[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 61099 
Scriptwriter Name: Bridget Colvin 
Project Page Link: http://www.jove.com/files_upload.php?src=18635243

Title: Three-Dimensional Imaging of the Vertebral Lymphatic Vasculature and Drainage Using iDISCO+ and Light Sheet Fluorescence Microscopy

Authors and Affiliations: Laurent Jacob1, *, Jose de Brito Neto1,2, *, and Jean-Leon Thomas1,3
*These authors contributed equally to the work

1Université Pierre et Marie Curie Paris, Sorbonne Université, Institut du Cerveau et de la Moelle Epinière
2Instituto de Ciências Biomédicas, Universidade Federal do Rio de Janeiro
3Department of Neurology, Yale University School of Medicine

Corresponding Author: 
[bookmark: _Hlk25233958]Jean-Leon Thomas	
jean-leon.thomas@yale.edu 

Co-authors:
laurent.jacob@icm-institute.org
jose.debrito@icm-institute.org





Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  Y
If Yes, can you record movies/images using your own microscope camera? Y

2. Software: Does the part of your protocol being filmed demonstrate 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. Please upload all screen captured video files to your project page AS SOON AS POSSIBLE. Note that your video cannot be published without these files.
Videographer: Please film screen captures

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Shots: 56


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Laurent Jacob: Our protocol provides three dimensional and large-scale views of vertebral lymphatic vessels and their draining lymph nodes, facilitating the study of lymphatic drainage and the lymphatic traffic of immune cells [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

REQUIRED: 
1.2. Laurent Jacob: The iDISCO+ clearing protocol preserves tissue integrity, allowing localization of the neural, vascular, and immune cells of the vertebral column, including the spinal cord, meninges, epidural space, and draining lymph nodes [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator on Camera

1.3. Laurent Jacob: Demonstrating the procedure with me will be Jose de Brito Neto, a visiting professor from the Federal University of Rio de Janeiro [1][2].

1.3.1. INTERVIEW: Author saying the above
1.3.2. Named demonstrator(s) looks up from workbench or desk or microscope and acknowledges camera

Ethics Title Card

1.4. Procedures involving animal subjects have been approved by Ethical Committee at INSERM.


Protocol
2. Intra-Cisterna Magna (ICM) and Thoracolumbar (ThLb) Injection
2.1. After confirming a lack of response to pedal reflex in an anesthetized, 8-12-week-old mouse [1-TXT], place the mouse in a stereotaxic frame [2] and use a scalpel to make a skin incision in the appropriate region for the planned injection [3-TXT].
2.1.1. WIDE: Talent pinching toe Videographer: More Talent than mouse in shot TEXT: Anesthesia: 2-3% isoflurane; Analgesia: 0.015 mg/mL i.p.
2.1.2. Talent placing mouse into frame Videographer: More Talent than mouse in shot
2.1.3. Incision being made TEXT: e.g., ICM injection: occipital region; ThLb spinal parenchyma injection: Th10-L3

2.2. Use a spinal adaptor to immobilize the spinal cord at the Th12-L1 vertebral level [1] and blunt dissect the paracervical or paraspinal muscles covering the neck and the column to visualize the surface of the dura mater [2].

2.2.1. Adaptor being placed Videographer: Important step
2.2.2. Muscle being dissected Videographer: Important step

2.3. Then use a 26-gauge needle to carefully punctate the central area of the dura mater and underlaying arachnoid [1]. 

2.3.1. Dura mater being punctured Videographer: Important/difficult step

2.4. Next, cut 2 millimeters from a glass capillary tip [1] and connect the capillary to a cannula linked to a 10-microliter syringe [2].

2.4.1. Tip being cut
2.4.2. Capillary being connected cannula

2.5. Load the microcapillary with 2-8 microliters of the fluorescent tracer of choice [1-TXT] and introduce the microcapillary into the medial region of the dura mater at the appropriate angle for the planned injection [2-TXT], pushing the capillary 1.5 millimeters below the dura mater [3].

2.5.1. Capillary being loaded, with tracer containers visible in frame TEXT: e.g., OVA-A555 or anti-LYVE1 Ab  
2.5.2. Capillary being introduced TEXT: i.e., ICM injection: 30 ° angle; ThLb injection: 10° angle
2.5.3. Capillary being pushed below dura mater Videographer: Important step

2.6. Close the incision around the capillary with 10 microliters of surgical glue [1]. 

2.6.1. Glue being applied/Incision being closed
	Comment by Bridget Colvin: Authors: If you do not want to show this step, we need to change the text for next step. Please let me know what you would like to do.
2.7. When the glue has dried, slowly inject the fluorescent tracer at a rate of 1 microliter/minute [1].

2.7.1. Tracer being injected

2.8. When the entire volume has been delivered, leave the capillary in place for 1 minute, before retracting the microcapillary [1] and closing the injection hole with additional glue [2-TXT].

2.8.1. Shot of capillary, then capillary being retracted
2.8.2. Hole being closed TEXT: See text for full post surgical care details

3. Perfusion and Tissue Dissection

3.1. At the appropriate time point after the injection, use dissection scissors to make skin and peritoneal incisions from the lower abdomen to the thoracic cage [1-TXT].

3.1.1. WIDE: Talent making incisions Videographer: More Talent than mouse in shot TEXT: Euthanasia: sodium pentobarbital overdose

3.2. Open the thoracic cage to access the heart [1] and insert a 26-gauge needle into the left ventricle of the heart [2].

3.2.1. Cage being opened
3.2.2. Needle being inserted

3.3. Perfuse with 20 milliliters of ice-cold 4% paraformaldehyde in PBS at rate of 2 milliliters/minute [1] and use scissors to rapidly cut the right atrium, releasing the perfusion fluid stream [2].

3.3.1. PBS being infused
3.3.2. Artium being cut/fluid being released

3.4. [bookmark: _Hlk30513958]Use forceps to completely remove the skin [1] and remove the limbs with scissors [2].

3.4.1. Skin being removed Videographer: minimize whole mouse during skin removal
3.4.2. Scissors being placed around limb Videographer: minimize limb removal in shot

3.5. Remove all of the internal organs, taking care to leave the lymph nodes intact [1], and cut the ribs [2] to allow removal of the vertebral column and spinal cord from the cervical to the lumbar segments [3].

3.5.1. Talent placing organ into collection container, with PFA container visible in frame
3.5.2. Ribs being cut
3.5.3. Column being dissected/removed

3.6. Immerse the dissected tissues in ice-cold 4% paraformaldehye in PBS in individual 50-milliliter tubes overnight at 4 degrees Celsius [1] before after washing the fixed tissues three times in 50 milliliters of fresh PBS for 5 minutes per wash [2-TXT].

3.6.1. Talent placing tube(s) at 4 °C
3.6.2. Talent washing organ, with PBS container visible in frame TEXT: See text for whole mount sample preparation details

4. Whole Mount Vertebral Segment Immunolabeling-Enabled Imaging of Solvent-Cleared Organs-Plus (iDISCO+) 

4.1. For iDISCO (eye-disco)-plus labeling of whole mount samples [1-TXT], first dehydrate the tissues with successive immersions in ascending concentrations of methanol in PBS for 1 hour per immersion with agitation at room temperature [2-TXT].

4.1.1. WIDE: Talent adding methanol to container(s) Videographer: Important step TEXT: See http://www.idisco.info for full iDISCO+ details
4.1.2. Talent adding sample to one methanol concentration Videographer: Important step TEXT: 20% -> 40% -> 60% -> 80% -> 100% MEtOH

4.2. After the last immersion, incubate the samples in a 33% methanol-66% dichloromethane solution overnight with agitation [1].

4.2.1. Talent adding sample to solution, with methanol and DCM containers visible in frame

4.3. The next morning, wash the samples two times with 100% methanol for 1 hour per wash at room temperature [1] followed by an overnight incubation in 5% hydrogen peroxide in methanol at 4 degrees Celsius overnight [2].

4.3.1. Talent adding sample to methanol, with methanol container visible in frame
4.3.2. Talent adding sample to H2O2, with H2O2 container visible in frame

4.4. The next morning, rehydrate the samples gradually in sequential immersions in descending concentrations of methanol in PBS for 1 hour per concentration with agitation at room temperature [1-TXT].

4.4.1. Shot of sample(s) on agitator, with methanol visible in frame as possible TEXT: 80% -> 60% -> 40% -> 20% MEtOH 

4.5. To decalcify the vertebrae, incubate the samples in Morse’s solution for 30 minutes at room temperature [1-TXT] followed by two rinses in PBS [2] and two, 1-hour incubations in 0.2% Triton X-100 in PBS with agitation at room temperature [3].

4.5.1. Talent placing sample into Morse’s solution, with solution container visible in frame TEXT: See text for all solution preparation details
4.5.2. Samples being rinsed, with PBS container visible in frame
4.5.3. Talent placing samples into PTx2solution, with PTx2 solution container visible in frame

4.6. After the second Triton X-100 incubation, treat the samples with permeabilization solution for 24 hours at 37 degrees Celsius [1] followed by a 24-hour incubation in blocking solution at 37 degrees Celsius [2].

4.6.1. Talent placing samples into permeabilization solution, with permeabilization container visible in frame
4.6.2. Samples being placed into blocking solution, with blocking solution container visible in frame

4.7. At the end of the blocking solution incubation, label the samples with primary antibody diluted in a 0.2% Tween-20 and 0.1% heparin in PBS supplemented with 5% dimethyl sulfoxide and 3% donkey serum solution at 37 degrees Celsius for 6 days [1].

4.7.1. Talent adding antibody to sample(s), with antibody and PThW containers visible in frame

4.8. At the end of the incubation, wash the samples with 4-5 overnight incubations in fresh 0.2% Tween-20 and 0.1% heparin in PBS per wash at room temperature with agitation [1].

4.8.1. Samples on agitator, with Tween-20, heparin, and PBS containers visible in frame

4.9. After the last wash, dehydrate samples with successive immersions in ascending concentrations of methanol in PBS for 1 hour per concentration [1-TXT] followed by an overnight incubation in 33% methanol-66% dichloromethane solution [2].

4.9.1. Talent placing sample into methanol concentration TEXT: 0% -> 20% -> 40% -> 60% -> 80%, 100% x2 MEtOH
4.9.2. Talent placing sample into MEtOH + DCM solution, with MEtOH and DCM containers visible in frame

4.10. The next morning, wash the samples with two, 15-minute dichloromethane washes [1] and clear the samples in dibenzyl ether without shaking for 4 hours [2].

4.10.1. Talent adding DCM to sample(s), with DCM container visible in frame
4.10.2. Sample being placed into DBE, with DBE container visible in frame

4.11. Then transfer the samples into fresh containers of dibenzyl ether at room temperature until imaging [1].

4.11.1. Cleared sample being placed into DBE, with DBE container visible in frame Videographer: Important step

5. Light Sheet Fluorescence Microscopy (LSFM) imaging 

5.1. For light sheet fluorescence microscopy imaging, place the cleared samples in a transversal plane on the microscope stage under a 4x/0.3 objective [1] and select a single sided three sheet illumination configuration with a fixed x position without dynamic focusing [2].

5.1.1. WIDE: Talent placing sample onto LFSM stage
5.1.2. Talent selecting 3 sheet illumination and fixed position, with monitor visible in frame

5.2. Use LED lasers tuned to 561 nanometers and 100 milliwatts and 64039 nanometers and 70 milliwattrs and set the light sheet numerical aperture to 0.03 [1].

5.2.1. SCREEN: To be provided by Authors: Laser(s) being selected, then aperture being set

5.3. See the appropriate emission filters [1] and fill the microscope chamber with dibenzyl ether [2].

5.3.1. SCREEN: To be provided by Authors: Filter(s) being set
5.3.2. Talent filling chamber 

5.4. Next, use the camera to aquire stacks with 2.5-micrometer z-steps and a 30-milliseond exposure time per step, using the x2 optical zoom and 0.8 micrometers/pixel, and perform the mosaic acquisitions with a 10% overlap on the full frame [1].

5.4.1. SCREEN: To be provided by Authors: Z-stack being acquired, then mosaic being acquired

5.5. Acquire images in .tif format and convert them into 3D format with an appropriate full conversion software program [1].

5.5.1. SCREEN: To be provided by Authors: Imge(s) being acquired, then image(s) being converted

5.6. To reconstruct the mosaics aquisition with stitcher software, open the images and manually arrange the images to reconstitute the whole mosaic picture, using the 10% overlap between the images as a guide [1].

5.6.1. SCREEN: To be provided by Authors: Images being opened and arranged

5.7. Then use 3D software to generate orthogonal projections of the data, adding a color code attribute to the lymphatic vessels and the other anatomical structures on display, and set a gamma correction of 1.47 to the raw data obtained from the light sheet fluorescence microscopy according to the manufacturer’s instructions [1].

5.7.1. SCREEN: To be provided by Authors: Projections(s) being generated, color coded being added, and gamma correction being set



Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
2.2., 2.3., 2.5.3., 4.1., 4.11.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.3.


Results
6. Results: Representative Three-Dimensional Imaging of the Vertebral Lymphatic Vasculature and Drainage

6.1. The combination of iDISCO-plus with light sheet fluorescence microscopy preserves the vertebral anatomy and allows capture of the lymphatic vasculature within the surrounding bones, ligaments, muscles, and nerve ganglia [1].

6.1.1.  LAB MEDIA: Figure 1B

6.2. The injection of a small, red fluorescent tracer into either the cerebrospinal fluid, the  cisterna magna [1], or the thoracolumbar region of the spinal cord [2] results in tracer accumulation within the deep cervical lymph nodes 45 minutes after injection [3], indicating the uptake and drainage of the tracer by the lymphatic system [4].

6.2.1. LAB MEDIA: Authors: Please upload the images from Figures 2B and 2C together in a new file to your project page without the B, C, white arrow, asterisk, or arrowhead labels by your script return deadline Video Editor: please emphasize Figure 2B
6.2.2. LAB MEDIA: Figures 2B and 2C Video Editor: please emphasize Figure 2C
6.2.3. LAB MEDIA: Figures 2B and 2C Video Editor: please add white arrowheads/emphasize red signal indicated by white arrowheads in original Figures 2B and 2C
6.2.4. LAB MEDIA: Figures 2B and 2C 

6.3. Tracer injection into the thoracolumbar spinal parenchyma results in tracer accumulation within spinal cord tissues and deep cervical draining lymph nodes [1] but not in the cervical and thoracic lymphatic vasculature labeled with anti-LYVE1 (L-Y-V-E-one) antibodies [2].

6.3.1. LAB MEDIA: Authors: Please upload the images from Figures 3B and 3C together in a new file to your project page without the B, C, white arrow, or asterisk labels by your script return deadline Video Editor: please add white arrows/emphasize red signal indated by white arrows in original Figure 2B
6.3.2. LAB MEDIA: Figures 3B and 3C Video Editor: please emphasize green signal in Figure 3C TEXT: LYVE-1: Lymphatic Vessel Endothelial Hyaluronan-1

6.4. Anti-LYVE1 injection into the thoraco-lumbar spinal parenchyma results in labeling of both the vertebral lymphatics [1] and their extravertebral lymphatic connections [2], substantiating the tracer uptake by vertebral lymphatic vessels and the lymphatic drainage toward the extravertebral lymphatic system [3].

6.4.1. LAB MEDIA: Authors: Please upload the image from Figures 4B to your project page without the B, yellow arrow, double yellow, or asterisk labels by your script return deadline Video Editor: please emphasize purple staining indicated by single yellow arrows in original Figure 4B/add single arrows as in original Figure 4B
6.4.2. LAB MEDIA: Figure 4B Video Editor: please emphasize purple staining indicated by double yellow arrows in original Figure 4B/add double arrows as in original Figure 4B
6.4.3. LAB MEDIA: Figure 4B


Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Jose de Brito Neto: Be sure to perform the tracer injection very carefully so as not to disturb the CSF and to adapt the iDISCO+ protocol to the size of the samples [1].

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (2.5.2., 2.5.3., 4.1.) 

7.2. Jose de Brito Neto: After tracer injection into the central nervous system, classic in vivo or live imaging experiments can be performed in conjunction with the iDISCO+ protocol to detect different cell populations [1].

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Can cut for time
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