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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 similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  N

3. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Videographer films the interviews.

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Shots: 52


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Sean Graham: This protocol can be used to knock out a gene of interest in the immune system using CRISPR/Cas9-based technologies. [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

1.2. Sean Graham: CRISPR/Cas9 edited mice are generated faster and are far less expensive than traditional genetically modified mice and provide the ability to evaluate targets that are embryonic lethal [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Ethics Title Card

1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at AbbVie.



Protocol
2. Bone Marrow Cell Sorting Preparation
2.1. After harvesting the limb bones from each donor mouse, carefully remove as much muscle and tissue as possible [1].
2.1.1. WIDE: Talent removing tissues 
2.2. When all of the bones have been cleaned, use a 23-gauge needle to puncture the bottom of two 600-microliter microcentrifuge tubes per mouse [1] and place the tubes inside individual 1.5-milliliter centrifuge tubes [2].
2.2.1. Talent puncturing tube
2.2.2. Talent placing 0.6-mL tube into 1.5-mL tube
2.3. Cut one end of each bone [1] and place 4-8 bones into each 600-microliter tube with the open ends facing the 23-gauge hole [2].
2.3.1. Bone being cut
2.3.2. Talent placing bone(s) into tube Videographer: Important step
2.4. After centrifuging the samples [1-TXT], resuspend the pellets in each 1.5-milliliter tube with 1 milliliter of red blood cell lysis buffer [2-TXT]. 
2.4.1. Talent placing tube(s) into centrifuge TEXT: 2 min, 300 x g, RT
2.4.2. Shot of pellet if visible, then buffer being added to tube, with buffer container visible in frame TEXT: Discard 0.6-mL tube and bones
2.5. After 1 minute at room temperature, pool the cell suspensions from individual mice in 50-milliliter conical tubes [1] and neutralize the lysis buffer with the addition of an at least equal volume of DPBS (D-P-B-S) [2].
2.5.1. Talent transferring cells to 50-mL tube
2.5.2. Talent adding saline to tube, with saline container visible in frame 
2.6. Collect the cells by centrifugation [1-TXT]. After aspirating the supernatant completely, use a 1-milliliter syringe of fresh DPBS to filter the cells through 70-micron strainers into individual 50-milliliter conical tubes for counting [2].
2.6.1. Talent placing tube(s) into centrifuge TEXT: 5 min, 300 x g, RT
2.6.2. Talent filtering cells through strainer, with saline and cell counter visible in frame Videographer: Important step
3. Lineage-, Sca1+, C-Kit- (LSK) Cell Isolation 
3.1. To isolate the LSK (L-S-K) cells, suspend the cells in 90 microliters of MACS (macks) buffer per 1 x 107 bone marrow cells [1] and add 10 microliters of CD117-positive beads per 1 x 107 cells to the cell suspension [2].
3.1.1. WIDE: Talent adding buffer to cells 
3.1.2. Talent adding beads to cells, with bead container visible in frame
3.2. After mixing, incubate the cells for 15 minutes at 4 degrees Celsius protected from light [1]. While the cells are incubating, rinse an appropriately sized column with fresh MACS buffer while on the magnet [2].
3.2.1. Talent placing cells at 4 °C protected from light
3.2.2. Talent adding buffer to column, with buffer container visible in frame
3.3. At the end of the incubation add MACS buffer at two times the volume of beads for a wash by centrifugation [1-TXT] and resuspend the pellet to a final concentration of 1 x 108 cells/500 microliters of MACS buffer [2].
3.3.1. Talent adding buffer to tube, with buffer container visible in frame TEXT: 10 min, 300 x g, RT
3.3.2. Shot of pellet with supernatant completely aspirated, then buffer being added to tube, with buffer container visible in frame
3.4. Load the cells onto the column [1] followed by three washes with 3 milliliters of fresh buffer per wash [2].
3.4.1. Talent loading cells, with waste collection container visible in frame
3.4.2. Talent loading buffer, with buffer container visible in frame
3.5. After the third wash, transfer the column to a suitable collection tube [1] and use the column plunger and 5 milliliters of fresh MACS buffer to flush the magnetically labeled cells into the collection tube [2].
3.5.1. Talent placing column into tube
3.5.2. Talent plunging column
3.6. Collect the cells by centrifugation [1] and resuspend the pellet in 100 microliters of MACS buffer per 1 x 107 cells [2].
3.6.1. Talent placing tube into centrifuge
3.6.2. Shot of pellet without supernatant if visible, then buffer being added to tube, with buffer container visible in frame
3.7. Thoroughly mix the appropriate anti-lineage and anti-Sca1 (scaw-one) antibodies with the cells for a 20-minute incubation at 4 degrees Celsius protected from light [1-TXT].
3.7.1. Talent adding antibod(ies) to tube, with antibody containers visible in frame TEXT: i.e., anti-CD3, -B220, -Ter119, -Gr-1, and -CD11b
3.8. At the end of the incubation, wash the cells with 5-10 milliliters of fresh MACS buffer [1] and resuspend the pellet at a 1 x 108 cells/500 microliters of MACS buffer concentration [2].
3.8.1. Talent adding buffer to tube
3.8.2. Shot of pellet with supernatant completely removed, then buffer being added to tube, with buffer container visible in frame
3.9. Then filter the cells through a 70-micron strainer [1] and sort the cells by FACS (facks) according to standard protocols to isolate the lineage-Sca1 (ska-one)-positive population into 100 microliters of LSK culture medium/1 x 104 cells [2].
3.9.1. Talent filtering cells
3.9.2. SCREEN: To be provided by Authors: Sorting gates being setup Authors: Please upload all SCREEN and LAB MEDIA shots to your project page: https://www.jove.com/account/file-uploader?src=18793538.
Videographer: Please film the screen as a backup here
4. [bookmark: _Hlk55297625]LSK Cell Transduction and Culture 
4.1. After sorting, collect the cells by centrifugation [1] and resuspend the pellet at a 1 x 105 cells/milliliter of LSK culture medium concentration [2].
4.1.1. WIDE: Talent placing tube(s) into centrifuge
4.1.2. Talent adding medium to cells, with medium container visible in frame
4.2. Seed 100 microliters of cells to each well of a 96-well, flat-bottom tissue culture plate for an overnight incubation at 37 degrees Celsius in the cell culture incubator [1].
4.2.1. Talent adding cells to well(s)
4.3. Add 300 microliters of a freshly prepared 50 microgram/milliliter retronectin solution in DPBS to each well of a non-tissue culture-treated 24-well polystyrene plate for an overnight incubation at 4 degrees Celsius [1].
4.3.1. Talent adding solution to well(s), with solution container visible in frame
4.4. The next morning, rinse the retronectin-coated plate two times with 300 microliters of DPBS per wash [1] and pool the entire volume of cells from each of 5 wells from the cell culture plate into individual wells of the retronectin-coated plate [2].
4.4.1. Talent rinsing plate, with DPBS container visible in frame
4.4.2. Talent adding cells to well, with 96-well plate and 5 empty wells visible in frame as possible Videographer: Important step
4.5. [bookmark: _Hlk54875011]Use an additional 100 microliters of LSK medium per group of 5 wells to rinse and collect any extra cells remaining in the 96-well plate [1] and add at least 5 × 106 viral particles per milliliter in 300 microliters of VexGFP (vex-G-F-P)-expressing, virus gRNA (G-R-N-A) supernatant to each cell suspension [2-TXT]. 
4.5.1. Talent rinsing well(s) Videographer: Important step
4.5.2. Talent adding virus to well(s), with virus container visible in frame TEXT: See text for guide (g)RNA virus supernatant preparation details
4.6. Place the plate on a shaker at 500 revolutions per minute for 5 minutes [1] before spinning down the plate contents by centrifugation [2-TXT].
4.6.1. Talent placing plate onto shaker
4.6.2. Talent placing plate into centrifuge TEXT: 20 min, 600 x g, 37 °C

4.7. [bookmark: _Hlk55306862]After a 1-hour incubation at room temperature, add 500 microliters of pre-warmed LSK medium to each well [1] for a 2-day-incbation in the cell culture incubator [2].

4.7.1. Talent adding medium to well(s), with medium container visible in frame
4.7.2. Talent placing plate into incubator  

5. Donor Stem Cell Engraftment

5.1. On the day of the engraftment, irradiate the recipient animals two times with 475 centigreys per dose at an interval of 4 hours between each dose [1] and collect the cells from each well into individual 15-milliliter conical tubes for centrifugation [2].

5.1.1. WIDE: Talent approaching door of irradiator room carrying mouse container
5.1.2. Talent adding cells to tube, with 24-well plate visible in frame

5.2. Resuspend the pellets in fresh MACS buffer [1] and filter the cells through a 70-micron strainer [2].

5.2.1. Shot of pellet if visible, then buffer being added to tube, with buffer container visible in frame
5.2.2. Talent filtering cells

5.3. After sorting the cells by their VexGFP expression [1], suspend the cells at an at least 1 x 104 cells/200 microliters of HBSS concentration [2] and intravenously inject the entire volume of each cell sample into individual recipient mice 3 hours after the second dose of irradiation [3].

5.3.1. LAB MEDIA: To be provided by Authors: Shot of sorting gating strategy
5.3.2. Talent adding HBSS to tube, with HBSS container visible in frame 
5.3.3. Cells being injected into the tail vein

6. CD40 Agonistic Antibody-Induced Colitis 

6.1. Twelve weeks after the engraftment, intraperitoneally inject 10 milligrams/kilogram of CD40 agonistic antibody in DPBS into all of the engrafted animals except the naïve control [1].

6.1.1. WIDE: Talent injecting mouse

6.2. On days 3 and 6 after antibody injection, after confirming a lack of response to pedal reflex [1-TXT], administer a 1-2-milliliter of DPBS without calcium and magnesium enema to the first anesthetized mouse [2] and gently insert an endoscope into the colon [3].

6.2.1. ECU: Toe being pinched TEXT: Anesthesia: 2-3% isoflurane
6.2.2. DPBS being administered
6.2.3. [bookmark: _Hlk54876021]Endoscope being inserted

6.3. Then slowly advance the endoscope to the proximal colon while keeping the camera centered and the colon inflated with air [1-TXT] before slowly withdrawing the endoscope while collecting a video and images at 3, 2, and 1 centimeter from the anus [2-TXT].

6.3.1. LAB MEDIA: To be provided by Authors: Endoscope being advanced within colon OR Endoscope being advanced TEXT: e.g., inflate with included air pump or manually with tube or syringe 
6.3.2. LAB MEDIA: To be provided by Authors: Endoscope being withdrawn/image(s) being captured OR Endoscope being withdrawn TEXT: Repeat for each mouse

[bookmark: _Hlk54876300][bookmark: _Hlk54877677] 







Results
7. [bookmark: _Hlk27388131]Results: Representative Effects of Targeted Gene Function in CD40 Agonistic Antibody-Induced Colitis in Mice

7.1. [bookmark: _Hlk37153432]By week 2, B cells, CD11b (C-D-eleven-B)-positive macrophages, and CD11c-positive dendritic cells are engrafted in CD40-targeted gRNA mice [1].

7.1.1. LAB MEDIA: Figures 2 Video Editor: please emphasize B-Cell, Macrophage, and DC graphs

7.2. T-cells, however, take longer to fully engraft [1], requiring 12 weeks to reach 90% [2].

7.2.1. LAB MEDIA: Figure 2 Video Editor: please emphasize T-Cell graph
7.2.2. LAB MEDIA: Figure 2 Video Editor: please emphasize 12-week data point

7.3. Immune organs, such as the spleen and lymph nodes, exhibit the most notable population of donor-derived cells [1], although other organs, including the liver, lung, and intestine, demonstrate the presence of some donor cells [2].

7.3.1. LAB MEDIA: Figure 3 Video Editor: please emphasize brown staining in Figures 3A and 3B
7.3.2. LAB MEDIA: Figure 3 Video Editor: please emphasize brown staining in Figures 3C-3H

7.4. A strong reduction in CD40 expression [1] is observed only in mice expressing CD40-targeting gRNA [2].

7.4.1. LAB MEDIA: Figure 4
7.4.2. LAB MEDIA: Figure 4 Video Editor: please emphasize SgCD40.1, SgCD40.2, and ScCD40.3 data clusters

7.5. Similar to immunodeficient mice, following CD40 agonistic antibody injection [1], wild type mice exhibit body weight loss [2], vascular loss, mucosal thickening [3], and myeloid cell infiltration [4].

7.5.1. LAB MEDIA: Figures 5A-5C
7.5.2. LAB MEDIA: Figures 5A-5C Video Editor: please emphasize purple data line in Figure 5A
7.5.3. LAB MEDIA: Figures 5A-5C Video Editor: please emphasize Anti-p40 data clusters and Anti-p40 image in Figure 5B 
7.5.4. LAB MEDIA: Figures 5A-5C Video Editor: please emphasize brown staining in IBA1-Anti-p40 image and Anti-p40 data cluster in IBA1 graph in Figure 5C

7.6. An adaptive immune response is also observed, as indicated by T cell infiltration of the colon [1] and CD86 upregulation in splenic T and B cells [2].

7.6.1. LAB MEDIA: Figures 5C and 5D Video Editor: please emphasize brown staining in IBA1-Anti-p40 image and Anti-p40 data cluster in IBA1 graph in Figure 5C
7.6.2. LAB MEDIA: Figures 5C and 5D Video Editor: please emphasize Anti-p40 data clusters in Figure 5D

7.7. A reduction in CD40 expression by targeted gRNA also protects mice from CD40 agonistic antibody-induced colitis [1].

7.7.1. LAB MEDIA: Figures 6A and 6B Video Editor: please emphasize SgCD10.1, sGCD40.2, and SgCD40.3 data lines and, images, and data clusters

7.8. Scrambled non-targeting gCD40.1 (G-C-D-forty-point-one) provides the most powerful disease inhibition [1], as indicated by the level of CD86 upregulation [2] and intestinal immune cell infiltration [3].

7.8.1. LAB MEDIA: Figures 6C and 6D
7.8.2. LAB MEDIA: Figures 6C and 6D Video Editor: please emphasize SgCD40.1 data clusters in Figure 6D
7.8.3. LAB MEDIA: Figures 6C and 6D Video Editor: please emphasize SgCD40.1 data cluster and image in Figure 6C

7.9. Scrambled non-targeting gCD40.2 demonstrates the least editing efficiency in vitro, which translates to the least protection in vivo, while scrambled non-targeting gCD40.3 exhibits an intermediate editing and protection [1].

7.9.1. LAB MEDIA: Figures 6D and 6E Video Editor: please emphasize SgCD40.2 data clusters and image in Figure 6C and SgCD40.2 data clusters in Figure 6D



Conclusion
8. Conclusion Interview Statements
8.1. Sean Graham: The most important thing to remember is that we are working with an extremely small cell population and, therefore, losses must be minimized throughout the protocol, particularly when filtering the cells for counting [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Suggested B-roll: 2.6.2
8.2. Sean Graham: The mice generated using this protocol can be enrolled into any model using mice on the C57BL/6 background. The specific model will be determined by your target of interest [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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