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A.  Will you require JoVE to record video microscopy through a microscope? Y If yes, please list make and model of your microscope: Zeiss Stemi DV4 and specify the steps by number/short description: 4.2, 4.3, 4.4, 4.5
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: 4.2, 4.3, 4.4, 4.5_
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  4.4: Gently place one fibrin gel using small forceps over the area.
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 use fibrin gel implantation to study vascular and alveolar regeneration in the mouse lung. (Intro) This is accomplished by first preparing drops of fibrin gel supplemented with angiogenic factors. (P1) In the second step, the experimental animal is mechanically ventilated and the chest is opened. (P2) Next, a fibrin gel is carefully attached to the mouse lung with fibrin glue, (P3) and then, in the final step, the lung and implanted gel are harvested 7-30 days later for histological analysis. (P4) Ultimately, the blood vessel and alveolar formation within the gel implant can be assessed by immunohistochemical analysis. (P5)
From Mammoto_illustration.pptx
(P1) from P1, show petri dish, and then have pink drops appear above plate, landing in dish and forming little orbs as in graphic
(P2) from P2, show mechanical ventilator, and then have mouse appear with tube and have tube attach to ventilator, then have red/peach “opening” appear on mouse chest
(P3) same mouse/ventilator from (P2), then have petri dish appear and move one pink drop from dish onto peach “lung” in red “opening” on mouse
(P4) same mouse from (P3), then have peach lung with gel drop move from mouse onto microscope slide (as in P4, P5)
(P5) Authors: please provide Figure 2 as an .ai, .psd, or .tif file OR 52012_Mammoto_Figure2a.tif
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Akiko Mammoto: This method can help answer key questions in the lung vascular biology field, such as how does the organ-specific microenvironment control angiogenesis and organ morphogenesis?

1.2. Akiko Mammoto: Demonstrating the procedure will be Tadanori Mammoto, a colleague from our laboratory.

1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Fibrin gel preparation
2.1. To prepare fibrin gels that contains both VEGF (Pronounce: vedge-F) and bFGF (Pronounce: B-F-G-F), begin by warming -80°C stocks of fibrinogen and thrombin to room temperature.

2.1.1. WIDE: Talent removing stocks from -80°C

2.1.2. MED: Talent placing stocks at RT (TEXT: VEGF: vascular endothelial growth factor; bFGF: basic fibroblast growth factor)
2.2. When the stocks are fully thawed, add thrombin, calcium chloride, VEGF, and bFGF to the fibrinogen solution in a 1.5 ml tube and then mix the solution by pipetting.

2.2.1. CU: Shot of fully thawed stocks

2.2.2. MED: Few seconds Talent adding at least one angiogenic factor into fibrinogen solution, with other containers visible in frame if possible

2.2.3. CU: Few seconds solution vortexing pipetting
2.3. Next, gently pipette 200 microliters of the mixture drop-by-drop onto a sterile plastic dish.
2.3.1. MED: Talent placing tube(s) into centrifuge

2.3.2. CU: 1-few drops being pipetted onto dish
2.4. Incubate the drops at 37°C for 30-60 min until they solidify.

2.4.1. MED: Talent placing dish at 37°C

2.4.2. LAB MEDIA: 52012_Mammoto_Figure1a.tif OR CU: Shot of dish with solid drops
2.5. Then use small surgical scissors to trim the gels into approximately 3 x 3 x 3 mm cubes.

2.5.1. CU: Few seconds one drop being trimmed
3. Mouse surgical preparation

3.1. After confirming full sedation in an 8-12 week old mouse by toe pinch, cover the animal’s eyes with vet ointment to prevent dryness, and then shave the fur over the left side of the rib cage.

3.1.1. WIDE: Talent confirming sedation (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: 100 mg/kg ketamine ip)

3.1.2. CU: Shot of ointment being applied to one eye

3.1.3. CU: Shot of just left side of rib cage being shaved
3.2. After endotracheal intubation, place the mouse on an intubation stand angled at 70° and hook the upper incisors over a small rubber band located at the top of the stand to hold the animal in place.
3.2.1. CU: Shot of mouse in intubation stand at 70° /mouse being placed in intubation stand

3.2.2. ECU: Shot of incisors hooked over small rubber band/incisors being hooked over rubber band
3.3. Use blunt forceps to gently retract the tongue to one side, and then visualize the larynx with the aid of a fiber-optic gooseneck microscope illuminator.
3.3.1. CU: Shot of just mouse’s head, few seconds tongue being retracted to side

3.3.2. CU: Shot of larynx OR CU: Few seconds illuminator being used to find larynx
3.4. Next insert a 21 gauge endotracheal elastic catheter into the trachea. Confirm that the mouse is spontaneously breathing smoothly and then place the animal in the prone position under the dissection microscope.
3.4.1. CU: Few seconds catheter being placed

3.4.2. CU: Few seconds mouth breathing smoothly (TEXT: 100-150 breaths/min, no paradoxical/shallow respiration) 

3.4.3. MED: Talent placing mouse in prone position (Videographer: More Talent than mouse in shot)
3.5. Use a rodent ventilator to mechanically ventilate the animal at 150 breaths/min and 7 ml/kg tidal volume, and then count ribs to locate the intercostal space between the 4th and 5th rib.
3.5.1. CU: Shot of ventilator being set to 150 breaths/min and/or 7 ml/kg tidal volume OR MED: Talent setting ventilator to same

3.5.2. CU: Shot of mouse ribs being counted, then intercostal space between 4-5 rib being located/indicated

3.5.3. [added] Connect to ventilator

3.6. Then thoroughly wipe down the area with alcohol and Povidone-Iodine to create a sterile field and cover the surgical area with a sterile drape.
3.6.1. MED: Few seconds Talent wiping area with alcohol or iodine

3.6.2. MED: Few seconds drape being placed over area
4. Fibrin gel placement
4.1. To place the gel onto the lung, next make a 1 cm transverse skin incision over the intercostal space and then make a muscle incision between the 4th and 5th rib.
4.1.1. WIDE: Few seconds Talent making incision  (Videographer: More Talent than mouse in shot)

4.1.2. CU: Shot of transverse skin incision, then few seconds muscle incision being made
4.2. Insert a dissecting retractor between the ribs to fully visualize the left lung and then use fine forceps to scrape a 1 x 1 mm square of visceral pleura from the center of the left lung.

4.2.1. SCOPE: Few seconds ribs being retracted/retractor being placed

4.2.2. SCOPE: Few seconds pleura being scraped
4.3. Using a sterile cotton swab, next apply gentle pressure on the area until the bleeding and air leaks are completely controlled, and then dispense a small amount of unsolidified fibrinogen-thrombin glue over the area.
4.3.1. SCOPE: Few seconds swab being placed

4.3.2. SCOPE: Few seconds glue being placed
4.4. Next, gently place one fibrin gel onto the glue and observe the respiratory movements of the lung to determine that the gel is well fixed. Then close the incisions with an absorbable suture.
4.4.1. SCOPE: Few seconds gel being placed

4.4.2. SCOPE: Few seconds lung moving/gel not moving (TEXT: Confirm lack of air/blood leak)

4.4.3. SCOPE: Few seconds suture being placed
4.5. Aspirate the thoracic cavity with a 1 ml syringe equipped with a 26 gauge needle to prevent pneumothorax and then terminate the mechanical ventilation.
4.5.1. SCOPE: Few seconds cavity being aspirated

4.5.2. MED: Talent terminating mechanical ventilation
4.6. After confirming that the mouse is breathing smoothly, inject 1 ml of pre-warmed 0.9% NaCl ip to prevent dehydration, and allow the mouse to recover on a circulating warm water pad.
4.6.1. CU: Few seconds animal breathing smoothly

4.6.2. CU: Few seconds ip injection

4.6.3. MED: Talent placing mouse into pad (TEXT: Videographer: More Talent than mouse in shot)
4.7. Once the animal exhibits stable breathing, remove the endotracheal tube and inject a post-operative analgesic.

4.7.1. CU: Few seconds tube being removed

4.7.2. CU: Few seconds sc shot  (TEXT: Meloxicam 1 mg/kg sc)
4.8. When the animal is fully recovered, return it to a new cage isolated from mice without surgery, monitoring the animal daily for signs of infection or complications.

4.8.1. MED: Talent placing mouse into cage

4.8.2. MED: Overhead shot of post surgery mouse in cage, behaving normally
5. Harvesting the lung

5.1. Seven to thirty days after the implantation, make an incision between the tip of the xyphoid process and the sternal notch, and then cut the trachea, dissecting all connections from the lung to the heart and trachea. 
5.1.1. WIDE: Few seconds Talent working on mouse at bench (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: CO2 asphyxiation)

5.1.2. CU: Shot of incision, then few seconds trachea being cut

5.1.3. CU: Few seconds connections being severed

5.2. Harvest the whole lung and the implanted gel, and then fix the gel and lung tissue within a 4% paraformaldehyde solution overnight at 4ºC.

5.2.1. CU: Shot of lung being lifted out of mouse with gel visible in shot

5.2.2. CU: Gel/lung being placed into PFA

5.3. The next day, embed the lung tissue in OCT compound, and then collect serial step sections of the lung and gel at a 30 micrometer thickness. 
5.3.1. CU: Lung/gel being placed into OCT

5.3.2. MED: Few seconds Talent sectioning gel/lung showing sectioned gel/lung on slides
5.4. Stain the sections with hematoxylin and eosin and antibodies against the appropriate markers of interest, and then after taking Z-stack images of the sections, compile stacks of the optical sections to form three-dimensional images of the lung endothelial and epithelial cells using 3D image analysis software.
5.4.1. LAB MEDIA: 52012_Mammoto_Figure2b.tif (H&E)

5.4.2. LAB MEDIA: 52012_Mammoto_Figure2a.tif (antibodies)

5.4.3. MED – over the shoulder: Talent at computer compiling stacks of sections

5.4.4. SCREEN/LAB MEDIA: 3D shot of endothelial and epithelial cells 
5.5. Finally, quantify the projected areas of the newly formed blood vessels using the appropriate image analysis software.
5.5.1. MED: Few seconds Talent at computer, quantifying projected areas
6. Results: Fluorescence micrographs of the inside of representative lung fibrin gel implants
6.1. Seven days after implantation, the fibrin gel is incorporated into the host lung.
6.1.1. LAB MEDIA: 52012_Mammoto_Figure1c.tif (Video Editor: if possible, add/flash black triangles)
6.2. 3D reconstruction of confocal fluorescence images has shown that host-derived CD31-positive endothelial cells form vascular networks inside the gels 7 days after implantation …

6.2.1. LAB MEDIA: 52012_Mammoto_Figure2a.tif (Video Editor: If possible, with “host-derived .. implantation” please highlight/indicate the green coloring in the middle and right columns OR highlight the CD31 text and images in middle and right columns)
6.3.  … in a VEGF/bFGF dose-dependent way. 
6.3.1. LAB MEDIA: 52012_Mammoto_Figure2c.tif (Video Editor: if possible, sequentially add asterisks from left to right OR add/highlight 10 and 100 data columns from left to right)
6.4. Type I, aquaporin 5+, and type II, surfactant protein-B+, lung epithelial cells are also recruited along the newly formed blood vessels inside the gels that are supplemented with higher concentrations of VEGF and bFGF. 
6.4.1. LAB MEDIA: 52012_Mammoto_Figure2a.tif 
(Video Editor: with “Type 1, aquaporin 5+” please highlight/indicate the pink/purple coloring in the top right image OR the AQP5 text and highlight the top right image; 

with “type II surfactant protein B+” please highlight/indicate the pink/purple coloring in the bottom right image OR the SP-B text and highlight the bottom right image)
6.5. H&E staining of histological sections reveals that other types of host cells also migrate into the gel 7 days after implantation. These findings together suggest that host lung-derived regenerative vascular networks and alveolar formation are successfully constructed inside the fibrin gels after supplementation with angiogenic factors and implantation onto the surface of the adult mouse lung. 
6.5.1. LAB MEDIA: 52012_Mammoto_Figure2b.tif (Video Editor: with “H&E … implantation” please add/indicate arrows)
7. Conclusion (said by authors on camera)
7.1. Akiko Mammoto: After its development, this technique paved the way for researchers in the field of lung biology and pulmonary medicine to explore the mechanism of normal angiogenesis and how it is deregulated in the diseased state in mouse lungs.
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.  

Mammoto_illustration.pptx

2.4 – 52012_Mammoto_Figure1a.tif -  color photograph of fibrin gel 

4.4 – 52012_Mammoto_Figure1b.tif -  color photograph of implantation of gel on the mouse lung

6.2 – 52012_Mammoto_Figure1c.tif -  color photograph of fibrin gel incorporated into the host lung 7       days after implantation 
6.4 - 52012_Mammoto_Figure2a.tif - Fluorescence micrographs of CD31 positive vascular networks inside the fibrin gel 7 days after implantation. 
6.6 - 52012_Mammoto_Figure2c.tif - Graph showing projected areas of newly formed blood vessels in the fibrin gels that are supplemented with various concentrations of VEGF and bFGF 7 days after implantation.
6.8 - 52012_Mammoto_Figure2a.tif - Fluorescence micrographs of AQP5-positive type I or SP-B positive type II lung epithelial cells inside the fibrin gel 7 days after implantation. 
6.10 - 52012_Mammoto_Figure2b.tif - Light micrograph of H&E staining showing infiltration of host cells into the fibrin gel 7 days after implantation. 
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


