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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 2.2, 2.4, 3.4, 3.5, 5.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.  5.2. Proficiency in restraining the mouse and intra-peritoneal injections is important to decrease intra-experimental variability. It is also important on previous steps to ensure the cells are kept viable by keeping them on ice throughout the experiment and handling the cells gently.
E.  Will the filming need to take place in multiple locations? (Y/N) No 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to induce intestinal inflammation by the adoptive transfer of naïve T cells into immunodeficient mice. (Intro)
This is accomplished by first isolating cells from mouse spleens…, lysing the blood cells…, and then enriching the population for CD4-positive (pronounced: C-D-four)  T cells. (P1: Start with the mouse with the red spleen in the 52533_Schematic ppt. Then remove the spleen from the mouse and dissolve or fade it into a bunch of cells, and show the cells enter the tube. Make all the red cells disappear from the tube at mention of “lysing the blood cells”, and then have the magnet appear, and show it attracting the indicated cells with the lightening bolts. Then end up with the tube of just the circular cells [as in the tube after the arrow labeled IV in the ppt diagram].)
The second step is to label these cells with fluorescent dye-conjugated CD4 and CD45RB (pronounced: C-D-forty-five-R-B) antibodies. (P2: Attach the little red and green balls to the round cells.)
Next, the labeled cells are sorted using FACS into CD45RB-low and CD45RB-high populations. (P3: Show the graph, but leave off the 25% and 40% markers. Then add the 25% marker back at mention of “CD45RB-low” and the 40% marker at “CD45RB-high.”)
The final step is to transfer the CD45RB-high cells into immunodeficient mice by intraperitoneal injection. (P4: Keep the graph. Show transfer of the 40% population into the syringe, and then have the mouse be injected. It would be better to show the mouse being injected in the abdomen. Possibly use mice from DAM #341 or #4205, but they may not fit the overall aesthetic of this schematic.)
Ultimately, the transferred cells are activated and cause local tissue damage in the absence of T regulatory cells, resulting in experimental colitis. (P5: Show LAB MEDIA Figure 3A with the panel label “A” removed. Highlight the right two images at mention of “cause local tissue damage.”)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Erin Steinbach: This method can help answer key questions in the study of inflammatory bowel diseases, such as the role of specific cell populations and the gastrointestinal microbiota in disease pathogenesis.  

Protocol (read by voice talent at JoVE):
2. Isolation of Splenic (pronounced: SPLEN-ic, first syllable rhymes with Jen) T Cells from Donor Mice 
2.1. TEXT ON WHITE BACKGROUND: Ensure that all animal protocols are approved by and in compliance with Institutional Animal Care and Use Committee (IACUC) regulations and the National Research Council’s Guide for the Care and Use of Laboratory Animals. [2.1.1-TXT]
2.1.1. TEXT ON WHITE BACKGROUND Text of the above statement
2.2. After euthanizing the donor mouse [2.2.1-MED/WIDE-TXT]…, spray the abdomen with 70% ethanol to sterilize the area [2.2.2-CU]. Then make a horizontal incision across the abdomen, and peel back the skin to expose the peritoneum (pronounced: PEAR-ih-tuh-NEE-um) [2.2.3-CU/ECU].
2.2.1. Talent places mouse on the work surface; TEXT: Refer to the text protocol
2.2.2. *film as written
2.2.3. *film as written
2.3. Using forceps, hold the peritoneum away from the internal organs, and make an incision in the left abdominal peritoneum [2.3.1-ECU]. Next, excise the spleen from the mouse [2.3.2-ECU] and place it in a Petri dish containing 10 ml of ice-cold complete medium [2.3.3-CU].
2.3.1. *film as written
2.3.2. *film as written
2.3.3. *film as written
2.4. Crush the spleen with two sterile glass slides to make a single-cell suspension [2.4.1-CU]. Filter the cells through a 70 micron strainer into a 50 ml conical tube [2.4.2-CU], and then rinse the strainer with 5 ml of complete medium. Strain up to 5 spleens in one conical tube [2.4.3-MED – Over the shoulder].

2.4.1. *film as written
2.4.2. *film as written
2.4.3. Talent rinses the strainer then begins to filter more cells.

2.5. Next, centrifuge the cells at 450 times g for 7 minutes at 4 (C [2.5.1-MED/WIDE]. Aspirate the supernatant into a waste container [2.5.2-CU], and then gently resuspend the cells in 10 ml of ice cold Labeling Buffer [2.5.3-CU]. 

2.5.1. Talent removes the tube(s) from the centrifuge and places them in a rack.
2.5.2. *film as written
2.5.3. *film as written
2.6. Combine 20 μl of the cell suspension with 180 μl of 0.4% Trypan blue solution, and incubate the cells for 5 min at room temperature [2.6.1-CU/MED]. Then add 10 µl of the cell suspension to a hemocytometer (pronounced: HEE-moh-sigh-TAW-mih-ter) [2.6.2-ECU] and count the number of non-blue cells under the microscope [2.6.3-MED].
2.6.1. Talent adds Trypan blue and sets a timer.

2.6.2. *film as written
2.6.3. Talent brings hemocytometer to microscope and focuses.

3. Enrichment of CD4+ T Cells 
3.1. To begin the enrichment, pellet and gently resuspend the cells in ice-cold Labeling Buffer at a concentration of 20 times 106 cells/ml [3.1.1-CU-TXT]. Add 5 μl of biotinylated CD4 T cell enrichment antibody per 1 times 106 cells, and then incubate the cells on ice with the antibody for 15 min [3.1.2-CU/MED-TXT].
3.1.1. Talent resuspends the cell pellet; TEXT: 20 × 106 cell/ml

3.1.2. *film as written; TEXT: 5 μl of antibody/1 x 106 cells
3.2. Add ten times the volume of Labeling Buffer to the cell suspension [3.2.1-CU], and then centrifuge the cells at 450 times g for 7 min [3.2.2-MED – Over the shoulder]. Carefully aspirate the supernatant without disturbing the cell pellet [3.2.3-CU].
3.2.1. *film as written
3.2.2. Talent removes tubes from the centrifuge.

3.2.3. *film as written
3.3. Next, resuspend the streptavidin-conjugated (pronounced: strep-AV-ih-din) magnetic particles by vortexing [3.3.1-MED], and add 5 μl of particles per 1 times 106 cells to the cells. Mix the particles with the cells by gently flicking the tube [3.3.2-CU/ECU], and then incubate the mixture at 6 to 12 (C for 30 min [3.3.3-MED].
3.3.1. *film as written
3.3.2. *film as written; TEXT: 5 μl of particles/1 x 106 cells (Video Editor: Have text overlay appear with the addition of particles to the tube then remove for the mixing.)
3.3.3. *film as written
3.4. Resuspend the cells to a concentration of 20 to 80 times 106 cells/ml with Labeling Buffer [3.4.1-CU-TXT]. Then transfer 1 ml of labeled cells to a 12 mm by 75 mm round-bottomed test tube, and place this positive-fraction tube on a magnet for 6 to 8 min [3.4.2-MED – Over the shoulder-TXT].
3.4.1. *film as written; TEXT: 20-80 × 106 cells/ml
3.4.2. *film as written; TEXT: Positive-fraction tube (Video Editor: Have text overlay appear at the transfer of cells to the tube)
3.5. With the tube on the magnet, carefully remove the supernatant with a glass Pasteur pipet… [3.5.1-ECU] and transfer it to a new sterile 50 ml conical tube. This fraction contains the CD4-positive T cells [3.5.2-CU-TXT].
3.5.1. *film as written
3.5.2. *film as written; TEXT: Enriched-fraction tube (Video Editor: Have text overlay appear at mention of “This fraction.”)
3.6. Remove the positive-fraction tube from the magnet, and resuspend the cells in Labeling Buffer by pipetting vigorously [3.6.1-CU]. Return the tube to the magnet for another 6 to 8 min [3.6.2-MED – Over the shoulder].
3.6.1. *film as written
3.6.2. *film as written; Talent sets timer after placing tube on magnet.

3.7. Again, carefully transfer the supernatant to the enriched-fraction tube. Increase the yield of CD4-positive T cells by repeating the enrichment as necessary [3.7.1-MED].
3.7.1. Talent transfers the supernatant, then picks up the tube and begins to resuspend.

4. Labeling and Sorting the CD4+ T Cells
4.1. To prepare the cells for labeling, first centrifuge the enriched fraction at 450 times g for 7 min [4.1.1-MED] and discard the supernatant [4.1.2-CU]. Then resuspend the cells in Labeling Buffer to a concentration of 10 times 106 cells/ml [4.1.3-CU-TXT].
4.1.1. Talent removes the tube from the centrifuge
4.1.2. *film as written
4.1.3. *film as written; TEXT: 10 × 106 cell/ml
4.1.4. Aliquot 5 times 105 cells in individual microfuge tubes for unstained, isotype-stained, and single-stained control cells [4.2.1-CU/ECU-TXT].
4.1.5. Talent adds cells to one of several to pre-labeled microfuge tubes; TEXT: 5 × 105 cell/ml
Note to the Authors: Please have tubes clearly labeled in advance.
4.2. Then add 5 μg/ml of CD4-FITC (pronounced: C-D-4-fit-C) and 1 μg/ml of CD45RB-PE (pronounced: C-D-forty-five-R-B-P-E) antibodies to the tube containing the original cell suspension [4.3.1-CU]. Add the isotope control stains and the single stains at the same concentration to the appropriate cell aliquots [4.3.2-CU].
4.2.1. *film as written
4.2.2. Talent adds antibody to one aliquot only.
4.3. Gently mix the cells with the antibodies [4.4.1-ECU], and then incubate the tubes on ice for 30 min. Cover the tubes to protect them from light [4.4.2-MED – Over the shoulder]. 
4.3.1. *film as written
4.3.2. Talent places tubes on ice and covers them.

4.4. Next, wash the cells twice in Labeling Buffer as indicated in the text protocol [4.5.1-MED], and resuspend the cells at 10 times 106 cells/ml in Labeling Buffer [4.5.2-CU-TXT]. 

4.4.1. Talent adds buffer to a tube and then takes tubes to the centrifuge. 

4.4.2. Talent resuspends cells; TEXT: 10 × 106 cell/ml 
4.5. Then pass the cell suspension through a 70 micron strainer into a FACS tube [4.6.1-CU]. Place the tube on ice, and cover it to prevent photobleaching of the stains [4.6.2-MED – Over the shoulder].
4.5.1. *film as written
4.5.2. Talent places tube on ice and covers them.

4.6. Use the unstained and single-stained control cells to calibrate the compensation on the cell sorter [4.7.1-MED/CU]. 
We did not have access to the Flow Cytometry Core, and thus we were not able to film Steps 4.7 – 4.10. Instead, we obtained several shots of the talent at the computer manipulating the flow cytometry software.
4.6.1. Talent loads the controls for calibration.

4.7. Exclude the non-viable cells using forward- and side-scatter gating, and then set the gating for CD4-positive and CD45RB-positive cells with the isotype-stained controls [4.8.1-MED].
4.7.1. Talent sits at the computer and manipulates the software.

4.8. Next, gate the CD4-positive population, and then sort the cells into CD45RBhigh (pronounced: C-D-forty-five-R-B-high) and CD45RBlow (pronounced: C-D-forty-five-R-B-low) populations [4.9.1-LM]. 
4.8.1. LAB MEDIA Figure 1D, graph only (Video Editor: Add text of “CD45RBhigh” when mentioned over the line indicating fraction R7, and add text of “CD45RBlow” when mentioned over R6 at mention.)
4.9. Collect the cells in tubes containing 2 ml of Complete Medium [4.10.1-CU], and then run an aliquot of approximately 10 times 103 cells from each fraction on the cell sorter to assess the sample purity [4.10.2-MED].

4.9.1. Show collection tubes containing complete medium.

4.9.2. Talent starts to check an aliquot.

5. Injection of Cells into Recipient Mice and Monitoring of Disease Progression
5.1. To prepare CD45RBhigh and CD45RBlow cells for injection, wash [5.1.1-MED] and resuspend them in PBS to the appropriate cell density as indicated in the text protocol [5.1.2-CU]. 
5.1.1. Talent adds buffer to the tube and takes the tube to the centrifuge.
5.1.2. Talent resuspends a cell pellet.
5.2. Next, firmly restrain the recipient mouse…[5.2.1-CU], and inject 100 μl of the cell suspension intraperitoneally into the right and the left sides of the abdomen [5.2.2-ECU].
5.2.1. *film as written
5.2.2. Talent injects cells into at least one side of the abdomen.
5.3. Monitor the recipient mice for clinical parameters as indicated in the text protocol every week post injection. Disease progression is typically apparent at week 5 [5.3.1-MED/WIDE].

5.3.1. Talent observes mice and takes notes. 

5.4. Sacrifice a mouse at a pre-determined time point or when it has lost 20% of its starting body weight [5.4.1-MED/CU-TXT], and extract the colon [5.4.2-CU].

5.4.1. Talent preps the sacrificed mouse for colon extraction; TEXT: Refer to the text protocol
5.4.2. *film as written
5.5. Then, measure and record the length… [5.5.1-CU] and the weight of the colon [5.5.2-CU].

5.5.1. Talent measures length

5.5.2. Talent measures weight

6. Results: Colitis Progression after Adoptive T Cell Transfer into Recipient Mice 
6.1. CD4-positive, CD45RBhigh T cells were transferred to Rag1 (pronounced: rag-1) knockout and Nfil3 Rag1 (pronounced: N-F-I-L-3 rag-1) double knockout recipient mice. By 5 weeks post-injection, double knockout mice had lost 10% of their initial body weight [6.1.1]. Colons of both Rag1 knockout and double knockout recipient mice were thickened and shortened compared to colons from the control mice [6.1.2].
6.1.1. Figure 2: Show panel A without the panel label. Highlight the two types of mice when they are mentioned; NRDKO = Nfil3 Rag1. Then highlight the lower line at mention of “double knock out mice had lost…”

6.1.2. Figure 2: Show panel C without the panel label. Circle or otherwise highlight the bottom 4 colons at “Colons of both…” and then highlight the top 4 colons at “compared to colons from…”
6.2. CD4-positive, CD45RBhigh T cells were transferred to Rag1 knockout and Rag1 knockout, δKD (pronounced: p-one-ten-delta-mutant) recipient mice [6.2.1]. Histological analysis at 3 weeks post-transfer indicated epithelial hyperplasia [6.2.2], inflammatory cell infiltrates [6.2.3], and crypt abscesses in Rag-1 knockout, delta-mutant recipients but not Rag1 knockout mice [6.2.4].
6.2.1. Figure 3: Show panel A without the panel label. Add text of 100 μm below the scale bars. Highlight the types of mice at the top.

6.2.2. Figure 3A: Highlight images on the right at mention of “indicated epithelial,” and keep highlighted until “delta-mutant recipients” is spoken.
6.2.3. Figure 3A: Indicate the inflammatory cell with an arrow.

6.2.4. Figure 3A: Highlight images on the left starting with “but not Rag1.”
7. Conclusion (said by authors on camera)
7.1. Erin Steinbach: Once mastered, this technique can be done in 4 to 6 hours if it is performed properly.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

4.9 – Figure1_100714.pdf
6.1 – Figure2_100714.pdf
6.2 – Figure3_100714.pdf
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


