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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____  (If you can record images/videos using your own camera/software, then mark 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______ 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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __2.6-2.11, 3.5, 3.6, 3.9, 3.10, 4.4-4.5, 4.7_
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _2.6, tracheal cannulation; 4.5, transferring scaffolds to air-liquid interface membranes
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes_____ If yes, how far apart are the locations? _ The two locations are in the same research building, several floors apart, accessible by elevators.  


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 procedure is to direct the differentiation of mouse embryonic stem cells into mature airway epithelial cells using a 3-D culture setup with decellularized lung scaffolds. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Sheri Shojaie: This method can help answer key questions in the area of lung development, such as the role of cell-matrix interactions and growth factor signaling during lung lineage differentiation. 
1.2. Joyce Lee: The main advantage of this technique is that it uses a 3-D culture system in a defined, serum-free setting and achieves robust airway epithelial differentiation with limited contamination from other endoderm lineages. 


E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care Committee (IACUC) of the Hospital for Sick Children Research Institute.


Protocol (read by voice talent at JoVE):
2. Scaffold Preparation
2.1. After euthanizing an adult Wistar rat according to the text protocol [2.1.1-WIDE], secure the animal to a dissecting surface by fixing forepaws and hind legs and use 70% ethanol to spray down the chest and abdomen [2.1.2-CU].
2.1.1. Talent places euthanized animal on to dissecting surface
2.1.2. Talent finishes fixing animal’s forepaws and hind legs on surface and sprays down chest with ethanol
2.2. Create an incision just below the rib cage, cut through the skin and expose the diaphragm [2.2.1-CU/ECU]. Then make small incisions through the diaphragm to cause the lungs to retract, reducing the chance of puncturing the lungs [2.2.2-CU/ECU]. 
2.2.1. Talent makes incision just below ribcage, cuts through the skin and exposes diaphragm; Videographer, have talent point out diaphragm
2.2.2. Talent makes small incisions and lungs retract
2.3. Next, create a vertical incision along the sternum and open the thoracic cavity to access the heart and lungs [2.3.1-CU/ECU]. Then with a suture, ligate the inferior vena cava [2.3.2-CU/ECU] and use small dissecting scissors to place a small incision in the left atrium [2.3.3-ECU].
2.3.1. Talent makes vertical incision along sternum and opens thoracic cavity to access heart and lungs
2.3.2. Talent tightens the suture around the vena cava 
2.3.3. Talent makes small incision in left atrium
2.4. Using a prepared 10 ml syringe with a 25-gauge needle filled with heparinized Hanks’ balanced salt solution [2.4.1-CU-TXT], start lung perfusion by inserting the needle into the right ventricle and push the buffer through the pulmonary circulation [2.4.2-ECU-TXT]. 
2.4.1. Talent picks up syringe with HBSS (TEXT:  10 U/mL heparin)
2.4.2. Talent inserts needle into right ventricle and starts pushing on plunger (TEXT: 2 mL/min)
2.5. Continue the perfusion until the lungs turn white [2.5.1-ECU] and the fluid flowing from the left atrium runs clear [2.5.2-ECU].
2.5.1. Shot of lungs that have turned white with perfusion finishing
2.5.2. Fluid flowing from left atrium running clear
2.6. Following perfusion, expose the trachea and make a small incision near the thyroid cartilage for cannulation [2.6.1-ECU].  Then, with a plastic catheter, cannulate the trachea and use a suture to secure in place [2.6.2-CU/ECU].
2.6.1. Talent exposes trachea and makes small incision near thyroid cartilage
2.6.2. Talent cannulates trachea and secures in place with suture
2.7. Now, set up a gravity perfusion system by fixing a 10 ml syringe to a retort stand and clamp [2.7.1-MED/CU].  Then remove and discard the syringe plunger [2.7.2-MED/CU].
2.7.1. Talent fixes 10 ml syringe to retort stand and clamp
2.7.2. Talent removes plunger and discards
2.8. Secure the maximum filling point on the syringe barrel at 20 cm above the lungs [2.8.1-CU].  Then attach a two-way stopcock to the end of the syringe and a long plastic tubing to the other end of the stopcock. Gently pull out the catheter from the trachea [2.9.1-CU/ECU], and attach to the end of the plastic tubing [2.8.2-CU]
2.8.1. Film as written, Videographer, have talent point out distance between lung and maximum fill level; Editor point out this distance.
2.9.1 [moved] Talent gently pulls catheter from trachea
2.8.2. Talent attaches stopcock to end of syringe and plastic tubing to other end of stopcock attached to the tracheal catheter
2.9. Then pour decellularization solution into the syringe and allow the solution to completely fill the attached plastic tubing and catheter [2.9.2-CU].
2.9.1. [moved] Talent gently pulls catheter from trachea
2.9.2. Talent pours decellularization solution into syringe and it fills plastic tubing and catheter {two separate shots show this, one closer up on the filled catheter}
2.10. Place the solution-filled catheter back into the trachea and lavage the lungs by filling to total lung capacity for one minute [2.10.1-CU/ECU-TXT]. Then remove the catheter from the trachea to allow the fluid to flow out of the lungs [2.10.2-ECU].
2.10.1. Talent places catheter back into trachea and lungs begin to fill to lung capacity (TEXT: 10-12 mL)
2.10.2. Lungs filled to capacity and talent removes catheter and fluid flows out
2.11. Repeat the lavage of the lungs eight times with decellularization solution, followed by 10 rinses with PBS (pronounce “P-B-S”). The lungs will appear white with the completion of the lavage steps [2.11.1-CU].  Then dissect the trachea and lungs from the neck and chest cavity [2.11.2-CU/ECU]. Remove excess tissue from the dissected lungs, including the esophagus and heart, then transfer the lungs into cold PBS until preparation for vibratome sectioning [2.11.3-CU]. 
2.11.1. Talent reinserts catheter into trachea and begins filling lungs with decellularization solution again – have PBS visible in background 
{reinsertion of catheter and filling of lungs were taken a second time after the completion of lavage steps. This was because the lungs look visibly whiter with the completion of rinsing steps.}
2.11.2. Talent finishes dissecting trachea and lungs and transfers into cold PBS
2.11.3. Added shot “cleaning”: Talent removes heart and esophagus tissue from dissected lungs and places lungs into PBS. 
3. Thick Section Generation
3.1. To prepare thick sections, make approximately 15 ml of 2% and 4% low melting point agarose in PBS and enough 6% agarose for embedding all lobes into small rectangular blocks [3.1.1-CU-TXT]. After transferring the agarose to 50 ml tubes, place the tubes on a heat block and maintain the temperature above 40 degrees Celsius to avoid gelling [3.1.2-CU].  
3.1.1. Talent adds low melting point agarose into PBS in the 2% labeled flask or container and has 4% container and 6% container next to it (TEXT: microwave to dissolve) {comment: flask was not labeled}
3.1.2. Talent pours melted agarose into 6% labeled tube and places next to other labeled tubes on heat block with 40 degrees C temp visible

3.2. Using small scissors, dissect the decellularized lung at the end of each lobar bronchus and detach each lobe [3.2.1-ECU-TXT].
3.2.1. Talent dissects decellularized lung at end of each lobar bronchus and detaches each lobe.  Videographer, have talent point out lobe bronchus as detaching (TEXT: cranial, middle, accessory, caudal right lobes, and left lobe). 
3.3. Then use absorbent sheets to remove excess PBS [3.3.1-CU] and transfer the lobes to 2% agarose on the heating block for 5 minutes to coat the tissue [3.3.2-MED/CU].  After transferring each lobe to a Petri dish, place the dish on a cold plate and allow the surface to gel for one minute [3.3.3-CU].
3.3.1. Film as written
3.3.2. Talent transfers lobes to 2% agarose that is on the heating block
3.3.3. Talent places dish on a cold plate and agarose coated lobes gel
3.4. Gently place the lobes into 4% agarose and after incubating for 5 minutes and cooling [3.4.1-CU], repeat the coating with 6% agarose [3.4.2-CU].  After coating, use metal base molds to embed each lobe separately in 6% agarose with at least 3 millimeters of agarose surrounding the tissue from the edges [3.4.3-ECU].
3.4.1. Talent places lobes in 4% agarose
3.4.2. Talent transfers cooled lobes to 6% agarose
3.4.3. Talent embeds a lobe in 6% agarose with 3 mm of agarose on edges; Editor, point out the extra agarose on the sides of the tissue
3.5. Next, with forceps, orient each lobe by positioning the tissue’s largest flat edge at the surface of the metal mold facing the experimenter and complete the embedding using plastic cassettes [3.5.1-ECU].  
3.5.1. Talent positions a lobe with largest flat edge at surface of mold facing themselves and completes embedding by placing plastic cassettes on top of tissue and adding more agarose 
3.6. Allow the blocks to gel on a cold plate for at least 30 minutes before vibratome sectioning [3.6.1-MED/CU].  Alternatively, store the blocks in a humidified chamber for up to 12 hours at 4 degrees Celsius prior to vibratome sectioning [3.6.2-WIDE/MED].
3.6.1. Talent places blocks on cold plate
3.6.2. Talent places blocks in humidified chamber into fridge
3.7. To prepare sections, set up the vibratome by filling the sectioning chamber with cold PBS [3.7.1-CU].  Set up a surrounding ice bath to maintain a cold temperature throughout sectioning [3.7.2-MED/CU].  
3.7.1. Talent fills sectioning chamber with cold PBS
3.7.2. Talent sets up ice bath around chamber
3.8. Now, remove the blocks from the metal molds [3.8.1-CU/ECU] and use a razor blade to trim down the excess agarose surrounding the lobes, while keeping approximately 3 mm from the edge of the tissue [3.8.2-ECU].
3.8.1. Talent removes a block from a mold
3.8.2. Talent trims mold with razor blade keeping 3 mm of agarose from edge of tissue
3.9. Using adhesive, fix the tissue to the center of the specimen plate [3.9.1-CU/ECU], and submerge the plate into the PBS-filled sectioning chamber [3.9.2-CU/ECU]. Load the sectioning blade on the vibratome [3.9.4-CU].  Set the sectioning boundaries on the vibratome by selecting the following speed, amplitude, and thickness values, respectively [3.9.3-CU-TXT].  
3.9.1. Film as written
3.9.2. Film as written 
3.9.4	Added Shot: (to be shown after 3.9.2), Talent loads blade for sectioning on vibratome
3.9.3. Talent sets up sectioning settings on the vibratome (TEXT: 0.2 mm/s, 1.85 mm, and 350 m)
3.10. Section each lobe completely and if sections do not fully separate from each other, use small scissors to manually cut the sections free [3.10.1-ECU].  Then gently collect scaffold sections and transfer into cold PBS [3.10.2-ECU]. Using forceps, gently free each section from the surrounding agarose [3.10.3-ECU]. 
3.10.1. Talent finishes sectioning a block and cuts sections free from a completely sectioned block {comment: manual cutting of sections was not shown, however keep in narrative}. 
3.10.2. Talent picks up a section and transfers to cold PBS on ice
3.10.3. Added shot: talent frees each section from surrounding agarose and places in new petri dish with PBS
4. Decontamination of Scaffold Sections and Recellularization Setup
4.1. To decontaminate scaffold sections, after transferring them from PBS to microcentrifuge tubes, add 90 units per milliliter of nuclease in PBS [4.1.1-CU], and incubate on a rotator at room temperature, for 12 - 24 hours [4.1.2-MED/CU]. 
4.1.1. Talent picks up a tube with scaffold sections and adds nuclease in PBS (TEXT: up to 30 sections/tube)
4.1.2. Talent places tubes on rotator and turns it on 
4.2. After transferring sections to new microcentrifuge tubes according to the text protocol, under sterile conditions, add antimicrobial solution [4.2.1-CU-TXT] and incubate on a rotator at room temperature for 6 hours [4.2.2-MED/CU].
4.2.1. Tubes containing sections arranged inside a biosafety cabinet on bench under sterile conditions and talent picks up a tube and starts adding antimicrobial solution to tubes (TEXT: 200U/mL pen/strep; 25 g/mL amphotericin B in PBS)
4.2.2. Talent places tubes on rotator and turns it on
4.3. Then under sterile conditions, use PBS to rinse the scaffolds twice [4.3.1-MED/CU] [4.3.?-MED], and transfer them into serum free medium, or SFDM (pronounce “S-F-D-M”) prior to seeding with cells [4.3.2-CU].
4.3.1. Talent working under sterile conditions transfers sections from microcentrifuge tubes into petri dish and adds PBS to tubes 
4.3.? - Added shot: Talent places petri dish with scaffolds and PBS on a shaker for rinse. {comment: show this step before 4.3.2 (transfer of scaffolds to SFDM) 
4.3.2.  Back in culture hood, talent transfers scaffolds into SFDM petri dish
4.4. To set up an air-liquid interface culture, use sterile forceps to place hydrophobic membranes on a petri dish [4.4.?-added shot-CU]. Then transfer each decellularized scaffold section from SFDM onto a membrane [4.4.1-ECU-TXT], ensuring that sections are spread evenly on the membrane [4.4.2-ECU].
Added shot: Inside the culture hood, talent picks up a membrane and transfers it to petri dish (TEXT: 8 m pore size). 
4.4.1. Talent transfers a scaffold to a membrane (TEXT: 8 m pore size)
4.4.2. Talent adjusting a section so that it is spread out evenly
4.5. Prepare 6 or 12 well plates by filling wells with 1 ml or 0.5 ml of SFDM, respectively [4.5.1-CU].  Then gently place the membranes into the wells allowing the membrane to float on top of the medium, creating an air-liquid culture setup [4.5.2-CU/ECU].
4.5.1. Talent fills wells of 6- or 12-well plate with SFDM
4.5.2. Talent gently places a membrane into a well and it is shown floating on the medium
4.6. To seed 3D scaffolds, following the preparation of endodermal cells and fluorescence-activated cell sorting to enrich for definitive endoderm [4.6.1-LM-TXT], use a hemocytometer to count the sorted cells [4.6.2-MED/CU].  Then spin down the cells at 400 x g for 5 minutes [4.6.3-MED].  
4.6.1. LAB MEDIA Figure 2B (TEXT: refer to text protocol)
4.6.2. Talent places hemocytometer of cells on microscope stage and begins to count
4.6.3. Talent places cells into centrifuge and sets speed and time and starts spin
4.7. Using SFDM, resuspend the pelleted cells to approximately 100,000 cells in 10 ul (pronounce “ten microliter”) of medium per scaffold [4.7.1-CU].  Then to recellularize the scaffolds, pipette 10 ul of cells directly onto each prepared section of the air-liquid culture [4.7.2-CU/ECU-TXT]. 
4.7.1. Talent resuspends a cell pellet with SFDM
4.7.2. Talent pipettes cells directly onto a prepared section on a floating membrane  
4.8. Replace the SFDM every 48 hours by holding the plate at a slight incline to avoid disrupting the culture and aspirate the medium [4.8.1-CU/ECU].  Then slowly add fresh SFDM along the side of the well to prevent the membrane from sinking.  Maintain the cultures up to 21 days for cells to differentiate into mature airway epithelia [4.8.2-CU/ECU-TXT].  
4.8.1. Talent holds plate at an incline and aspirates medium
4.8.2. Talent slowly adds medium to side of well; Videographer get enough footage for last sentence here too.
5. Results: ESC-derived Mouse Airway Epithelia from Decellualrized Lung Scaffolds
5.1. As seen here, decellularization, which removes host cells on lung scaffold sections, can be assessed by staining with H and E, and DAPI (pronounce as one word, rhymes with “happy”) [5.1.1-LM].
5.1.1. LAB MEDIA Figure 1A, Editor, point out the top three panels for H and E and the bottom three panels for DAPI.
5.2. High-magnification scanning electron microscope analysis of scaffolds confirms the absence of host cells and intact matrix architecture, as illustrated in this figure [5.2.1-LM].
5.2.1. LAB MEDIA Figure 1B, Editor, for absence of host cells and intact matrix architecture, point out the right hand panel in B
5.3. Non-adherent culturing of embryonic stem cells in serum-free differentiation medium for six days results in the formation of embryoid body cell aggregates as shown here [5.3.1-LM].
5.3.1. LAB MEDIA Figure 2A, Editor, point out the round balls for the EB cell aggregates
5.4. As demonstrated in this FACS (pronounce as one word, rhymes with “lacks”) analysis, three days of activin A treatment results in a double positive CXCR4 (pronounce as “C-X-C-R-4”) and cKIT (pronounce as “C-kit”) definitive endoderm population [5.4.1-LM].
5.4.1. LAB MEDIA Figure 2B, Editor, for the double positive CXCR4 and cKIT, point out the two right hand boxes with the majority of the red signal. 
5.5. [bookmark: _GoBack]This figure shows that the sorted endodermal cells formed structures on scaffolds, reminiscent of developing lung [5.5.1-LM], unlike unsorted cells that show limited organization and differentiation [5.5.2-LM]. 
5.5.1. LAB MEDIA Figure 2C-D, Editor, point out the endoderm sorted panels at days 7 and 21 here for ‘formed structures on scaffolds.  For ‘reminiscent of developing lung,’ point out panel D.
5.5.2. LAB MEDIA Figure C-D, Editor, point out the unsorted two panels on the right here for ‘unlike unsorted cells…’
5.6. As early as 7 days following scaffold culture, differentiation to the lung lineage is observed as detected through confocal microscopy using the airway epithelial markers NKX2.1 (pronounce as “N-K-X-2-point-1) and SOX2 (pronounce as one word, “socks-2”).  SOX2 positive, NKX2.1 negative cells are likely pluripotent endodermal cells that have not differentiated to the lung lineage [5.6.1-LM].
5.6.1. LAB MEDIA Figure 3A, Editor, for the first sentence, point out the top day 7 panels for NKX2-1 and SOX2 when mentioned.  For SOX2 positive NKX2-1 negative cells, point out the green cells in the top right of the Merge panel.  
5.7. Finally, immunofluorescence analysis of day 21 cultures reveals a mature airway epithelial population containing TUBβ4A-positive (pronounce as “Tubulin-beta-4-positive”) ciliated cells, SCGB1A1-positive (pronounce as “secretoglobin-1-A-1-positive”) club cells, and TRP63- (pronounce as “T-R-P-sixty three”) and KRT5-positive (pronounce as “Keratin-5-positive”) basal cells [5.7.1-LM].
5.7.1. LAB MEDIA Figure 3B, Editor, point out the green coloring in the middle panel when TUBB4A is mentioned, and the red coloring in the middle panel with SCGB1A1is mentioned.  Then point out the green and red coloring in the right hand panel when TRP63 and KRT5 are mentioned.

6. Conclusion (said by authors on camera)

6.1. Joyce Lee: While attempting this procedure, it’s important to remember to use sterile techniques to reduce the risk of contamination.
6.2. Sheri Shojaie Joyce Lee: Once setup, this protocol can be modified to assess the role of other factors in lung differentiation. For example, by supplementing cultures with growth factors that have been implicated in lung development.
6.3. Sheri Shojaie: After watching this video, you should have a good understanding of how to generate 3-D scaffold cultures of embryonic stem cell-derived airway epithelial cells.

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.
5.1 – 54019_Post_Figure1.pdf – Dual colour image of decellularized scaffolds 
Note: Show panel A only 

5.2 – 54019_Post_Figure1.pdf – Scanning electron microscope images of natural and decellularized lung, showing absence of cells and preservation of matrix architecture on decellularized scaffolds. 
Note: show panel B only 

5.3 - 54019_Post_Figure2.pdf – Dual coloured image of Day 6 embryoid bodies (EBs) following three days of activin A treatment.
Note: Show panel A only. 

5.4 - 54019_Post_Figure2.pdf – Flow cytometry data showing CXCR4 and c-KIT double-positive endodermal cells FACS-sorted for culture. 
Note: Show panel B only.

5.5.1 - 54019_Post_Figure2.pdf – Dual colour image showing seeded endodermal cells have formed structures on scaffolds, reminiscent of developing lung. 
Note: Show panel C and D only.

5.5.2 - 54019_Post_Figure2.pdf – Dual colour image showing seeded sorted and unsorted cells. 
Note: Show panel C only.

5.6 - 54019_Post_Figure3.pdf – Dual colour immunofluorescent images showing the emergence of proximal lung progenitor cells (NKX2-1 + /SOX2+ ) following seven days of culture. 
Note: Show panel A only. 

5.7 - 54019_Post_Figure3.pdf – Dual colour immunofluorescent images showing the presence of mature airway epithelial cells.


Note: Show panel B only. 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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