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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  yes  
If Yes, can you record movies/images using your own microscope camera?
no  
If No, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Leitz Labovert Type 090-122.012

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  no

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


Introduction

1. Introductory Interview Statements

1.1. Martha Lopez-Yrigoyen: Human macrophage biology research has been limited because it depends on collecting cells from donors. This protocol provides a method of producing human macrophages from pluripotent stem cells in the laboratory [1].
1.1.1. [bookmark: _Hlk25067257]INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
1.2. Telma Ventura: This is a robust protocol that can be scaled up, so we can generate pure populations of macrophages in large quantities for use in research or cell therapy [1].
1.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
1.3. Alisha May: Pluripotent stem cells can be genetically manipulated, so this protocol allows us to generate macrophages with specific phenotypes, fluorescent tags, or macrophages that can model a diseased state [1].
1.3.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
1.4. Alisha May: Visual demonstration of this protocol is helpful because the use of the EZ tool will not be familiar to many researchers. Also, the level of care required when harvesting cells and replenishing media is difficult to put into words [1]. 
1.4.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

Introduction of Demonstrator on Camera

1.5. Martha Lopez-Yrigoyen: Demonstrating the procedure will be Helen Taylor, our lab manager, as well as Alisha May and Telma Ventura, PhD Students from our lab. 
1.5.1. INTERVIEW: Author saying the above. 
1.5.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.6. 

Protocol
2. Passaging Human iPSCs
2.1. When the cultured cells have reached 80 percent confluency, replace the spent culture medium with 1.5 milliliters of fresh medium [1-TXT].
2.1.1. Talent removes culture medium and adds fresh culture medium. TEXT: Medium: hESC-SFM, supplemented with 20 ng/mL bFGF, without ROCK inhibitor
2.2. Holding the culture vessel in one hand, roll a disposable cell passaging tool across the plate in one direction [1]. All blades in the roller must be touching the plate. Maintain uniform pressure while rolling [2]. Repeat rolling in the same direction until the whole well has been covered [3]
2.2.1. [bookmark: _GoBack]Talent holds culture vessel in one hand and rolls cell passaging tool across the plate. 
2.2.2. CU: Show all blades touching the plate. 
2.2.3. Talent rolls cell passaging tool across the plate. NOTE: 2.2.1, 2.2.3 and 2.3.1 all in one shot
2.3. Rotate the culture vessel 90 degrees and repeat rolling [1].
2.3.1. Talent rotates culture vessel 90 degrees and begins rolling again.
2.4. NOTE: Authors may have added some VO text and messed up the slating. If shots aren’t matching up, try deleting steo 2.4 here and see if that helps. 
2.5. With a sterile pipette, use media in the well to dislodge cut colonies [1]. Aspirate cell start and replace media. Transfer cells at a 1 to 4 ratio onto precoated wells, prepared as described in the manuscript [2-TXT].
2.5.1. Talent aspirates cell start and adds media. NOTE: Take 2 of 2.5.1 slated as 2.5.2 by mistake. Use take 2
2.5.2. Talent transfers cells onto precoated wells. TEXT: Final media volume: 1.5 mL/well.

3. Human iPSC Differentiation to Macrophages
3.1. To begin the differentiation process on day zero, add 2.25 milliliters of Stage 1 media into two wells of an ultralow attachment 6-well plate [1]. Then, for one 80-percent-confluent well of iPSCs in a 6-well plate, replace the maintenance media with 1.5 milliliters of Stage 1 media [2].
3.1.1. Talent adds medium to two wells of ultralow attachment 6-well plate.
3.1.2. Talent replaces media in one well of 6-well plate containing 80% confluent iPSCs.

3.2. Cut colonies, using a new cell passaging tool [1]. Using a pipette, transfer the cut [3] colonies into the two wells of the ultralow attachment 6-well plate [2 and 4]. Videographer: This is one of the most important steps for viewers to see.
3.2.1. Talent cuts colonies using cell passaging tool. NOTE: Order shots in the following way: 3.2.1, 3.2.3, 3.2.2 and 3.2.4. 3.2.4 must have been added. 
3.2.2. SCOPE: Show transferred cells that were cut with the passage tool
3.2.3.  A pipette transferring cell colonies to the ultralow attachment 6-well plate.	
Added shot 3.2.4: CU of cells flushing 
3.3. On day 2, adjust the cytokine concentrations by adding 0.5 milliliters of hESC-SFM [1-TXT]media to the 6-well plate containing the Day 2 embryoid bodies [2].
3.3.1. Talent adds media to the 6-well plate containing Day 2 embryoid bodies to adjust cytokine concentration. TEXT: Final cytokine concentrations:; 50 ng/mL BMP4; 50 ng/mL VEGF; 20 ng/mL SCF
3.3.2. Added shot: Same as 3.3.1 but CU
3.4. On day 4, coat 4 wells of a 6-well tissue culture plate with 0.1 percent gelatin [1]. After incubating for at least 10 minutes, remove the gelatin and add 2.5 milliliters of Stage 2 media [2].
3.4.1. Talent coats 4 cells of 6-well plate with gelatin.
3.4.2. Talent removes gelatin and adds Stage 2 media.
3.5. Collect formed embryoid bodies from the two wells of a 6-well plate, and place them in a 50-milliliter centrifuge tube [1]. Allow them to settle at the bottom of the tube by gravity [2]. Then, carefully aspirate the media [3] from the tube, and resuspend the embryoid bodies in 2 millilitres of Stage 2 media [4]. Videographer: This is one of the most important steps for viewers to see.
3.5.1. Added shot: Talent collects embryoid bodies and transfers them to a centrifuge tube.
3.5.2. Added shot: ECU of embryoid bodies NOTE: 2 shots were added so I’m not sure how the rest of the shots were slated. Please try to match them up according to shot description. 
3.5.3. Talent aspirates media and 
3.5.4 resuspends EBs in 2 mL of Stage 2 media.
3.6. Transfer 10 to 15 embryoid bodies to a gelatin-coated well containing 2.5 milliliters of Stage 2 media, and incubate at 37 degrees with 5 percent carbon dioxide [1]. For 2 to 3 weeks, change the media every 3 or 4 days [2].
3.6.1. Talent transfers EBs to gelatin-coated well containing Stage 2 media, and places plate in incubator. Videographer: This is one of the most important steps for viewers to see, and one of the most difficult to perform. 
Extra shot of 3.6.1 slate as 3.6.1 take 4. ECU of same
3.6.2. Talent removes plate from incubator 
3.6.3. and begins process of changing media.
3.6.4. ECU of 3.6.3
3.7. Alisha May: Plating of the EBs is crucial. Having fewer than 10 or more than 15 EBs, or an uneven distribution, can lead to the production of very low yields of macrophages. [1].
3.7.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera. 
3.8. After 2 to 3 weeks, the embryoid bodies start releasing nonadherent hematopoietic cells into suspension [1]. Using a 40-micrometer strainer, collect these cells into a 50-milliliter tube, and then replenish the media [2]. Centrifuge the suspension of hematopoietic cells at 200 times g for 3 minutes [3].
3.8.1. SCOPE: Embryoid bodies releasing hematopoietic cells.
3.8.2. Talent transfers media containing hematopoietic cells into a 50-mL tube with a strainer, and replenishes media in plate. Videographer: This is one of the most difficult aspects of the procedure.
3.8.3. Talent places 50-mL tube in centrifuge.
3.9. Resuspend the hematopoietic cells in Stage 3 media [1]. Then, plate the cells at a density of 0.2 x 106 cells per milliliter [2-TXT].
3.9.1. Talent resuspends cells in Stage 3 media. NOTE: 3.9.1. and 3.9.2 in one shot. 
3.9.2. Talent adds cells to plates. TEXT: untreated plastic 10-cm bacteriological-grade plates: 10 mL; uncoated 6-well tissue culture plates: 3 mL
3.10. Change the Stage 3 media every 5 days. After 9 to 11 days, the macrophages will be fully differentiated and full functional [1].
3.10.1. Talent changes media.
3.10.2. SCOPE: The macrophages fully differentiated
4. High-Throughput Phagocytosis Assay
4.1. Harvest and prepare the macrophages, and prepare the bead solution, as described in the manuscript [1]. Add 100ul of bead solution to each well
4.1.1. Talent working with 96-well imaging plate.
4.1.2. Same as above but CU
4.2. 5.11. Add 100 microliters of bead solution to each well of iPSCs [1].
4.2.1. Talent begins adding bead solution. NOTE: Use 4.1.1. here. 
4.3. Use a high-content imaging system to image the plate [1]. Acquire three or more fields across each well to obtain a good representation [2].
4.3.1. Talent places plate in high-content imaging system.
4.3.2. Talent captures multiple images of plate. NOTE: Authors submitted videos of phagocytosis that should go here instead of the shots. 


Results
5. Results: Phenotype and Function of iPSC-Derived Macrophages 
5.1. iPSC colonies, embryoid bodies, hematopoietic suspension cells, and mature macrophages were morphologically distinct [1]. iPSC-derived macrophages were large, had single small oval-shaped nuclei, and had abundant cytoplasm containing many vesicles [2].
5.1.1. LAB MEDIA: Figure 2. Video editor: emphasize Figure 2A.
5.1.2. LAB MEDIA: Figure 2. Video editor: emphasize Figure 2B.
5.2. Macrophage phenotype was assessed by flow cytometry [1]. Mature iPSC-derived macrophages expressed the lineage marker CD45 and the macrophage maturation marker 25F9, and were negative for monocyte immature macrophage marker CD93 [2].
5.2.1. LAB MEDIA: Figure 3.
5.2.2. LAB MEDIA: Figure 3. Video editor: emphasize Figure 3A.
5.3. iPSC-derived macrophages expressed several lineage myeloid markers [1], and were positive for immune-modulation marker CD86 [2]. A small proportion of the macrophages expressed chemokine receptors CX3CR1, CCR2, CCR5, and CCR8 [3].
5.3.1. LAB MEDIA: Figure 3. Video editor: emphasize parts of Figure 3B circled in red in 60138_Figure3_referenceimage.jpg.
5.3.2. LAB MEDIA: Figure 3. Video editor: emphasize parts of Figure 3B circled in green in 60138_Figure3_referenceimage.jpg.
5.3.3. LAB MEDIA: Figure 3. Video editor: emphasize parts of Figure 3B circled in magenta in 60138_Figure3_referenceimage.jpg.
5.4. iPSC-DM phagocytic ability was evaluated using bioparticles and a high-content imaging system [1]. Bioparticles were nonfluorescent when added to the macrophage cultures [2] but, after phagocytosis, fluoresced bright green in the intracellular acidic pH [3].
5.4.1. LAB MEDIA: 61038_scope_1.mp4
5.4.2. LAB MEDIA: Figure 4. Video editor, please emphasize Figure 4A.
5.4.3. LAB MEDIA: Figure 4. Video editor, please emphasize Figure 4B.
5.5. The phagocytic fraction represents the proportion of macrophages that phagocytosed bioparticles [1], and the phagocytic index is a measure of the number of bioparticles that each macrophage ingested [2].
5.5.1. LAB MEDIA: Figure 4. Video editor, please emphasize Figure 4C.
5.5.2. LAB MEDIA: Figure 4. Video editor, please emphasize Figure 4D.
5.6. Macrophages can change phenotype in response to environmental cues [1]. RT-PCR was used to quantify upregulated mRNA expression of genes [2]. 
5.6.1. LAB MEDIA: Figure 5.
5.6.2. LAB MEDIA: Figure 5. Video editor, please emphasize Figure 5A and 5B.
5.7. Macrophages treated with LPS and IFN-gamma or IL4 showed a significantly lower percentage of phagocytic cells when compared to naive macrophages. Macrophages treated with IL10 showed an increased percentage of phagocytic cells and an increased phagocytic index [1].
5.7.1. LAB MEDIA: Figure 5. Video editor, please emphasize Figure 5C, 5D, and 5E.



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements
6.1. Alisha May: This protocol could provide an off-the-shelf source of cells for treating diseases such as chronic liver disease where macrophages have been shown to be therapeutic in animal models [1].
6.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
6.2. Telma Ventura: iPSC-derived macrophages can be used to study the macrophages associated with different diseases states. For example, we have used these cells to study tumor-associated macrophages in breast cancer [1].
6.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
6.3. Martha Lopez-Yrigoyen: We have modified the phenotype of iPSC-derived macrophages by genetic programming with a single transcription factor, called KLF1. This created macrophages that are similar to erythroid island macrophages and has provided insights into the production and maturation of red blood cells [1].
6.3.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
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