with both traits.

2.12. Intersect the disease-related DEGs with ferroptosis and hypoxia-related gene modules using a Venn diagram tool on an online analysis platform [1]. Identify genes associated with both ferroptosis and hypoxia in multiple sclerosis or MS [2].
2.12.1. SCREEN: Generating the Venn diagram.
2.12.2. SCREEN: Cursor hovering over genes associated with both ferroptosis and hypoxia in multiple sclerosis or MS.

Protein-Protein Interaction (PPI) Network Analysis
2.13. Input the intersected genes into the STRING database’s Multiple Proteins module [1]. Set the organism to Homo sapiens and click Search [2].
2.13.1. SCREEN: STRING database interface with genes being inputted.
2.13.2. SCREEN: Organism being set to Homo sapiens.

2.14. Use the CONTINUE option on the webpage to generate the PPI network [1]. Export the interaction network in TSV format and import it into bioinformatics network analysis software [2].
2.14.1. SCREEN: STRING-generating PPI network.
2.14.2. SCREEN: TSV file being imported into analysis software.

2.15. Use the Cytohubba plugin in the bioinformatics software to identify the top 10 hub genes using the MCC algorithm [1]. 
2.15.1. SCREEN: Top 10 hub genes identified using Cytohubba.

2.16. For validation, download the GSE151306 dataset from GEO [1]. Input the expression matrix file, grouping file of the validation set, and the hub gene list [2]. Use the limma package in R Studio to validate the expression of hub genes across different groups [3].
2.16.1. SCREEN: GSE151306 dataset being downloaded.
2.16.2. SCREEN: Inputting files.
2.16.3. SCREEN: Validation of hub gene expression using the limma package.

2.17. Then, open the pROC package (p-R-O-C) in R to plot ROC curves for the differentially expressed hub genes [1]. Validate the diagnostic value of these hub genes in the validation dataset [2].
2.17.1. SCREEN: ROC curves plotted for hub genes.
2.17.2. SCREEN: Diagnostic validation being done using GitHub-provided code.

Prediction of Transcription Factor-Hub Gene Regulatory Networks
2.18. [bookmark: _Hlk187130664]Access the TRRUST v2 database (trust-v-2-database) in the G-R-N-Pedia website [1]. In the Find key regulators for query genes module, set Human as the species and input transcription factors and hub genes into STRING’s Multiple Proteins module [2]. Set Homo sapiens for the organism and click CONTINUE to generate a regulatory network [3].
2.18.1. SCREEN: Accessing TRRUST v2 database.
2.18.2. SCREEN: Inputting Human as the species, transcription factors and hub genes into STRING’s Multiple Proteins module.
2.18.3. SCREEN: Setting Homo sapiens for the organism and clicking CONTINUE to generate a regulatory network .



Results
3. Results 
3.1. A total of 706 differentially expressed genes were identified, with 378 upregulated [1] and 328 downregulated genes [2] in multiple sclerosis patients compared to controls [3].
3.1.1. LAB MEDIA: Figure 2. Video editor: Highlight yellow dots.
3.1.2. LAB MEDIA: Figure 2. Video editor: Highlight blue dots.
3.1.3. LAB MEDIA: Figure 2. 

3.2. Functional enrichment analysis revealed significant involvement of differentially expressed genes in focal adhesion, integrin-mediated signaling pathways, and cadherin binding processes [1], and pathways like PI3K-Akt and Hippo were enriched [2].
3.2.1. LAB MEDIA: Figure 3A-C. 
3.2.2. LAB MEDIA: Figure 3D. Video editor: Focus on the PI3K-Akt and Hippo signaling pathway entries.

3.3. Ferroptosis and hypoxia Z scores were significantly higher in induced pluripotent stem cell-derived oligodendrocyte precursor cells from multiple sclerosis patients [1] than from controls [2].
3.3.1. LAB MEDIA: Figure 4. Video editor: Highlight orange bars.
3.3.2. LAB MEDIA: Figure 4. Video editor: Highlight blue bars.

3.4. Weighted gene co-expression network analysis identified a turquoise module of 3,671 genes associated with ferroptosis and hypoxia [1]. Importantly, 71 genes were identified at the intersection of differentially expressed disease-related genes and those in the WGCNA module, suggesting a strong correlation with ferroptosis and hypoxia in MS [2].
3.4.1. LAB MEDIA: Figure 5A-B. Video editor: Highlight the red box in the turquoise row of B.
3.4.2. LAB MEDIA: Figure 6

3.5. Ten hub genes, including ITGB8, were identified for their crucial role in processes related to ferroptosis and hypoxia [1]. 
3.5.1. LAB MEDIA: Figure 7. Video editor: Sequentially mark the nodes labeled ITGB8, ITGAV, and VIM, etc.
3.6. Validation using the independent dataset revealed that ITGB8 was the most significantly upregulated gene among hub genes, consistent with findings from the merged dataset [1].
3.6.1. LAB MEDIA: Figure 8. Video editor: Highlight the bar or plot representing ITGB8’s .

3.7. ITGB8 showed a 100% area under the curve in receiver operating characteristic analysis, demonstrating its robustness as a biomarker for multiple sclerosis [1].
3.7.1. LAB MEDIA: Figure 9C. Video editor: Focus on the section showing ITGB8.

3.8. HOXD3, SP1, and VHL transcription factors were identified as key regulators of hub genes, emphasizing their role in ferroptosis and hypoxia in multiple sclerosis [1].
3.8.1. LAB MEDIA: Figure 10. Video editor: Highlight the GREEN BOXES.
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