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Title: In vivo Measurement of the Mouse Pulmonary Endothelial Surface Layer

Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  _Yes, with regards to steps 3 and 4, which need to be filmed via a dissection microscope (Leica S6E).  This has a binocular head; for purposes of filming, we can look through one eyepiece when doing the surgery.  _________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ___No______

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___Steps 3 -5.  Actual measurement of the ESL can be explained in the schematic overview and from using representative images, as included in the manuscript.___
D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  Being able to create a chest wall window while (a) not causing bleeding (which would obscure microscopy) and (b) not damaging the lung.  These are ensured by (a) using electrocautery and (b) ensuring that the lung is sufficiently within the chest to not touch the electrocautery probe.
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 measure the width of the pulmonary microvascular endothelial surface layer, or ESL, by measuring exclusion of fluorescently-labeled high-weight dextrans from the vessel surface.
This is achieved by first performing intravital DIC microscopy to identify the endothelial cell membranes of subpleural microvessels within a moving mouse lung (P1, Editor, bring in the three panels without the green dots or the DIC and FITC brackets.  See the note that follows).  (Note:  ideally, the figure of the microvessels will be moving in and out of focus, to mimic what we see in a moving lung)
Next, the mice are injected with a high molecular-weight, fluorescently-labeled dextran, which is excluded from the vessel wall by the otherwise-invisible endothelial surface layer (P2. Editor, add in the green dots in the top, then the middle panel).   (Note:  ideally, the figure of the microvessels will be moving in and out of focus, to mimic a moving lung)
Then, simultaneous DIC and fluorescent images are captured from a single in-focus frame, allowing measurement of vascular widths that are respectively inclusive and exclusive of ESL thickness (P3, Editor, Add in the brackets and text (DIC and FITC), zoom out, and bring in the zoomed-in, bottom two panels from figure 10a).  (Note: now, the figure is still.  The ability to capture both images from a single in-focus frame is a unique characteristic of our setup)
The difference between the DIC and fluorescent vascular widths is used to deduce the thickness of the subpleural microvascular ESL. (P4, Editor, use b and c from figure 10 here).
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.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name Eric Schmidt: The main advantage of this technique over existing methods, like microparticle velocimetry, is that it can be performed accurately in a moving organ such as the lung.   

1.2) **Author name _Eric Schmidt_: Demonstrating the procedure will be Dr. Yimu Yang, a Senior Research Associate from my laboratory (Add additional mention of demonstrators as necessary).  
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. Preparation of Surgical Tubing, Vascular Catheters, and Chest Wall Window
2.1. To prepare the tube for a mouse thoracostomy, cut a 10 cm length piece of PE 50 tubing (TEXT: inner/outer diameters 0.58/0.965 mm) and attach one end to the blunt end of a curved 23-gauge needle.

2.1.1. WIDE Talent at bench picks up razor to cut tubing

2.1.2. MED/CU Talent attaches tubing to blunt end of needle
2.2. Using a 30-gauge needle, repeatedly puncture the distal end of the tubing, creating side ports to facilitate effective aspiration of the intrathoracic air.

2.2.1. CU/ECU Talent uses needle to repeatedly puncture the tubing 
2.3. With 4:0 silk suture, separate the fenestrated portion from the rest of the tube by making several circumferential loops that will serve as a stopper and will anchor the fenestrated portion within the chest cavity.

2.3.1. CU Talent makes loops with suture to separate the sections of the tube

2.4. Prepare a chest wall window by cutting transparent polyvinylidine membrane into an oval and use α-cyanoacrylate glue to affix a circular 5 mm #1 coverslip to it.
2.4.1. CU Talent finishes cutting membrane into an oval shape 
2.4.2. CU/ECU Talent glues coverslip to window
3. Tracheostomy
3.1. After anesthetizing the mouse, shaving and disinfecting the surgical area, and securing it to a cutting board (TEXT: see text protocol for instructions), under a dissecting scope, make a 1 cm incision over the throat.  Dissect the underlying connective tissue and laterally separate and reflect the salivary glands (TEXT: this is a non-survival procedure).

3.1.1. SCOPE Talent makes 1 cm incision over throat

3.1.2. SCOPE Talent dissects the underlying connective tissue and laterally separates and reflects the salivary glands
3.2. Advance a 4:0 suture loop under the trachea then cut it to create two separate strands of suture.  

3.2.1. SCOPE Talent advances a suture loop under the trachea then cut it to create two separate strands of suture
3.3. Using two fingers, grasp the upper suture and apply gentle tension to the trachea.  Then make a horizontal incision that crosses ~2/3 of the tracheal circumference between the upper and lower sutures.

3.3.1. SCOPE Talent uses two fingers to grasp the upper suture and apply gentle tension to the trachea 

3.3.2. SCOPE Talent makes horizontal incision across trachea between upper and lower sutures
3.4. Insert a flanged tracheostomy tube into the distal trachea. Use the caudal tracheal suture to secure the tube in place (TEXT: ventilate the animal according to the text protocol).

3.4.1. SCOPE Talent inserts flanged tracheostomy tube into the distal trachea

3.4.2. SCOPE Talent secures tracheostomy tube with sutures
4. Venuous Catheterization
4.1. Identify the jugular vein by tracking its venous branches proximally. The external jugular is found underneath the reflected salivary glands; this can be traced proximally to find the external-internal jugular junction.  
4.1.1. SCOPE Talent tracks venous tracks of jugular vein proximally and locates the external jugular found underneath salivary glands (Videographer, have talent point out the salivary glands and the external jugular.  Editor, point out the salivary glands and then the external jugular)
4.2. Use gentle blunt dissection to separate the jugular junction from the surrounding connective tissue.
4.2.1. SCOPE Talent dissects the jugular function from the surrounding connective tissue (Videographer, have talent point out the jugular junction.  Editor, point out the jugular junction.)
4.3. Next, with 4:0 sutures, tie off the external jugular and internal jugular veins cranial to the jugular junction.  

4.3.1. SCOPE Talent ties off the external and internal jugular veins cranial to the jugular junction 

4.4. Then make a small incision into the carina of the jugular junction and incrementally advance two catheters through it and into the jugular trunk.  

4.4.1. SCOPE Talent makes a small incision in carina of jugular junction

4.4.2. SCOPE Talent advances jugular venous catheters into incision

4.5. After gentle aspiration to ensure blood return, use 4:0 sutures to secure the catheters within the vein.

4.5.1. SCOPE Talent removes aspirator as blood returns

4.5.2. SCOPE Talent sutures the catheters within the vein

5. Intravital Mouse Lung Microscopy Surgery
5.1. Once the mouse is transferred to the previously prepared microscopy stage (TEXT: refer to text protocol for details), extend the midline incision from the neck to the xyphoid process, then proceed laterally to the right side.

5.1.1. CU/ECU Talent extends the midline incision from neck to xyphoid process and proceeds laterally to the right side

5.2. Using electrocautery, remove the chest musculature to expose the thoracic cage, taking care to ensure complete hemostasis.

5.2.1. CU Talent removes chest muscles to expose thoracic cage

5.3. Cross the mouse’s right hindleg over the left side and tape it down.  The resulting abdominal torsion rotates the thorax slightly, improving ease of the surgery.

5.3.1. MED/CU Talent crosses mouse’s right hind leg over left and tapes it down (videographer: get enough footage for both sentences here)

5.4. Place the stage at a 45 degree angle to allow the lung to fall away from the chest wall once the pneumothorax is induced.
5.4.1. MED/CU Talent places stage at a 45 degree angle

5.5. Next, using forceps, grasp the 1st rib and bluntly push a curved forceps underneath the rib to separate the parietal pleura from the chest wall (TEXT: avoid puncturing pleura).  Then, to rupture the pleural surface and induce a pneumothorax without damaging the underlying lung, use the blow tube and a syringe to forcibly introduce air against the parietal pleura.  
5.5.1. ECU Talent uses forceps to grasps 1st rib and bluntly pushes a curved forceps underneath the rib to separate pleura from chest wall

5.5.2. ECU Talent uses blow tube and syringe to introduce air against parietal pleura

5.6. With electrocautery forceps, dissect the chest wall musculature and cut across the 5th and 6th ribs and parietal pleura, making a ~8 mm circular hole into the chest wall.  It is essential that complete hemostasis be maintained, as the presence of bleeding will obscure microscopy.
5.6.1. CU/ECU Talent dissects the chest wall muscles, cuts across 5th and 6th ribs and parietal pleura, and makes an 8 mm circular hole in chest wall
5.7. Using a needle driver, insert the thoracostomy tube into the chest wall hole.  The needle should puncture the chest wall and exit the thoracic cavity inferior and lateral to the thoracic window (TEXT: avoid puncturing diaphragm).
5.7.1. CU/ECU Talent inserts the thoracostomy tube into the chest wall hole and the needle punctures chest wall and exits thoracic cavity inferior and lateral to window

5.8. Gently pull the tube out of the chest wall until resistance is felt from the suture stopper located at the edge of the fenestrated portion of the tube.  Place the stage flat and add 3 cm of water positive end expiratory pressure to the ventilator to assist with lung expansion.
5.8.1. CU/ECU Talent gently pulls the tube out of the chest wall until resistance is felt from the suture stopper

5.8.2. MED/CU Talent places stage flat

5.8.3. MED/CU Talent adds water positive end expiratory pressure

5.8.4. CU/ECU Lung is expanded
5.9. Place glue circumferentially around the chest window.  Attach the membrane with the glass cover slip facing exterior to the thoracic cavity.  Using a cotton applicator, carefully approximate the membrane to the glue.

5.9.1. CU Talent places glue circumferentially around the chest window

5.9.2. CU Talent attaches the membrane with glass cover slip facing exterior to the thoracic cavity

5.9.3. CU Talent uses cotton applicator to approximate membrane to glue

5.10. While performing a lung recruitment maneuver, apply -3 millimeters mercury suction through the chest tube.  The lung should persistently approximate the membrane while freely moving during tidal ventilation.
5.10.1.   MED/CU Talent applies suction through chest tube

5.10.2. CU Lung approximates the membrane while moving freely
6. Measurement of the Pulmonary Endothelial Surface Layer Thickness

6.1. To volume-resuscitate as well as provide a tracer for measurement of the endothelial surface layer, or ESL, immediately after closing the chest wall, administer 500 ul of FITC labeled 150 kDa dextran via a jugular venous catheter.  
6.1.1. CU Talent administers FITC labeled dextran via jugular catheter

6.2. To visualize small differences in ESL thickness, choose an objective with a numerical aperture of > 0.8 that maintains a 2 - 3 mm working distance (TEXT: 16x/0.8 NA; 25x/1.1 NA).  After placing a drop of water on the cover slip, center the water immersion objective over it.  

6.2.1. CU Talent chooses objective

6.2.2. CU Talent centers objective over drop of water

6.3. To accurately measure ESL thickness in a moving organ, use an image splitter to simultaneously capture brightfield/DIC and FITC images.

6.3.1. MED/CU Image splitter on top of scope

6.3.2. SCREEN Rolling video of brightfield/DIC and FITC images

6.4. From an in-focus frame, identify subpleural microvessels.  Measure DIC and FITC-dextran vascular widths by averaging the lengths of three perpendicular intercepts per microvessel. 

6.4.1. SCREEN Talent identifies in focus image of subpleural microvessels 

6.4.2. SCREEN Vessel measured with three perpendicular intercepts

6.5. Assuming equal ESL thickness at both edges of the vessel, the ESL size can be defined by one-half the difference between DIC and FITC-dextran vascular widths.  See the text protocol for alternative measurement techniques and for the euthanization procedure. 

6.5.1. LAB MEDIA Center panel from schematic results figure showing the DIC and FITC widths
7. Representative ESL Measurement Results-(second to last section) 
7.1. Shown here are simultaneously-captured DIC and fluorescent images of the mouse subpleural microvasculature. Microvessel width is measured using the average of three perpendicular linear intercepts.  ESL thickness can be determined by one-half the difference between DIC microvessel widths, which are inclusive of the ESL, and fluorescent microvessel measurements, which are exclusive of the ESL.
7.1.1. LAB MEDIA Figure 10a  Editor, point out the parallel lines (intercepts) with the VO
7.2. DIC measurements accurately identify subpleural vessel wall borders, as demonstrated by nearly-identical DIC and GFP vessel width measurements performed in endothelial-fluorescent Tie2-GFP mice.  The solid line represents the line of identity.
7.2.1. LAB MEDIA Figure 10b
7.3. As demonstrated in this graph, the subpleural microvasculature can be followed longitudinally, as evidenced by the progressive loss of ESL thickness occurring after intravenous lipopolysaccharide.
7.3.1. LAB MEDIA Figure 10c
7.4. Glycocalyx integrity can be alternatively determined by assessing for anti-ICAM-1 microsphere adherence within the subpleural microvasculature.  As seen here, high-speed confocal microscopy captures adherent fluorescent microspheres 45 min after intravenous LPS.  Note that circulating microspheres can be seen passing through the microcirculation.  To improve visualization of microsphere localization, mice were pretreated with the vascular tracer TRITC-dextran in lieu of FITC-dextran.

7.4.1. LAB MEDIA Figure 11.wmv Editor, may want to slow this down to better see the microspheres
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 

8. 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.
8.1 Author name Eric Schmidt________: While attempting this procedure, it’s important to remember that DIC and fluorescent images must be captured simultaneously—even a slight delay between the two images will prevent accurate ESL measurement in a moving organ.
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 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.  

Lab Media Figure 10a, Figure 10b, Figure 10c, Figure 11.
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.

( 2010, Journal of Visualized Experiments


