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A. Microscopy: Does your protocol require JoVE to film through your microscope? N
B. Does your protocol include software usage? N
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.6., 2.8., 2.9., 3.1., 3.3., 3.4.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.1.-3.3., 3.5.

E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Sarah Lutz: This method enables the examination of protein dynamics in vivo within the intact central nervous system to address questions in neuroscience and immunology. 
1.2. Sarah Lutz: The main advantages of this procedure are an excellent motion stability for image acquisition, a brief surgical time, a reduced operator exposure to gaseous anesthesia, and inexpensive customizable backplates. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Elizabeth Pietruczyk: Visual demonstration of this method is critical, as it is difficult to remove the bone without damaging the closely underlying nervous system tissue during the laminectomy steps of the procedure.

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. 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 the University of Illinois at Chicago College of Medicine.
Protocol: (read by voice talent at JoVE)
2. Backplate 3D Printing and Laminectomy
2.1. [1A] Before beginning the procedure, use 3D computer-aided design software to create a model to the indicated dimensions [1B and 1-LM] and set the nozzle temperature to 205 °C, the bed temperature to 45 °C, and the printing speed to 45 mm/s on a 3D printer [2-WIDE]
2.1.1. A) Added Shot: Simon makes a short comment about 3D printing NOTE to Video Editor: This seems to be an interview statement, please insert it where it would make most sense, I’m guessing either before or after the VO.
2.1.1. B) Added Shot: Demonstration of the 3D computer-aided design software  (Solidworks) to create the model of indicated dimensions

2.1.1. JOVE R1 Fig1 no labels.ai: Video Editor: please show schematics only
2.1.2. Talent setting temperatures/printing speed using Idea Maker software
2.2. Use a 0.4-mm, hot-end nozzle and a 0.2-mm layer height to print the backplates [1-CU].
2.2.1. Backplate(s) being printed

2.3. Then assess the printed backplates visually for their structural integrity [1-MED]. Gross structural failures indicate printing defects [2-LM].

2.3.1. Talent turning backplates over in hand/checking backplates for structural integrity

2.3.2. JOVE R1 Fig1 no labels.ai: Video Editor: please show bottom right backplate image only
2.4. When the backplates are ready, place the head of an 8-12-week old, anesthetized mouse on a heat pad between the ear bars of a surgical restrainer [1-MED-TXT] and apply ointment to the animal’s eyes [2-ECU-TXT].
2.4.1. Talent placing mouse into restrainer (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: 2% isoflurane; Analgesia: carprofen 5 mg/kg s.c.)
2.4.2. Ointment being applied (TEXT: See text for full mouse preparation details)

2.5. After confirming a lack of response to toe pinch [1-ECU], use a #11 blade to make a 1.5-cm rostral to caudal midline incision over the lower thoracic-upper lumbar region [2-CU] and separate the skin from the peritoneum [3-ECU].
2.5.1. Toe being pinched

2.5.2. Incision being made

2.5.3. Skin being separated

2.6. Use forceps to peel back any remaining transparent connective tissue under the skin to expose the superficial musculature [1-CU] and displace the muscles with a foam surgical spear [2-CU] along with the remaining, deeper musculature of the target vertebra [3-ECU].

2.6.1. Connective tissue being peeled away

2.6.2. Superficial musculature being displaced

2.6.3. Target vertebra musculature being displaced

2.7. To create a seat for the backplate, clear the muscle from the posterior aspect of thoracic 11 and the anterior aspect of thoracic 13 [1-CU-TXT], using forceps to remove the remaining muscle from the tendons as necessary [2-ECU].
2.7.1. Muscle being cleared from vertebrae (TEXT: Control bleeding w/ surgical spear/minimal pulse cautery)

2.7.2. Muscle being removed from tendon(s)

2.8. When all of the muscle has been removed, carefully cut the tendons with forceps until sufficient space for visualizing and manipulating the spinal cord is achieved [1-CU] and confirm that the dura mater of the inter-vertebral space, the semi-transparent laminar bone, the central superficial blood vessel under the bone, and the anterior radiating artery are clearly visible [2-ECU].
2.8.1. Last few seconds tendons being cut/shot of space

2.8.2. Shot of space showing dura mater, semi-transparent laminar bone, central superficial blood vessel under bone, and anterior radiating artery (Video Editor: please emphasize dura mater, semi-transparent laminar bone, central superficial blood vessel under bone, and anterior radiating artery when mentioned as necessary/possible)

2.9. Wet the region with warm artificial cerebral spinal fluid [1-CU] and use a microdrill to thin the laminar bone, using straight strokes parallel to the long axis of the spinal cord [2-CU-TXT].

2.9.1. Region being hydrated

2.9.2. Bone being thinned (TEXT: Optional: Use gliding stage to rotate surgical platform for enhanced ergonomic comfort)

2.10. Gently grasping the superficial spinous process with forceps, lift the vertebra [1-ECU]. The bone should lift away easily [2-CU-TXT].
2.10.1.  Process being grasped

2.10.2.  Vertebra being lifted (TEXT: If resistance, repeat bone thinning w/ drill/iris scissors as necessary)
2.11. Use #4 forceps to clear away any bone shards [1-ECU], controlling any bleeding with a surgical spear and gentle, steady pressure as necessary [2-ECU]. 
2.11.1.  Bone shards being cleared

2.11.2.  Pressure being applied
2.12. Then rinse tissue with warm artificial cerebral spinal fluid [1-CU-TXT].

2.12.1.  Tissue being rinsed (TEXT: Do not allow tissue to dry out)

3. Cover Glass Implantation and Imaging
3.1. For cover glass implantation, gently apply a 3-mm borosilicate cover glass to the exposed cord [1-WIDE] and use a small spatula to apply 39 °C-warmed, 2% agarose to the edge of the glass [2-CU-TXT] and allow capillary action to draw the agarose under the cover glass surface [3-ECU].
3.1.1. Talent placing cover glass (Videographer: More Talent than mouse in shot)

3.1.2. Agarose being applied (TEXT: See text for material preparation details)
3.1.3. Agarose being pulled under cover glass surface

3.2. Apply tissue adhesive to the exposed bony articular processes of the intact adjacent vertebra at the thoracic level 11 and 13 vertebral spines [1-CU] and apply additional tissue adhesive in a ring around the laminectomy site, over the adjacent tendon, and the transverse process [2-CU].
3.2.1. Adhesive being applied to level 11 and 13 vertebral spines

3.2.2. Adhesive being applied to laminectomy site, adjacent tendon, and transverse process
3.3. Next, use new spatula to apply dental cement mixed with accelerant onto the tissue adhesive layer [1-ECU] and place a backplate onto the surgical field centered over the cover glass window [2-CU].
3.3.1. Dental cement being applied to adhesive

3.3.2. Backplate being placed

3.4. Elizabeth Pietruczyk: “Applying multiple, thin layers of dental cement results in a stronger backplate adhesion, but be sure to place the backplate quickly before the dental cement starts to dry.” [1-MED-interview style]
3.4.1. Elizabeth Pietruczyk, speaking the above interview style

3.5. After allowing the dental cement to cure for 10 minutes [1-ECU/CU], fill in the interior base and underside of the backplate with additional adhesive [2-CU].
3.5.1. Shot of cured cement OR Timer being set for 10 minutes

3.5.2. Cement being added to interior base/underside of backplate

3.6. Sarah Lutz: “Applying the dental cement in thin layers can help reduce the risk of the cement spreading to the cover glass and agarose, which can compromise the entire protocol.” [1-MED-interview style]
3.6.1. Sarah Lutz, speaking the above interview style (looking just off-camera)
3.7. When the dental cement has dried, apply a forked backplate holder to the appropriate position over the window [1-ECU] and screw the backplate into the backplate holder [2-CU].

3.7.1. Holder being advanced

3.7.2. Backplate being secured 
3.8. Then apply saline to the backplate to test for leakage [1-CU-TXT]. 
3.8.1. Saline being applied (TEXT: Dry leaks/apply more dental cement as necessary) 

3.9. The animal and the surgical platform can then be transferred to the optical table of the two-photon microscope for imaging through the cover glass window [1-MED]. 
3.9.1. Talent placing animal and surgical platform onto 2-photon microscope stage (Videographer: More Talent than mouse in shot)
4. Results: Representative Tight Junction Microvasculature Intravital 2-Photon Microscopic Imaging 
4.1. In this representative experiment, eGFP-positive Claudin-5 was visualized within the fluorescently labeled tight junctions throughout a vascular plexus [1-LM].
4.1.1. JOVE R1 Fig4 no labels.ai: Video Editor: please emphasize areas indicated by red arrows in original Figure 4A
4.2. The clear delineation of the tight junction structures in the Z-projection indicates that minimal X‒Y image displacement is produced after a successful laminectomy, window placement, and backplate implantation [1-LM].
4.2.1. JOVE R1 Fig4 no labels.ai: Video Editor: please emphasize area indicate by red arrows in original Figure 4B
5. Conclusion (said by authors on camera):
5.1. Elizabeth Pietruczyk: While attempting this procedure, it’s important to remember that this microsurgery is difficult and may take time to master. However, once mastered, this surgery can be performed in approximately 30 minutes.  
5.2. Sarah Lutz: Following this procedure, other methods, like two-photon microscopy and in vivo imaging, can be performed to answer additional questions about neurovascular remodeling and other disease processes involving the spinal cord.  
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
JOVE R1 Fig1 no labels.ai
JOVE R1 Fig4 no labels.ai
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 in the email accompanying the finalized script.
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