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A.  Will you require JoVE to record video microscopy through a microscope? N

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N

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, 3.2-3.4

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.4 isolation of lymph nodes.  To ensure success the animal must be properly pinned to the dissection board

E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of the following procedure is to polarize naïve CD4+ T cells isolated from mouse lymph nodes and spleens into distinct T helper subsets in vitro. (Intro) This is accomplished by first processing spleens and lymph nodes harvested from adult, wild type mice. (P1) In the second step, the CD4+ cell population is enriched by magnetic bead separation, (P2) and then further sorted by their naïve T cell marker expression. (P3) In the final step, the cells are treated with T cell receptor activating factors and polarizing cytokines to induce their differentiation into various T helper lineages. (P4) Ultimately, flow cytometry, ELISA, and real time PCR are used to assess the efficiency of the T helper cell differentiation. (P5)

From JOVE graphics.pptx

(P1) please show mouse/open mouse with lymph nodes and spleen visible and have lymph nodes and spleen leave mouse and enter dish separate dishes, and have tissues break up into cells in bottom of petri dishes
(P2) show cells in/enter conical tube, then have cells enter column (similar to column in graphic); have some cells stick to wall of column and have ones leaving column enter beaker labeled “CD4-“, then have “CD4+” text appear next to column (or similar way to indicate CD4+ cells are in column)
(P3) have column disappear and antibodies appear and attach to some cells, then show flow cytometry sorting animation
(P4) have cells move from flow cytometer collection tube (or similar) into petri dish with antibodies attached to bottom (with tail of antibody Y attached to bottom of dish), then have cells layer on top of antibodies and have colored circles enter dish, with colored circles changing cells into the color of the circle that touches them
(P5) Fig3 revised.pdf (Video Editor: with “flow cytometry” please highlight the top row of dot plots; with “ELISA” please highlight the left bottom graph; with “real time PCR” please highlight the right bottom graph)

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Stephanie Flaherty: This method can help answer key questions in the T helper cell field, such as how does the expression of specific molecules or the treatment with specific drugs influence the nature of a T cell response?
Protocol (read by voice talent at JoVE):
2. Mouse lymph node and spleen isolation
2.1. Begin by pinning the limbs of a 5-10 week old C57BL/6 mouse to the dissecting board [2.1.1.-WIDE-TXT] and then cut the skin longitudinally from the anus to the chin, taking care not to puncture the underlying peritoneal tissue [2.1.2.-CU].

2.1.1. Few seconds Talent pinning limbs to board (Videographer: More Talent than mouse in shot) (TEXT: Institute approved euthanasia)

2.1.2. Few seconds skin being cut

2.2. Next, pin the skin open [2.2.1.-CU] and use one pair of forceps to grab the lymph node and another to separate away the tissue [2.2.2.-CU] from each of the locations indicated in the image [2.2.3.-LM].

2.2.1. One pin being placed

2.2.2. At least both forceps being placed, and if possible, quick shot of tissue being pulled away Take 2 Best
2.2.3. Figure 1b alone.tif: add/highlight arrows
2.3. As each lymph node is harvested, place it into a collection dish containing PBS supplemented with 1% FBS, or “PBS plus” [2.3.1.-MED], and then carefully open the peritoneum [2.3.2.-CU] and remove the spleen [2.3.3.-CU].

2.3.1. Talent placing LN into petri dish

2.3.2. Few seconds peritoneum being opened/shot of open peritoneum

2.3.3. Spleen being lifted out of abdominal cavity

2.4. Place the spleen into the collection dish as well [2.4.1.-CU] and transfer the dish to an ice bucket [2.4.2.-CU-TXT].

2.4.1. *Film as written

2.4.2. TEXT: Repeat for each mouse
3. Tissue Processing and CD4+ Enrichment
3.1. To enrich for the CD4+ cells, split the lymph nodes and the spleens into two separate 60 mm dishes containing 3 ml of PBS plus each [3.1.1.-WIDE-TXT].

3.1.1. Talent placing LN or spleen(s) into appropriate dish on ice, with other dish and tissues visible in frame if possible (TEXT: Keep cells on ice when not in use) 

3.2. Using sterile forceps, next place a square of sterile nylon mesh over the spleens [3.2.1.-CU] and use the thumb side of a syringe plunger to gently smash them against the mesh [3.2.2.-CU] until almost all of the tissue goes into suspension [3.2.3.-CU].

3.2.1. *Film as written

3.2.2. Few seconds spleens being mashed

3.2.3. Shot of almost all tissue in suspension

3.3. Pipette the suspension up and down a few times to break up the remaining soluble clumps [3.3.1.-CU], and then place a new piece of nylon mesh over the opening of a 15 ml conical tube [3.3.2.-CU]. Filter the suspension into the tube to remove any remaining debris [3.3.3.-CU].

3.3.1. *Film as written

3.3.2. *Film as written

3.3.3. *Film as written

3.4. Now repeat the mechanical dissociation for the lymph nodes [3.4.1.-CU] and fill both tubes of filtered cells with PBS+ [3.4.2.-CU].

3.4.1. Few seconds LNs being smashed with plunger

3.4.2. LN tube being filled with PBS, next to spleen tube already filled with PBS

3.5. Then invert the tubes a few times [3.5.1.-MED] and spin down the cells [3.5.2.-MED-TXT].

3.5.1. Talent inverting at least one tube

3.5.2. Talent placing tube(s) into centrifuge (TEXT: 5 min, 475 x g, 4°C)

3.6. Resuspend the lymph node pellet in 2 ml of PBS [3.6.1.-CU]. Add 1 ml of ice-cold ACK solution per mouse to the spleen cell pellet [3.6.2.-CU].

3.6.1. Shot of pellet if visible, then pellet being resuspended, with PBS container label visible in frame if possible

3.6.2. Shot of pellet if visible, then ACK being added to spleen pellet, with ACK container label visible in frame if possible (TEXT: See text for all media/reagent preparation) 

3.7. After one minute, stop the red blood cell lysis with 10 ml of PBS+ [3.7.1.-CU], invert the tube [3.7.2.-CU], and spin down the cells again [3.7.3.-CU].

3.7.1. PBS+ being added to tube, with PBS+ container label visible in frame if possible

3.7.2. *Film as written

3.7.3. Tube(s) being placed into centrifgue

3.8. Then resuspend the spleen pellet in 10 more ml of PBS+ [3.8.1.-CU], add the lymph node cells [3.8.2.-CU], and spin down the pooled cell suspension [3.8.3.-CU].

3.8.1. Shot of pellet if visible, with PBS+ container label visible in frame if possible

3.8.2. LN being added to tube

3.8.3. Tube(s) being added to centrifuge bucket

3.9. This time, resuspend the pellet in 15 microliters of CD4 magnetic beads diluted in 85 microliters of PBS+ per mouse for 15-30 minutes at 4°C [3.9.1.-CU].

3.9.1. Shot of pellet if visible, then few seconds pellet being resuspended in beads, with bead container label visible in frame if possible

3.10. Then dilute the cells in 10 ml of PBS+ [3.10.1.-MED], filter the suspension through a nylon strainer into a new 15 ml tube [3.10.2.-MED], and spin down the cells again [3.10.3.-MED].

3.10.1. *Film as written

3.10.2. *Film as written Take 2 Best
3.10.3. *Film as written

3.11. Resuspend the pellet in 100 microliters of PBS+ per mouse [3.11.1.-CU] and positively select for the CD4+ cells by magnetic bead selection according to the manufacturer’s instructions [3.11.2.-CU].

3.11.1. Shot of pellet if visible, then few seconds pellet being resuspended, with PBS+ container label visible in frame if possible

3.11.2. Cells being dispensed onto column

3.12. After obtaining the CD4+ positive cell fraction [3.12.1.-CU], wash the cells in 10ml of PBS+ [3.12.2.-CU]. (alternate take recorded - Alex)

3.12.1. Column being plunged into tube labeled “CD4+” or similar

3.12.2. Shot of tube labeled “CD4+” or similar while PBS+ is added to tube, with PBS+ container label visible in frame if possible
4. Naïve CD4+ T cell sorting and in vitro differentiation

4.1. To sort out the CD4+ T cell fraction, next label the cells with the appropriate fluorescent antibodies for 15-30 minutes at 4°C in the dark [4.1.1.-WIDE-TXT].

4.1.1. Talent adding at least one antibody to cells, with antibody containers visible in frame if possible (TEXT: e.g. anti-CD62L, anti-CD44, anti-CD25, and anti-CD4) 

4.2. After washing, filter the labeled cells to remove any debris [4.2.1.-CU] and transfer them into a FACS tube on ice [4.2.2.-CU] and protect it from light [4.2.3.-CU].

4.2.1. *Film as written

4.2.2. *Film as written

4.2.3. Tubes being covered/protected from light

4.3. Sort the CD4+CD25-CD62L+CD44- population into complete RPMI medium [4.3.1.-LM]. When all of the cells have been collected, wash the naïve T cells in fresh complete medium [4.3.2.-CU].

4.3.1. Fig2.pdf: please highlight/outline the bottom right gate in the bottom left dot plot and/or the cells within the bottom right gate in the bottom left dot plot

4.3.2. RPMI being added to tube, with RPMI container label visible in frame if possible

4.4. Then resuspend the pellet in complete RPMI [4.4.1.-CU], count the naïve T cells [4.4.2.-CU], and adjust the concentration to 1 x 106 cells/ml [4.4.3.-MED].

4.4.1. Shot of pellet if visible, then few seconds being resupsended

4.4.2. Shot of Talent at microscope OR Few seconds hemacyotmeter being clicked OR other appropriate “cell counting” shot

4.4.3. Talent adding RPMI to cells, with container label visible in frame if possible
4.5. To induce in vitro T helper subset differentiation, next wash each well of cell culture plates previously coated with anti-CD3 and anti-CD28 in 1 ml of sterile FBS-free PBS [4.5.1.-MED] and plate the cells [4.5.2.-CU-TXT].

4.5.1. Few seconds Talent adding PBS to at least a few wells, with PBS container label visible in frame if possible

4.5.2. Cells being added to at least one well, with labeled tube of cells visible in frame if possible (TEXT:  48-well plates: 0.5 x 106 cells/well/0.5 ml RPMI;  24-well plates: 1 x 106 cells/well/1 ml RPMI)

4.6. Finally, supplement the culture media with the appropriate cytokines and blocking antibodies  as outlined in the Table [4.6.1.-LM] and incubate the cells at 37°C with 5% CO2 for 4-5 days [4.6.2.-MED].

4.6.1. Table 2.xlsx

4.6.2. Talent placing plate(s) in incubator
5. Results: Representative in vitro Th differentiation data

5.1. After 4-5 days in culture, intracellular cytokine staining of the CD4+ T cells from the in vitro differentiated Th1 [5.1.1.-LM], Th2 [5.1.2.-LM], inducible Treg (Pronounce: T-reg [like egg]) [5.1.3.-LM], and Th17 cultures can be performed to confirm that each T sell subset exhibits the expected cytokine profile [5.1.4.-LM].
5.1.1. Figure 3a alone.tif: please highlight 1st/left most dot plot

5.1.2. Figure 3a alone.tif: please highlight 2nd dot plot

5.1.3. Figure 3a alone.tif: please highlight 3rd

5.1.4. Figure 3a alone.tif: please highlight 4th/right most dot plot
5.2. Indeed, after 24 hour restimulation with anti-CD3, ELISA shows that the subsets exhibit the corresponding extracellular production of the intracellularly-expressed cytokine proteins as well [5.2.1.-LM].
5.2.1. Figure 3b alone.tif: please add/highlight/indicate Th1, Th2, iTreg, and Th17 data bars
5.3. Real time PCR for lineage-specific transcription factors further verifies the appropriate transcription factor profiles of the in vitro-differentiated CD4+ T cell subsets [5.3.1.-LM].
5.3.1. Figure 3c alone.tif: please add/highlight/indicate Th1, Th2, iTreg, and Th17 data bars
6. Conclusion (said by authors on camera)
6.1. Stephanie Flaherty: After watching this video, you should have a good understanding of how to isolate and process murine lymph node and spleen cells to obtain naive CD4+ T helper cells. Furthermore, you will also be able to differentiate these cells T cells into Th1, Th2, Th17, or iTreg cells in vitro.
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.  

JOVE graphics.pptx

Fig2.pdf
2.2.2 – Figure 1b alone
5.1.1 – Figure 3a alone
5.2.1 – Figure 3b alone
5.3.1 – Figure 3c alone
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


