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A. Microscopy: Does your protocol require JoVE to film through your microscope? N
B. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.5., 3.4., 3.5., 3.6., 3.8., 4.2.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.3. and 3.7.
E. Will the filming need to take place in multiple locations? Y, 200 m apart
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Elisa Oltra: This method can help answer key questions in the Immunology field about the mechanisms of autoimmunity, immunodeficiency, central tolerance and thymus involution [1-LM]. 
1.1.1. P1060200.MP4: 00:06-00:19 OR 00:47-01:00
1.2. Elisa Oltra: The main advantage of this technique is that it permits the in vivo longitudinal recording of progenitor recruitment and mature T cell egression within vascularized, engrafted, mouse thymus segments [1-LM].
1.2.1. P1060202.MP4: 01:08

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Elisa Oltra: Demonstrating the procedure will be Alejandro Caicedo, co-author of the work presented here and expert in the fine surgery of the mouse eye [1-LM].

1.3.1. P1060203.MP4: 00:05 OR 00:046
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Miami.
Protocol: (read by voice talent at JoVE)
2. Newborn Thymus Isolation 
2.1. To isolate the thymus, place the mouse on sterile absorbent paper towels in the dorsal upright position in a laminar flow hood [1-WIDE-TXT] and spray and wipe the mouse abdomen with 70% ethanol [2-CU].
2.1.1. Talent placing mouse onto paper towels (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: Decapitation) [Shots 2.1.1 and 2.1.2 combined]
2.1.2. Abdomen being sprayed (Videographer: only abdomen in shot)
2.2. Make a superficial V-shaped incision in the lower abdomen to expose the thoracic cavity [1-ECU] and use a pair of straight 10-cm dissecting scissors to make a 0.5-1-cm incision in the chest along the ventral midline [2-CU]. 
2.2.1. V-shaped incision being made

2.2.2. 0.5-1-cm incision being made

2.3. Fold the skin over each side of the chest to expose the thoracic cavity [1-ECU] and make two additional, deeper 0.5-1-cm lateral incisions through the diaphragm and ribcage to access the superior mediastinum in the anterior thoracic cavity [2-CU].
2.3.1. Skin being folded/shot of folded skin

2.3.2. At least one incision being made

2.4.  The thymus should appear as two pale lobes right above the heart [1-ECU].
2.4.1. Shot of thymus

2.5. Place curved forceps tips under the thymus [1-CU] and pull vertically to extract the complete organ, preventing the foldback of the ribcage with a pair of straight forceps [2-CU-TXT].
2.5.1. Forceps being placed

2.5.2. Thymus being harvested (TEXT: Tear connective tissue w/ fine forceps before thymus extraction as necessary)

2.6. Then submerge the isolated thymus in a sterile 60-mm dish containing cold, sterile PBS on ice [1-MED] and use a scalpel to cut the connective isthmus to separate the thymic lobes [2-CU].
2.6.1. Talent placing thymus into dish

2.6.2. Lobes being separated (Videographer Comment: Separated during harvest in 2.5.2) (Editor: The notes don’t make it clear if they wanted the VO changed for 2.5.2, if this VO should be omitted entirely, or if a shot of the already separated lobes was provided here for a visual. I’m leaving it as-is for now so that the authors can provide more clarity later)
3. Thymus Anterior Eye Chamber Implantation 
3.1. Before transplantation, tag and weigh each recipient mouse [1-WIDE] and place the first animal in a side lateral recumbent position with one eye directly exposed to the lens of a dissecting microscope [2-MED-TXT].
3.1.1. Talent placing mouse onto balance 
3.1.2. Talent arranging mouse under dissecting microscope (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: 1-2% isoflurane)
3.2. Using Vannas scissors, excise one of the isolated thymic lobes up to 1-mm in width following a zig-zag pattern to ensure that each segment contains some thymic cortex and medulla tissue [1-CU-TXT]. 
3.2.1. Lobe being trimmed (TEXT: Trim right before implant to optimize engraftment)

3.3. Alejandro Caicedo: “It is critical to trim the thymus right before the implantation, as a prolonged tissue exposure may hinder proper engraftment.” [1-MED-interview style]
3.3.1. Alejandro Caicedo, speaking the above interview style (looking just off-camera)
3.4. Next, starting at the base of the cornea of the surgical area, use the tip of a 40-mm, 18-gauge needle to make a small incision [1-LM] into external cornea layers so that the tip of a pair of dissecting scissors can be introduced [2-LM].
3.4.1. *To be provided by Authors: Small incision being made with needle [Shots 3.4.1 – 3.6.2 combined] (Editor: I’m not sure if a single shot is being submitted for 3.4 – 3.8, though that’s what the authors seem to suggest in their notes)
3.4.2. *To be provided by Authors: Scissors tip being introduced 
3.5. Use the scissors to make a 5-10-mm flank incision directly around the base of the cornea while using flat-ended forceps to firmly hold the cornea open to prevent resealing [1-LM]. 
3.5.1. *To be provided by Authors: Incision being made (Videographer Comment: Done in 3.4.2) (Editor: Since the author say they wanted all these shots combined, I’m leaving this as is)
3.6. Grasping the cut corneal epithelium with the flat-ended forceps [1-LM], maintain the opening in the cornea while inserting a thymic segment through the opening [2-LM].
3.6.1. *To be provided by Authors: Epithelium being grasped

3.6.2. *To be provided by Authors: Segment being inserted
3.7. Alejandro Caicedo: “It is important to insert the thymus fragment quickly through the cornea opening to prevent a spontaneous resealing before the tissue is introduced. Extreme care should also be taken to preserve tissue integrity at this step.” [1-MED-interview style]
3.7.1. Alejandro Caicedo, speaking the above interview style (looking just off-camera)

3.8. Press softly on the eye surface to slide the introduced tissue segment to a lateral position with respect to the pupil to preserve the function of the eye [1-LM-TXT] and use flat forceps to press both sides of the corneal opening firmly against each other for 3-5 seconds to promote self-sealing [2-LM].

3.8.1. *To be provided by Authors: Segment position being adjusted (TEXT: Ensure graft lies opposite eye opening to prevent posterior imaging interference) [Shots 3.8.1 and 3.8.2 combined] (Editor: Same note from 3.4, I think the authors plan on submitting a single video for 3.4 – 3.8)
3.8.2. *To be provided by Authors: Opening being closed
3.9. If the transplant is to be performed on both eyes, turn the mouse onto the opposite lateral side for a second implantation as just demonstrated [1-MED].
3.9.1. Talent turning mouse onto other side (Videographer: More Talent than mouse in shot) 

3.10. When the surgery is complete, return the mouse to an empty cage prewarmed with a heat lamp with monitoring until full recumbency [1-MED-over the shoulder-TXT].
3.10.1. Talent placing mouse into cage (Videographer: More Talent than mouse in shot) (TEXT: See text for full post-operative care details/Repeat implantation for each mouse)

4. 3D Single Photon Fluorescence Implanted Thymus Confocal Imaging
4.1. At the appropriate experimental time point, place an anesthetized recipient mouse on a fixed stage microscope platform in a side lateral recumbent position on a heat pad with one eye facing up [1-WIDE] and insert the head of the mouse into a stereotaxic head holder [2-MED].

4.1.1. Talent placing mouse onto stage (Videographer: More Talent than mouse in shot)

4.1.2. Talent inserting head into holder (Videographer: More Talent than mouse in shot)

4.2. Adjust the knob to restrain the mouse head in the lateral side position to allow direct access of the microscope objective to the eye holding the thymus graft [1-CU] and pull back the eyelids while holding the eye at the corneal margin with a pair of tweezer tips covered by a polythene tube attached to a UST-2 solid universal joint [2-ECU].
4.2.1. Knob being adjusted

4.2.2. Eyelids being opened 

4.3. Add a few drops of sterile saline or artificial tears between the cornea and the lens before placing the 5X microscope objective on the mouse eye [1-CU] and locate the thymus in the microscope field [2-MED].
4.3.1. Saline being added

4.3.2. Talent focusing on thymus

4.4. Then switch to a higher resolution water immersion dipping objective with a long working distance [1-CU] and select the acquisition mode in the microscope software [2-MED-over the shoulder].

4.4.1. Objective being selected

4.4.2. Talent selecting acquisition mode, with monitor visible in frame

4.5. Start the resonant scanner mode and select the XYZT imaging mode [1-SCREEN].

4.5.1. *To be provided by Authors: Resonant scanner mode being started, XYZT being selected

4.6. Turn the Argon laser on and adjust the power to 30% for fluorescence excitation [1-SCREEN].
4.6.1. *To be provided by Authors: Laser being turned on and power being set to 30%

4.7. Select an appropriate excitation laser line and set the acousto-optical beam splitter control for the appropriate emission wavelengths, using reflection detection simultaneously to detect backscatter and to delineate tissue structure [1-SCREEN].

4.7.1. *To be provided by Authors: Laser being selected, ABOS being set, reflection detection being set 
4.8. Collect the emission at the selected wavelength and set a 512 × 512 pixel resolution [1-SCREEN].

4.8.1. *To be provided by Authors: Emission being collected, then resolution being set

4.9. Then click “Live” to start the imaging, adjusting the gain levels as necessary [1-SCREEN].
4.9.1. *To be provided by Authors: Start being clicked, gain being adjusted

4.10. Focus on the top of the thymic implant and select “Begin” to define the beginning of the z-stack. Then focus on the last plane in the implanted thymus that can be visualized and select “End” to define the end of the z-stack, using a z-step size of 5 micrometers [1-SCREEN-TXT].
4.10.1.  *To be provided by Authors: Top of thymus being focused on and Begin being selected, then last plane of thymus being focused on and End being selected, then 5-micrometer z-step being set (TEXT: Software will automatically calculate number of confocal planes)

4.11. Set the time interval for the acquisition of each z-stack for 1.5-2 seconds and select the “Acquire until stopped” option for continuous imaging [1-SCREEN].
4.11.1.  *To be provided by Authors: Time interval being set, then Acquire until stopped option being selected

4.12. Then click “Start” to initialize the recording [1-SCREEN-TXT].

4.12.1.  *To be provided by Authors: Start being clicked/imaging starting (TEXT: Repeat imaging at different experimental time points)
5. Results: Representative In Vivo Thymus Implant Imaging 
5.1. Here brightfield [1-LM] and fluorescence images of the same area [2-LM] of the thymus implant that may serve for a double-macroscopic follow up of tissue growth and involution in continuation studies are shown [3-LM].
5.1.1. Figure 1_panels C-D.psd: Video Editor: please emphasize brightfield image (original Figure 1C)

5.1.2. Figure 1_panels C-D.psd: Video Editor: please emphasize fluorescence image (original Figure 1D)
5.2. The brightfield image also facilitates visualization of the vascularization of the implanted tissue, allowing the unique study of the dependence of thymus physiology on blood supply over time [1-LM].
5.2.1. Figure 1_panels C-D.psd: please emphasize vascularization within thymus in brightfield image 

5.3. This model allows the visualization of cell transmigration from the blood torrent into the implanted thymus [1-LM], the tracking of the contacts between GFP+ progenitor cells entering the thymic implant [2-LM] with RFP-labeled resident thymic epithelial and stromal cells during differentiation and selection processes [3-LM], as well as the monitoring of the egress of immune cells from the thymus into peripheral blood vessels [4-LM].
5.3.1. Video 2.avi: no animation

5.3.2. Video 3.avi: no animation

5.3.3. Video 4.avi: no animation 

5.3.4. Video 5.avi: no animation
6. Conclusion (said by authors on camera):
6.1. Elisa Oltra: While attempting this procedure, it’s important to remember to minimize tissue exposure for optimal engraftment and also to limit incision sizein the eye to permit unharmed fragment insertion through the cornea while reducing fibrosis during healing [1-LM].
6.1.1. P1060206.MP4: 01:00 or 00:17
6.2. Elisa Oltra: Following this procedure, other methods, like localized controlled treatments and insertion of other tissues into the contralateral eye, can be performed so as to answer additional questions about immune dysfunctions related/linked to infections, involution determinants, and transplantation tolerance mechanisms [1-LM].
6.2.1. P1060207.MP4: (related) OR P1060208.MP4: (linked) (Video Editor: Either version of statement is fine per your dissection)
6.3. Elisa Oltra: After its development, this technique paved the way for researchers in the field of Immunology to explore T cell development, including progenitor recruitment, thymocyte dynamics, and mature T cell egression steps in vivo [1-LM].
6.3.1. P1060210.MP4: 00:00
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Figure 1_panels C-D.psd

Video2.avi

Video3.avi

Video4.avi

Video5.avi
P1060200.MP4

P1060202.MP4

P1060203.MP4

P1060206.MP4

P1060207.MP4/P1060209.MP4

P1060209.MP4
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 in the email accompanying the finalized script.
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