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A.  Will you require JoVE to record video microscopy? 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 your protocol will viewers benefit most from having filmed? 
2.3., 2.6., 3.2., 3.11., 4.3., 4.4.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.6: The lung inflation needs to be performed carefully so the agarose doesn’t leak out. When inserting the needle it’s important to keep it parallel to the trachea and inject slowly without moving the syringe. 
4.3: It’s also important that the lung slice is as flat as possible before imaging. To do this all liquid needs to be aspirated carefully off the slice and it needs to be laying completely flat on the glass bottom dish.
E.  Will the filming need to take place in multiple locations? Y, different rooms same building. The microscope is located in a shared core microscopy facility (may be other people working on different microscopes at that time)

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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this method is to use precision cut lung slices, or PCLS (Pronounce: P-C-L-S), to visualize the localization and trafficking of various immune cell types in the lung. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. [bookmark: _GoBack]Miranda Lyons-Cohen: This method can help answer key questions in the Immunology field, such as the localization and migration patterns of immune cells in the lung? 
1.2. Hideki Nakano: The main advantage of this technique is that cellular interactions can be visualized in a live ex vivo tissue that maintains the 3-dimensional architecture of the lung. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Donald Cook: Though this method can provide insight into the localization and trafficking of immune cells during inflammation, it can also be used to visualize airway and smooth muscle tissue contraction.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

E.  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 National Institute of Environmental Health Sciences. 
Protocol (read by voice talent at JoVE):
2. Lung Harvest and Preparation
2.1. To harvest the lung tissue, first use scissors to open the skin and peritoneum from the middle of the abdomen up to the jaw of a 6-12 week old mouse [1-WIDE-TXT] and move the intestines to the side of the abdominal cavity [2-CU].

2.1.1. Few seconds Talent making incision (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: sodium pentobarbital 100 mg/kg i.p.)
2.1.2. Few seconds intestines being moved to the side

2.2. Snip the inferior vena cava to drain the blood away from the lungs [1-CU] and use the sharp tip of the scissors to puncture the diaphragm to allow expansion of the rib cage [2-CU-TXT].

2.2.1. Few seconds IVC being cut
2.2.2. Few seconds diaphragm being punctured (TEXT: Caution: Do not cut lungs)

2.3. Next, use forceps to manually pull the salivary glands and other tissues away from the trachea [1-CU] and use fine forceps to make an incision in the trachea on the anterior side of the thickest band of cartilage just large enough to allow a 20 gauge needle to penetrate [2-CU-TXT].

2.3.1. Few seconds tissue being pulled away from trachea
2.3.2. Few seconds cartilage being cut (TEXT: Caution: Do not cut all the way though trachea)

2.4. Now slide a 1.5 inch, 20 gauge needle onto a section of polyethylene tubing [1-CU-TXT] and cut the tubing at an approximately 45° angle [2-CU].

2.4.1. Few seconds needle being slid onto tubing (TEXT: Leave approximately 1 cm tubing beyond needle tip)
2.4.2. Few seconds tubing being cut

2.5. Attach the needle to a 1 mL syringe [1-CU] and draw 0.8 mL of 40 °C, 2% low melting point agarose into the syringe [2-CU].

2.5.1. Few seconds needle being attached to syringe
2.5.2. Few seconds agarose being drawn into syringe

2.6. When all of the agarose has been loaded, insert the beveled end of the tubing into the incision [1-CU] and slowly inject the agarose into the lungs [2-CU-TXT].

2.6.1. Few seconds tubing being inserted into incision
2.6.2. Few seconds agarose being injected (TEXT: If only one lobe expands, needle has been inserted too deeply)

2.7. Without moving the needle or the syringe, tape the syringe to the polystyrene base to secure the needle within the trachea [1-CU] and place the animal in 4 °C storage for at least 10 minutes [2-MED].

2.7.1. Few seconds syringe being taped
2.7.2. Talent placing animal at 4 °C (Videographer: More Talent than mouse in shot)

2.8. Once the agarose has solidified, use scissors to carefully excise the lungs [1-CU] and place them in a 3 cm dish containing ice cold PBS on ice [2-MED]. 

2.8.1. Few seconds lungs being excised
2.8.2. Talent placing lung into dish

2.9. Then turn the lobe for tissue slicing so that the interior section of the lung that connects to the trachea faces down [1-CU].

2.9.1. Lobe being placed face down 

3. Lung Slicing

3.1. To slice the lung tissue, first place a small drop of all-purpose, no-run gel superglue onto a metal syringe plunger, spreading the glue in a circular motion [1-WIDE-TXT].
3.1.1. 10-12 seconds Talent applying glue to plunger (TEXT: Caution: Do not let glue touch sides of syringe)

3.2. When all of the glue has been applied, use forceps to immediately but gently grasp the excised lobe, trachea side down [1-CU], and dab the lobe on a tissue to remove the excess liquid [2-CU].

3.2.1. Lobe being grabbed (Videographer: Combine 3.2.1. and 3.2.2. as appropriate)
3.2.2. Few seconds lobe being dabbed (Videographer: Combine 3.2.1. and 3.2.2. as appropriate)

3.3. Carefully place the dried lobe on top of the plunger [1-CU] and trim any extra tissue extending beyond the edge of the plunger [2-ECU]. 

3.3.1. Few seconds lobe being placed onto plunger
3.3.2. Few seconds lobe being trimmed (Author Comment: for this particular lung it was not necessary to trim any tissue. I did “tuck” the edges of the tissue in with forceps after step 3.4.1, which I believe was recorded) – Editor, please use that to cover if possible, or extend 3.3.1 to cover VO.

3.4. Move the plunger down so that the sides of the metal syringe move up and over the tissue [1-CU], creating a well with the lung at the bottom of the syringe shaft that is no more than several centimeters deep [2-CU].

3.4.1. Side shot of tissue moving down into tube
3.4.2. Above shot showing well

3.5. Tape around the bottom of the syringe to hold the plunger in place [1-CU].

3.5.1. Few seconds syringe/plunger being taped

3.6. Then carefully pour 40 °C, 2% low melt agarose into the syringe so that it just covers the top of the lobe [1-CU] and surround the metal syringe with an ice old chilling block [2-CU].

3.6.1. Few seconds agarose being poured into syringe
3.6.2. Syringe being placed into/surrounded by chilling block

3.7. After 1-2 minutes, load the specimen syringe into the automated slicer [1-MED-TXT], and align the fresh blade [3.10.1-CU]. Next, fill the buffer tank with ice cold PBS [2-MED].

3.7.1. Few seconds Talent loading syringe into slicer (TEXT: <1 min = agarose disintegration during slicing/unevenly cut PCLS)
3.10.1 Few second blade being aligned Moved from below
3.7.2. Few seconds Talent filling tank with PBS  

3.8. Align the step motor drive with the specimen syringe [1-CU] and remove the tape [2-CU].

3.8.1. Few seconds motor drive being aligned
3.8.2. Few seconds tape being removed 

3.9. Turn the switch to the fast forward position until the step motor drive just touches the back of the plunger [1-CU]. 

3.9.1. Few seconds motor drive being moved forward

3.10.  [1-CU] Set the tissue thickness, continuous-single slice, oscillation, and speed settings on the slicer [2-MED-TXT]

3.10.1. Few seconds blade being aligned moved above to 3.7
3.10.2. Few seconds Talent setting parameters (TEXT: See text for full slicing parameter details) 

3.11. Then press start [1-MED] and use a thin spatula to collect each PCLS as it falls into the buffer tank [2-CU], placing the slices into individual wells of a 24 well plate containing ice cold PBS [3-CU-TXT].

3.11.1. Talent pressing start
3.11.2. Few seconds one PCLS being caught
3.11.3. Slice being placed into well (TEXT: Transfer in order of acquisition)

4. Static PLCS Imaging 

4.1. For static PCLS imaging, transfer the lung samples that contain the anatomical area of interest into individual 3 cm dishes containing 1 mL of the appropriate antibody cocktail of interest [1-WIDE-TXT].

4.1.1. Talent placing sample into dish (TEXT: See text for Ab suggestions/cocktail preparation details).

4.2. After 30-60 minutes on ice with rocking and protected from light [1-CU], rinse the slices two times with 1 mL of ice cold PBS [2-MED].

4.2.1. Few seconds dish(es) being rocked {Author Comment: moved onto record steps 5.1 through 5.5.1 now, then came back to record 4.2.2} Editor, probably doesn’t matter as they don’t want the VO order to change.
4.2.2. Few seconds Talent rinsing at least one slice, with PBS container visible in frame

4.3. Next, add 50 microilters of PBS into one, new 3 cm, round glass-bottom dish per sample [1-CU] and quickly transfer the slices into each drop, gently manipulating the tissues pieces so they are spread flat [2-CU-TXT].

4.3.1. Few seconds at least one drop being placed
4.3.2. Few seconds slice being placed/flattened (TEXT: Slice should be flat as possible)

4.4. Then aspirate the PBS with a pipette [1-CU] and place a drop of room temperature mounting medium onto the slide [2-CU] followed by a glass coverslip [3-CU].

4.4.1. Few seconds PBS being aspirated from one slide
4.4.2. Few seconds mounting medium being placed
4.4.3. Few seconds coverslip being placed 

4.5. To image the tissue, place the dish onto a confocal microscope stage under a 20x objective [1-MED] and use the “tile” tool to locate and mark the edges of the tissue in the “convex hull” setting to reduce the time of the tile scan [2-MED-over the shoulder].

4.5.1. Talent placing dish onto stage
4.5.2. Few seconds Talent at computer, making tissue edges 

4.6. Then set the z-stack range, taking care that the set ranges are appropriate at multiple areas of the slice, particularly along the edges [1-SCREEN-TXT].

4.6.1. *To be provided by Authors: Few seconds z-stack range being set (TEXT: i.e. z-range > tissue thickness)

5. PCLS Live Cell Imaging {Author Comment: we recorded steps 5.1 through 5.5.1 immediately after step 4.2.1 because all the reagents were prepared. i.e. we recorded the “staining” steps for parts 4 and 5 at the same time, and the “washing” steps for parts for and 5 at the same time. But the shots should proceed in the order listed here, not the order we recorded them in}

5.1. For live cell imaging, after 30 minutes of incubation in the antibody cocktail of interest [1-WIDE], rinse the slices two times with 1 mL of cold Leibovitz-10 [2-MED].

5.1.1. Talent placing slice(s) on ice/rocker
5.1.2. Few seconds Talent rinsing slides, with Leibovitz-10 container visible in frame 

5.2. Next, add 50 microliters of fresh Leibovitz-10 into one slot of a chambered coverglass per sample [1-MED-over the shoulder], followed by the immediate transfer of each PCLS to the medium, gently manipulating the tissues until they are spread flat [2-CU].

5.2.1. Talent placing medium into at least one slot
5.2.2. Few seconds one PCLS being placed into drop/spread flat 

5.3. Then use a pipette to aspirate the medium from each chamber [1-CU] and anchor each PCLS with a platinum weight [2-CU].

5.3.1. Few seconds medium being aspirated from one chamber
5.3.2. Few seconds PCLS being anchored

5.4. Carefully pipette freshly-prepared, ice-cold extracellular matrix onto each PCLS [1-MED-TXT], taking care that the gel is placed on top of the lung slices and that the slices do not float up on top of the gel [2-CU].

5.4.1. Few seconds Talent adding matrix to at least one well, with matrix container visible in frame 
5.4.2. Shot of gel being placed/gel on top of slice/slice not floating

5.5. After 5 minutes at 37 °C, transfer the slide into a pre-warmed confocal microscope chamber set to 37 °C under a 20x objective [1-CU].

5.5.1. Few seconds slide being placed into chamber

5.6. Then set the z-stack and tile ranges based on the desired interval between the frames [1-MED], using the “tile” tool to denote the area of interest in the tissue and the “centered grid” setting to center the sample in the field of view [2-SCREEN-TXT].

5.6.1. Few seconds Talent at computer, setting z-stack tile ranges
5.6.2. *To be provided by Authors: Few seconds area of interest being selected and/or sample being centered (TEXT: i.e. z-range approximately equals tissue thickness)
Miranda Lyons-Cohen, Step 2.7: It’s critical to keep the syringe in place during and after the inflation. If only one lobe inflates, the syringe has been inserted too deeply.  
Miranda Lyons-Cohen, Step 4.3: The lung slice needs to be laying flat on the dish for successful imaging. Manipulate the slice in 50 microliters of PBS until it is flat, then aspirate off the extra liquid.
6. Results: Representative Immune Cell Population Identification

6.1. CD11bhi (Pronounce: C-D-eleven-B-high) conventional dendritic cells localize in the lung parenchyma [1-LM], whereas CD103+ (Pronounce: C-D-one-oh-three-positive) conventional dendritic cells reside primarily around the airways [2-LM] and the subpleural area [3-LM].

6.1.1. Figure 1_Video Revision.ai: please add B box (without accompanying B label) as in original Figure 1 and highlight/indicate bottom left image
6.1.2. Figure 1_Video Revision.ai: please add C box (without accompanying C label) as in original Figure 1 and highlight/indicate bottom left image
6.1.3. Figure 1_Video Revision.ai: please add D box (without accompanying D label) as in original Figure 1 and highlight/indicate bottom left image

6.2. Co-staining for CD88 (Pronounce: C-D-eighty-eight) and CD172a (Pronounce: C-D-one-seventy-two-A) allows the distinction of CD172a-CD88+ alveolar macrophages [1-LM] from CD172a+CD88+ interstitial macrophages [2-LM], the latter of which are preferentially located in the parenchyma [3-LM] and not the sub-epithelial area [4-LM].

6.2.1. Figure 2_Video Revision.ai: please indicate some/one light blue cell(s) in bottom left image
6.2.2. Figure 2_Video Revision.ai: please indicate some/one blue/green cell(s) in bottom right
6.2.3. Figure 2_Video Revision.ai: please add F box (without accompanying F label) as in original Figure 2 and highlight/indicate bottom right image
6.2.4. Figure 2_Video Revision.ai: please add E box (without accompanying E label) as in original Figure 2 and highlight/indicate bottom right image

6.3. Co-labeling for CD90.2 (Pronounce: C-D-ninety-point-two), a well-known T cell marker [1-LM], and the TdTomato (Pronounce: T-D-tomato) fluorescent protein, a transgene under the transcriptional control a master transcription factor necessary for lymphangiogenesis [2-LM], facilitates the identification of lymphatic structures in the lung [3-LM]. 

6.3.1. Figure 3D_Video Revision.ai: please add CD90.2 text as in original Figure 3D
6.3.2. Figure 3D_Video Revision.ai: please add Prox1-TdTomato text as in original Figure 3D
6.3.3. Figure 3D_Video Revision.ai: no animation

6.4. CD103+ conventional dendritic cells [1-LM] are found in several anatomical areas, including the CD324-expressing airway epithelium, the lymphatics, and the subpleural area [2-LM].

6.4.1. Figure 3E_Video Revision.ai: please add CD103 text as in original Figure 3E
6.4.2. Figure 3A_Video Revision.ai: please add box as in original Figure 3A

6.5. Cell movement and cell-to-cell interactions can be recorded using live cell imaging as just demonstrated [1-LM]. For example, in this representative experiment, 16 hours after oral OVA-LPS instillation, CD103+ dendritic cells [2-LM] can be clearly observed interacting with adoptively-transferred, OVA-specific T cells over a 4 hour period [3-LM].

6.5.1. 55465JoVE_Movie_1.avi: no animation
6.5.2. 55465JoVE_Movie_1.avi: please indicate red cell in circle
6.5.3. 55465JoVE_Movie_1.avi: please indicate green cell in circle

7. Conclusion (said by authors on camera)
7.1. Hideki Nakano: Once mastered, the tissue preparation and slicing techniques can be completed in 2.5 hours if it they are performed properly.
7.2. Miranda Lyons-Cohen: While attempting this procedure, it’s important to remember to achieve a good agarose lung inflation and to subsequently keep the delicate lung slices as flat as possible for the imaging.
7.3. Donald Cook: Following this procedure, other methods, like treating PCLS with acetylcholine or methacholine, can be performed to answer additional questions about calcium signaling and airway contractility under various disease conditions.
7.4. Miranda Lyons-Cohen: After watching this video, you should have a good understanding of how to generate precision cut lung slices for visualizing the localization, trafficking, and interactions of immune cells in the lung.   

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. 

6.1.1 - Figure 1_Video Revision.ai – Figure 1 with the requested revisions
6.2.1 - Figure 2_Video Revision.ai – Figure 2 with the requested revisions
6.3.1 - Figure 3A_Video Revision.ai – Figure 3A with the requested revisions
6.3.3 - Figure 3D_Video Revision.ai - Figure 3D with the requested revisions
6.3.4 - Figure 3E_Video Revision.ai - Figure 3E with the requested revisions
55465JoVE_Movie_1.avi

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 are included in the email accompanying the finalized script.
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