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Title: Transplantation of olfactory ensheathing cells to evaluate functional recovery after peripheral nerve injury
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, Zeiss microscope OPMI ORL for step 1.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: Recurrent laryngeal nerve anastomosis (P1), laryngoscopy (P3) and electromyography (P3).

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

The trickiest part is the recurrent laryngeal nerve anastomosis, success can only be evaluated by view after the surgery. 
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.  
Procedural Narrative:
The overall goal of this procedure is to present a model of cellular transplantation based on the use of olfactory ensheathing cells in a laryngeal nerve injury model.
This is accomplished by first sectioning and performing anastomosis of the recurrent laryngeal nerve. (P1, Editor, begin with the left hand figure in P1.  If possible, for the sectioning, begin with the two pieces of the nerve together, bring in the razor blade, make the cut, then separate the two pieces.  For the anastomosis, remove the razor, transition to the middle panel with the strings, then bring the two pieces of the nerve together as in the right hand panel above the P2).
Next, the olfactory ensheathing cells, obtained from olfactory mucosa or olfactory bulbs, are transplanted. (P2 Editor, bring in the round circles and ‘insert’ them into the suture site.)
Then, two to three months after surgery, the animals are evaluated by laryngoscopy and electromyography. (P3, Editor, bring in the left hand panel in P3 for the laryngoscopy and then the right hand panel of the muscle and the computer screen beneath it in P3 for the electromyography.  Bring them in without the needle and then quickly insert the needle.)
Finally, the recurrent laryngeal nerve is isolated for histological studies (P4, Editor, transition to the panel in P4 and zoom in slightly).
Ultimately results can be obtained that show olfactory ensheathing cells improving axonal regrowth of the recurrent laryngeal nerve and functional recovery of the vocal cords through laryngoscopy, electromyography and histological measurements. (P5, Editor, scroll vertically  through the panels in P5, beginning with the top two circles for the laryngoscopy, then the middle, pink panel for the electromyography, then the bottom panel for the histological measurements).
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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 Alexandre Paviot: This method can help answer key questions in the field of peripheral nerve injury that involve the measure of axonal regrowth and the ability to quantify functionality of this recovery.  

1.2) Author name Celia Duclos: Generally, individuals new to this method will struggle, because recurrent laryngeal nerve anastomosis requires microsurgical skills.
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. Recurrent Nerve Anastomosis
2.1. After generating GFP labeled primary cultures of olfactory bulbs, or OB, and olfactory mucosa, or OM (TEXT: OB and OM) as outlined in the written protocol, prepare for surgery by autoclaving all instruments.  Disinfect the skin with alternating washes of alcohol and betadine solution (TEXT: 3X). 
2.1.1. LAB MEDIA Figure 1A and B - Editor, label 1A as OB and 1B as OM - represents TEXT above

2.1.2. WIDE Talent places instruments in autoclave

2.1.3. MED/CU Talent disinfects site with alcohol and then betadine MED Talent places anesthetized rat on bench 
2.1.4. CU Talent performs a toe pinch 
2.2. Once the rat has been anesthetized by intraperitoneal injection of ketamine and chlorpromazine (TEXT: see text protocol for details), verify its level of sedation by performing a toe pinch.  
2.2.1. MED Talent places anesthetized rat on bench CU Talent shaves surgical site
2.2.2. CU Talent performs a toe pinch CU Talent places rat on its back
2.2.3. MED/CU Talent disinfects site with alcohol and then betadine
2.2.4. WIDE Talent arranges surgical instruments at sterile surgical environment
2.3. Shave the surgical site and place the rat in dorsal decubitus. After that, assemble a sterile surgical environment and maintain sterile procedures throughout surgery. Use a scalpel to make a 2 cm medial cervical cutaneous incision. 
2.3.1. CU Talent places rat on his back CU Talent makes 2 cm cervical cutaneous incision 
2.3.2. CU Talent shaves surgical site CU Talent makes incision of the infrahyoid muscles
2.3.3. CU Talent uses retractor to expose larynx and then RLN
2.3.4. CU Talent makes 2 cm cervical cutaneous incision 

2.4. Next, following the medial white line, perform a vertical incision of the infrahyoid muscles.  Using an autostatic retractor between the infrahyoid muscles, expose the larynx and then the recurrent laryngeal nerve, or RLN.   
2.4.1. CU Talent makes incision of the infrahyoid muscles CU Talent uses microscissors to cut the RLN at the level of the 7th tracheal ring - Videographer, have talent point out the 7th tracheal ring - Editor, point out the 7th tracheal ring
2.4.2. CU Talent uses retractor to expose larynx and then RLN

2.5. Then, under a surgical microscope, use microscissors to cut the nerve fully at the level of the seventh tracheal ring.With one point of 11.0 suture, perform anastomosis to denervate the larynx.

2.5.1. CU Talent uses microscissors to cut the RLN at the level of the 7th tracheal ring - Videographer, have talent point out the 7th tracheal ring - Editor, point out the 7th tracheal ring            
2.5.2. ECU Talent uses suture to perform anastomosis to denervate the larynx 
3. Cell Transplantation
3.1. Just before transplantation, use 0.05% trypsin EDTA to remove the OB and OM cells from the dishes.  Then, to stop the digestion, add 5 ml of warm medium (TEXT: DMEM/F12, FBS, pen/strep).

3.1.1. MED Talent under hood adds trypsin to dishes of cells - have dishes labeled and trypsin labeled and visible

3.1.2. CU Talent adds warm medium to dishes to stop digestion
3.2. After centrifuging the cells at 432g for 5 minutes, use a hemocytometer to count the cells and adjust the cellular concentration.  In this model, between 1.2 and 6 x 106 cells in 30 (L of DMEM/F12 were used.

3.2.1. MED Talent removes cells from centrifuge

3.2.2. WIDE Talent at scope places hemocytometer on stage and begins to count cells

3.2.3. CU Talent adjusts cell concentrations with medium
3.3. In a microfuge tube, prepare a 1:2 ratio of cells to growth factor-reduced-Matrigel (TEXT: Ex: 30 (L cells: 60 (L Matrigel) and place on ice.

3.3.1. CU Talent pipettes up cells in medium and expels them into tube of matrigel

3.3.2. MED Talent places tube on ice

3.4. Just prior to the transplantation, remove the tube from the ice and hold it to warm the mixture.  

3.4.1. CU Talent takes tube from ice and warms it in hand

3.5. Using a pipette, depose the cell/matrigel solution on the anastomosis site and allow the mixture to self-assemble on the injured nerve.  When it is set, use 4.0 sutures to close the muscles and skin.

3.5.1. CU Talent adds cells in matrigel to anastomosis site - videographer hold the shot of the solution on the nerve for a few seconds

3.5.2. CU Talent closes muscles

3.5.3. CU Talent closes skin
3.6. Place the rat in an individual cage and keep it under a heating lamp for 24 hours. Administer analgesics (TEXT: 5 mg/kg Nalbuphine) for the next 5 days. 
3.6.1. MED Talent places rat in cage under heating lamp

3.6.2. CU Shot of Nalbuphine bottle and syringe on sterile bench
4. Laryngoscopy and Electromyography

4.1. Approximately two months after surgery, after anesthetizing rats as described earlier in this video, use a toe pinch to confirm sedation. 

4.1.1. MED Talent places rat on sterile bench and performs a toe pinch 

4.2. Place the rat in dorsal decubitus before inserting a 30° videolaryngoscope, adjusted to provide the best view of the larynx.  
4.2.1. MED Talent places rat on back

4.2.2. CU Talent inserts videolaryngoscope and adjusts to get best view of larynx

4.3. To reproduce the same view for each recording, determine anatomical landmarks such as the posterior commissure, the right vocal cord where it inserts into the vocal apophysis of the arytenoid, and the left vocal cord where it inserts into the vocal apophysis of the arytenoid.
4.3.1. ECU/SCREEN View of landmarks: posterior commissure, the right vocal cord at its insertion with the vocal apophysis of the arytenoid, and the left vocal cord at its insertion with the vocal apophysis of the arytenoid - have talent point these out - Editor point out the landmarks with the VO
4.4. Record vocal cord movements by selecting three sequences of successive maximal adduction and maximal abduction.
4.4.1. SCREEN/LAB MEDIA Talent records vocal cord movements by selecting maximal adduction and abduction sequences (Authors will provide media of recordings for 4.3 - 4.5)
4.5. To analyze laryngeal function, determine absolute angular movement by measuring the difference between the movement of maximal abduction and maximal adduction of the vocal cords.  
4.5.1. LAB MEDIA Calculation of absolute angular movement
4.6. Determine the dynamic score by measuring the movement amplitude and the functional score by measuring the synkinesis and paradoxal movements. 
4.6.1. SCREEN/LAB MEDIA Talent measures dynamic score by measuring movement amplitude and then functional score by measuring synkinesis and paradoxal movements
4.7. To carry out electromyography, place an electrode on the hamstring muscle of the rat. 

4.7.1. CU Talent places electrode on hamstring 

4.8. After exposing the larynx and trachea as demonstrated for recurrent nerve anastomosis, expose the cricothyroid cartilage.
4.8.1. ECU Talent completes exposing larynx and trachea

4.8.2. ECU Talent exposes cricothyroid cartilage - have talent point this out - Editor, point out the cricothyroid cartilage
4.9. Next, using microscissors, open the cricothyroid cartilage to expose the posterior cricothyroid, or PCA muscle.
4.9.1. CU Talent uses microscissors to expose the PCA muscle - have talent point out PCA - Editor, point out PCA (TAKE N°2)
4.10. Insert a monopolar needle electrode (TEXT: 38×0.45 mm) into the muscle.
4.10.1.1. CU Talent inserts monopolar needle electrode into muscle 
4.11. With the animal under spontaneous ventilation, use an acquisition system to record the electrical muscular activity of the PCA muscle (TEXT: refer to text protocol for details).

4.11.1. MED Talent turns on acquisition system

4.11.2. WIDE Talent records activity of PCA muscle (if possible, have rat and system visible at same time)
4.12. Analyze the muscular activity in terms of richness and synchronization with the respiration by assigning a qualitative score from 0 to 3 using the following scale: 0 equals an unrhymed tracing, without increase during inspiration, 1 equals a rhymed tracing with inspiration increasing, but poor tracing, 2 equals a rhymed tracing with richer activity, and 3 equals a rhymed tracing that’s very rich, constituting an interference pattern, similar to a maximal intentional activity. 
4.12.1. LAB MEDIA EMG scale.tif  Editor, point out the panels of the figure with the VO
4.13. Next, to avoid damaging the RLN because of its small size, expose the vagus nerve. Then attach an electrode, and stimulate at this site. 

4.13.1. ECU Talent exposes the vagus nerve

4.13.2. ECU Talent attaches an electrode
4.13.3. CU Talent stimulates site and records activity
4.14. Record the latency and potential duration in the PCA muscle.  

4.14.1. LAB MEDIA Figure 3 (panels C through G) from PLoS One: 2011; 6(8):e22816 (reference #11 in this video) Editor, label the panels with the following:  C - Control; D - Reinnervated control; E - Reinnervated-OM; F - Reinnervated-OB; G - Reinnervated OM + OB
4.15. Finally, after euthanizing the animal using a pentobarbital overdose, under a microscope, locate the anastomosis suture and remove the distal stump of the RLN between the anastomosis and larynx.  Perform histological analysis according to the text protocol. 
4.15.1. CU Talent locates the anastomosis suture (TAKE N°2)
4.15.2. CU Talent removes the distal stump of RLN - Videographer, get enough footage for the last sentence of the VO too during the dissection (TAKE N°2)
5. Representative Peripheral Nerve Injury and Recovery After Transplantation Results-(second to last section) 
5.1. Shown here after transplantation of cells from primary cultures of olfactory mucosa and olfactory bulbs are examples of EMG traces obtained in the PCA muscle during respiration. Animals of the control group (A) presented a rich electrical muscular activity, with an increase during inspiration that was not present in the re-innervated group (B).
5.1.1. LAB MEDIA Figure 4A and B, Editor, point out the control and then the reinnervated group with the VO
5.2. In this figure, histological analyses of the RLN by toluidine blue staining show typical fiber profiles from normal, reinervated and transplanted animals.  This measurement allows quantification of the number of myelinated fibers, the mean size of the fibers, and the mean thickness of the myelin.
5.2.1. LAB MEDIA Figure 4 (D - H) from PLoS One: 20011; 6(8):e22816 (reference #11 in this video) - Editor label the panels with the following (D): control; (E) reinnervated control; (F) reinnervated-OM; (G) reinnervated-OB; (H) reinervated-OM+OB treated
5.3. As shown here, to complete the histological analyses, tracking of GFP positive cells was performed after intra-nervous transplantation in the sciatic nerve.  This site was chosen rather than the RLN because the RLN’s small size prevents intra-nervous transplantation.
5.3.1. LAB MEDIA Figure 5C
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 

6. 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.
6.1 Author name Alexandre Paviot: Once mastered, anastomosis of the recurrent laryngeal nerve can be done in 15 min if it is performed properly.
6.2 Author name Axel Honoré: After its development, this technique paved the way for researchers in the field of peripheral nerve injury to explore the use of cellular transplantation in a rat model.
6.3 Author name Celia Duclos: After watching this video, you should have a good understanding of how to transplant cells in a recurrent laryngeal nerve injury model and to how evaluate functional recovery of the vocal cords through laryngoscopy, electromyography and histological measurements.
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.  

Insert your media filenames here.

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.
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