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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____NO_____ If yes, please list make and model of your microscope: 
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______steps 2-6____________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of the following experiment is to examine thymocyte development in mice by flow cytometry. (Intro) This is achieved by preparing single cell suspensions from the mouse thymus and spleen. (C1) As a second step, the thymocytes and splenocytes are stained with a cocktail of antibodies for the identification of specific thymocyte populations. (C2) Ultimately, the frequency and number of various thymocyte populations can be evaluated by flow cytometric analysis. (C3)
C1: 1) Check with Adria, a graphic for the mouse thymus and spleen may have been made, or 2) make your own graphic using a mouse outline from menagerie and adding a thymus and spleen (here’s a link showing their location in a mouse: http://ctrgenpath.net/static/atlas/mousehistology/Windows/lymphatic/lymphdiagram.html), or 3) use shot 3.1.2. The organs come out of the mouse and disappear into two test tubes
C2: A pipette adds fluid to the test tubes or use shot 4.3.1.

C3: Figure_3C_final.tif AND Figure_3D_final.tif
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Nancy Hu: This method can help answer key questions in T cell development, such as which genes and pathways are important for generating a functional, yet self-tolerant T cell repertoire?  

1.2. Alex Suen: Though this method can provide insight into T cell development in the thymus, it also can be applied to the examination of the development of other immune cells.

1.3. Stephanie Nicol: Generally, individuals new to this method will struggle in the design of their antibody cocktails for flow cytometry.
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Dissection

2.1. Before starting the dissection, place a sterile steel mesh screen into a 60 x 15 mm Petri dish. Then add 5 mL of HBSS to the dish and store the dish on ice.
2.1.1. WIDE: Talent places screen into petri dish (TEXT: One screen per tissue sample)
2.1.2. MED: Talent adds HBSS to dish then places dish on ice (Videographer: May split step into two shots if necessary)
2.2. To harvest the thymus, first use a pair of forceps to lift the bottom tip of the sternum and reveal the diaphragm. Next, avoiding the liver, cut the diaphragm to detach the rib cage, and then cut the rib cage in an upwards direction on each side, taking care to avoid the lungs and heart.
2.2.1. CU (only top abdomen of mouse in thymus dissection shots): Shot of forceps lifting bottom tip of sternum and making incision to reveal the diaphragm.
2.2.2. CU: Shot of diaphragm being cut for a few seconds (Video Editor: If possible, please indicate liver with arrow and “liver” text)

2.2.3. CU: Shot of rib cage being cut upwards on both sides (Video Editor: If possible, please indicate the lungs and heart with an arrow and the appropriate text when mentioned; only need one side of rib cage being cut – just enough action to go with narrative)
2.3. Now use the forceps to gently pull the ribcage back. The thymus is a white, bi-lobed organ located above the heart. Use the flat edge of the forceps to grasp the bottom of the lobes. Then gently pull the thymus out and place it onto one of the previously prepared mesh screens.
2.3.1. CU: Shot of ribcage being pulled back with forceps
2.3.2. ECU: Shot of thymus (Video Editor: if possible, please indicate the thymus and heart with arrows and the appropriate text when mentioned)
2.3.3. CU: Shot of forceps grasping bottom of lobes, then forceps gently pulling thymus out
2.3.4. MED: Talent places thymus onto mesh screen
2.4. To harvest the spleen, make an incision through the peritoneum to expose the abdominal cavity. The spleen is a red, surfboard-shaped organ located on the left side of the mouse’s abdominal cavity below the liver.
2.4.1. CU (only mid/lower abdomen for spleen dissection shots): Shot of incision being made through peritoneum, shot of exposed abdominal cavity

2.4.2. ECU: Shot of spleen (Video Editor: If possible, please indicate spleen and liver with arrows and appropriate text when mentioned)
2.5. Then use one pair of forceps to pull out the spleen and another to tease away the connective tissue. Then place the dissected spleen on a separate mesh screen.
2.5.1. CU: Few seconds of one pair of forceps pulling up spleen, while other forceps tease away connective tissue
2.5.2. MED: Talent places spleen on mesh screen
3. Cell preparation
3.1. Now use the plunger from a 3 mL syringe to grind each organ into its mesh screen until only connective tissue and fat remain. Pipette the cells and HBSS into a 15 ml conical tube. Then rinse each mesh with fresh HBSS three times. 
3.1.1. WIDE: Talent removes plunger from 3 ml syringe

3.1.2. CU: Shot of plunger grinding one tissue for few seconds (TEXT: Change plungers between tissues) 
3.1.2.a.  Pipette cells and HBSS into 15 ml conical tube
3.1.3. ECU: Shot of tissue and fat 
3.1.4. MED: Talent pouring HBSS into dish (TEXT: HBSS x3)

3.2. Next pellet the cells for 5 minutes at 335 x g and 4(C. After aspirating the supernatant, resuspend the splenocytes in 500 (L of ACK lysis buffer for 10 minutes at room temperature. While the splenic red blood cells are being lysed, resuspend the thymocytes at 20 x 106 cells/mL in FACS buffer and set them aside on ice.
3.2.1. MED: Talent places tube(s) into centrifuge (TEXT: 5 min, 335 x g, 4°C) 

3.2.2. CU: Shot of one tube with red pellet,
3.2.2.a.  Aspirate the supernatant, then add lysis buffer to the pellet (TEXT: ACK, 10 min, RT)

3.2.2.b. Timer shot

3.2.3. MED: Talent adds buffer to thymocytes and places cells on ice (Videographer: Split step into two shots if necessary)
3.3. Now add 5 ml of HBSS to return the splenocytes to isotonicity. After spinning down the cells again, resuspend the RBC-free pellet at 20 x 106 cells/mL in FACS buffer. 
3.3.1. MED: Talent adds HBSS to splenocytes

3.3.2. CU: Shot of yellow/white pellet if visible (TEXT: 5 min, 335 x g, 4°C), then buffer being added to pellet

3.3.2.a. Buffer being added to pellet.
4. Staining cells for flow cytometry
4.1. Begin this step by aliquoting 4 x 106 of the reserved thymocytes per flow cytometry sample to each well of a 96-well plate. Next, add splenocytes to the wells of a 90-well plate for compensation controls. Then block the Fc receptors in each of the cell samples by incubation with anti-CD16/32  for 10 minutes on ice.
4.1.1. WIDE: Talent adds thymocytes to 1-2 wells/rows of 96 well plate (TEXT: 1 x 106 WT splenocytes per compensation control)

4.1.1.a. Talent adds splenocytes to wells of 90 well plate for compensation controls

4.1.2. MED – over the shoulder: Talent adding anti-CD16/32 to a few wells/rows (TEXT: Fc block, 10 min, 4°C)
4.2. Now spin down the plate and then dispel the liquid from the wells by flicking the plate once, face down into a sink. Then resuspend each well in 200 (L of FACS buffer and repeat the wash.
4.2.1. MED: Talent placing plate into centrifuge (TEXT: 5 min, 335 x g, 4°C)
4.2.2. MED: Talent flicks plate once over sink

4.2.3. MED – over the shoulder: Talent adds buffer to 1-2 wells/rows (TEXT: 5 min, 335 x g, 4°C)


4.3. Next incubate the experimental samples with 200 (L of antibody cocktail or single fluorochrome-conjugated antibodies for the compensation controls, all in FACS buffer on ice in the dark.

4.3.1. CU: Shot of antibody cocktail being added to several wells/rows (Videographer: Need ~15 s of action) (TEXT: Leave one compensation control unstained) 
4.4. After 30 minutes, wash the cells twice with FACS buffer, and then after resuspending the cells in FACS buffer, transfer the samples to FACS tubes.
4.4.1. CU: Plate being placed in centrifuge (TEXT: 5 min, 335 x g, 4°C, x2) 

4.4.1.a. [Cut away for TEXT]

4.4.2. MED: Talent transferring 1-2 samples from plate to FACS tube(s)
5. Results: Thymic positive and negative selection by flow cytometry 

5.1. In physiological TCR transgenic models and wild type mice, positive selection begins at the double positive bright stage before moving into the double positive dull stage after antigen encounter. 
5.1.1. LAB MEDIA: Figure_2A_final.tif (Video Editor: with “positive selection begins at the double positive bright stage” please highlight/animate the top/middle 5-sided region in the 3rd density plot in the top row; then with “double positive dull stage” please highlight/animate the bottom/middle 4-sided region in the 3rd density plot in the top row) 
5.2. The double positive dull thymocytes then enter a transitional CD4+CD8lo stage before becoming CD4 single positive or CD8 single positive thymocytes.
5.2.1. LAB MEDIA: Figure_2B_final.tif (Video Editor: with “transitional CD4+CD8lo stage” please highlight the 4 sided triangular “1.6” region; with “becoming CD4 single positive” please highlight the top left horizontal rectangle region [6.7] and with “CD8 single positive thymocytes” please highlight the right vertical rectangle [7.4]) ) 
5.3. Mature single positive thymocytes are characterized by their high TCR expression and loss of CD24. 
5.3.1. LAB MEDIA: Figure_2C_final.tif (Video Editor: please highlight the bottom right density plot and/or quadrant)

5.4. While the CD8 by CD4 profile can reveal defects in positive selection, examining TCR( by CD69 or CD5 can provide further insight into where the defect lies. Both CD69 and CD5 are upregulated after TCR stimulation, with stronger interactions driving higher expression of these markers. 
5.4.1. LAB MEDIA: Figure_2D_final.tif (Video Editor: with “TCR(” please highlight the “TCR(” text on the x-axis of the left most histogram; with “by CD69” please highlight the “CD69” text on the y-axis of the left most histogram)

5.5. In this TCR( by CD69 plot, in a wild type mouse, the TCR(loCD69- gate represents a population of pre-selection double positive thymocytes.

5.5.1. LAB MEDIA: Figure_2DA_final.tif (Video Editor: with “gate represents … thymocytes.” please highlight the top/middle 5 sided [91.6] region)

5.6. Whereas this TCR(intCD69+ (Pronounce: “T-C-R-beta-intermediate”) gate represents a transitional population directly after TCR engagement and consists of double positive bright with some double positive dull and CD4+CD8lo cells.

5.6.1. LAB MEDIA: Figure_2DB_final.tif (Video Editor: with “double positive bright” please highlight the top middle 5 sided region [31.4]; with “some double positive dull” please highlight the bottom middle 4 sided region; with “CD4+CD8lo cells” please highlight the top left 4 sided triangular region [9.0])

5.7. Here the TCR(hiCD69+ gate illustrates the population of cells directly post-positive selection which consist of double positive dull, CD4+CD8lo, and CD4 single positive cells.

5.7.1. LAB MEDIA: Figure_2DC_final.tif (Video Editor: with “double positive dull”, please highlight the bottom/middle 4 sided rectangular region; with “CD4+CD8lo”, please highlight top left 4 sided triangular [8.0] region; with “CD4 single positive cells”, please highlight leftmost long rectangular [66.1] region)
5.8. Finally, this TCR(hiCD69- gate shows a more mature population of cells that primarily consists of CD4 and CD8 single positive cells.

5.8.1. LAB MEDIA: Figure_2DD_final.tif (Video Editor: with “CD4” please highlight the top left [57.3] long horizontal rectangle region; with “CD8 single positive cells” please highlight the bottom right vertical “rectangle” region [26.2])
5.9. The absence of the TCR(intCD69+ and TCR(hiCD69+ populations may be indicative of impaired positive selection. Changes in the ratio of the CD4 single positive to CD8 single positive cells within the TCR(hiCD69- population may suggest alterations in lineage commitment. The loss of the TCR(hiCD69+ and TCR(hiCD69- populations may reflect survival issues following positive selection. 
5.9.1. LAB MEDIA: Figure_2D_left_plot_final.tif (Video Editor: with “TCR(intCD69+“ please highlight 7.7. region [middle triangular] ; with “TCR(hiCD69+” please highlight top right square 5.0 region; with “Changes in the ratio of the CD4 single positive … within the TCR(hiCD69- population” please highlight bottom right vertical rectangle; with “lost of TCR(hiCD69+” please highlight top right square 5.0 region; with “and TCR(hiCD69- populations ” please highlight the bottom right vertical rectangle [3.9] region)
5.10. Examining TCR( by CD5 is another strategy to identify pre- and post-positive selection populations.
5.10.1. LAB MEDIA: Figure_2E_final.tif (Video Editor: with “TCR(” please highlight the “TCR(” text on the x-axis of the left most histogram; with “by CD5” please highlight the “CD5” text on the y-axis of the left most histogram)

5.11. These first two populations consist primarily of double positive bright thymocytes. The TCR(loCD5lo population represents pre-selection double positive thymocytes,

5.11.1. LAB MEDIA: Figure_2Ei_final.tif (Video Editor: with “The TCR(loCD5lo population represents pre-selection double positive thymocytes” please highlight top/middle 5 sided region [92.4])
5.12.  and the TCR(intCD5int population is made up of the cells that initiate positive selection. Impaired generation of this or the previous population suggests defective positive selection.

5.12.1. LAB MEDIA: Figure_2Eii_final.tif (Video Editor: with “the TCR(intCD5int population … positive selection” please highlight top/middle 5 sided region [88.2])
5.13. The TCR(intCD5hi population, however, represents thymocytes in the process of undergoing positive selection and consists primarily of double positivedull and CD4+CD8lo thymocytes.

5.13.1. LAB MEDIA: Figure_2Eiii_final.tif (Video Editor: with “consists primarily of double positivedull” please highlight the bottom middle 4 sided region; with  “CD4+CD8lo thymocytes” please highlight the left 4 sided triangular region [9.8])
5.14. The TCR(hiCD5hi population consists primarily of post-positive selection single positive thymocytes. Changes in the ratio of CD4 single positive to CD8 single positive cells within this population despite normal preceding populations may suggest alterations in lineage commitment. Further an absence of this population may indicate a decreased survival of thymocytes following positive selection.

5.14.1.  LAB MEDIA: Figure_2Eiv_final.tif (Video Editor: with “CD4 single positive” highlight top left horizontal rectangle [61.2]; with “CD8 single positive cells” please highlight right vertical rectangle [17.9])
5.15. As negative selection involves the deletion of small antigen-specific populations, defects in this process are best observed using TCR transgenic mice. In HYcd4 mice, thymocytes expressing the transgenic HY TCR can be detected with the monoclonal antibody T3.70.

5.15.1. LAB MEDIA: Figure_3B_final.tif (Video Editor: with “HYCD4 mice” please highlight the “HYCD4F” and “HYCD4M” texts;  with “monoclonal antibody T3.70” please highlight T3.70 text and bottom arrow)

5.16. The HY TCR recognizes the male-specific HY antigen presented within MHC class I Db. Thus, HYcd4 male mice undergo negative selection of HY TCR+ thymocytes, as indicated by a reduction in T3.70+ double thymocyte numbers
5.16.1. LAB MEDIA: Figure_3D_final.tif (Video Editor: with “The HY TCR … MHC class I Db” please highlight the “HYCD4M” text on the x-axis; with “HYcd4 male mice … thymocytes” please highlight the HYCD4M data cluster; with “as indicated … numbers” please highlight/animate the line going from the HYCD4F data cluster to the HYCD4M data cluster to highlight that the overall cell numbers are reduced)
5.17. and a more dramatic decrease in T3.70+ CD8 single positive thymocyte numbers. In contrast, HYcd4 female mice undergo positive selection to generate T3.70+ CD8 single positive T cells. 
5.18. LAB MEDIA: Figure_3CF_final.tif (Video Editor: with “a more dramatic decrease in … thymocyte numbers” please highlight right vertical rectangle [1.4] region of top right density plot and bottom right quadrant of bottom right density plot; with “HYcd4 female mice … T3.70+ CD8 single positive T cells” please highlight right vertical rectangle [4.9] region of top middle density plot and bottom right quadrant of bottom right density plot [42.1)

5.19. While a reduction in double positive thymocyte numbers is indicative of negative selection, the absence of antigen-specific single positive thymocytes is the most accurate measure. Further examination of the few T3.70+ CD8 single positive thymocytes in HYcd4 M mice reveals that most are CD24hi immature cells, while most T3.70+ CD8 single positive thymocytes in the HYcd4 F have reached maturity and are CD24lo, providing further support that negative selection occurs in HYcd4 male mice.

5.19.1. LAB MEDIA: Figure_3CF_final.tif (Video Editor: “most are CD24hi immature cells” highlight the top left quadrant and “46.2” text of the bottom right density plot; with “most T3.70+ CD8 single positive thymocytes … are CD24lo” please highlight the bottom right quadrant and “42.1” text of the bottom middle density plot) 
5.20. One caveat of the TCR transgenic models is that it is difficult to further characterize positive selection by identifying populations based on TCR and CD69 or CD5 expression. HYcd4 female mice have a large population of T3.70+ double positive thymocytes that undergo positive selection, as indicated by an increase in the CD69+ population compared to wild type. Negative selection involves a higher affinity TCR stimulus than positive selection; this is indicated by higher expression of CD69 on T3.70+ double positive thymocytes in HYcd4 male mice, resulting in a shift of the histogram peak to the right. 
5.20.1. LAB MEDIA: Figure_4A_final.tif (Video Editor: with “HYcd4 female mice … CD69+ population” please highlight the dotted histogram; with  “compared to wild type” please highlight the grey histogram; with “resulting in a shift of the histogram peak to the right” please highlight the solid black histogram) 
5.21. Similar trends are seen with CD5 expression. When analyzing thymic selection in genetically manipulated mice, examining CD69 or CD5 expression can determine whether the defect lies with TCR signalling or a downstream outcome of TCR stimulation.

5.21.1. LAB MEDIA: Figure_4B_final.tif 
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 
6. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
6.1. Alex Suen: Once mastered, this technique can be done in two and a half hours for cell preparation and staining, and another hour for data collection on the flow cytometer if it is performed properly. Each additional mouse will add thirty minutes. 

6.2. Stephanie Nicol: While attempting this procedure, it is important to remember to handle the thymocytes gently and to ensure that you have planned the staining strategy beforehand.

6.3. Nancy Hu: Following this procedure, other functional assays, such as killing assays or cytokine production assays, can be performed in order to answer additional questions, like whether the exported thymocytes function properly.

6.4. Troy Baldwin: After watching this video, you should have a good understanding of how to examine thymocyte development by flow cytometry.

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, 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.
5.1 – Figure_2A_final.tif
5.2 – Figure_2B_final.tif
5.3 – Figure_2C_final.tif
5.4 – Baldwin_Figure_2D_left_plot_final.tif

5.5 – Baldwin_Figure_2DA_final.tif

5.6 – Baldwin_Figure_2DB_final.tif

5.7 – Baldwin_Figure_2DC_final.tif

5.8 – Baldwin_Figure_2DD_final.tif

5.9 – Figure_2D_Final.tif

5.10 – Figure_2E_Final.tif

5.11 – Baldwin_Figure_2Ei_final.tif

5.12 – Baldwin_Figure_2Eii_final.tif

5.13 – Baldwin_Figure_2Eiii_final.tif

5.14 – Baldwin_Figure_2Eiv_final.tif

5.15 – Figure_3B_Final.tif

5.16 – Figure_3D_Final.tif

5.17 – Baldwin_Figure_3CF_final.tif

5.18 – Figure_3F_Final.tif

5.19 – Figure_4A_Final.tif

5.20 – Figure_4B_Final.tif

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.
( 2011, Journal of Visualized Experiments


