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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) YES  (If you can record images/videos using your own camera/software, then mark No)  If yes, please list make and model of your microscope: Leica MZ6
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) NO 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. The most important steps are from 4.4 to 4.10.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. The most difficult aspects are steps 4.6 and 4.9. To increase the chances of  success it is advisable that the operator may not be disturbed during such procedure and work relaxed.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? A short walk; The two working places  are locatedon the same floor

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):


Procedural Narrative:
The overall goal of this procedure is to  describe in detail a contusion model of spinal cord injury in mice followed by a transplantation of neural stem cells __ . (Intro)

This is accomplished by first labeling post mortem neural precursor cells, or PMNPCs, with the vital tracer PKH26. (P1, Editor, use slide 1 here.  Begin with the Petri dish with the cells on the left.  Add in the arrow that says PKH26, then bring in the tube with the red dots at the bottom and the zoomed in box.)

Next, a dorsal incision is made on the mouse and the spinal cord is exposed. (P2, Editor, use slide 2 here.  Begin with the mouse on the left.  Then bring in the scalpel and cut along the black line as shown on the mouse’s back.  Then remove the scalpel and transition to the red opening shown on the mouse on the right.)

Then, an Infinite Horizon, or IH impactor device is used to create a lesion on the spinal cord. (P3, Editor, use slide 3 here.  Beginning with the mouse at the end of P2, bring in the image at the top right of slide 3, then bring in the blue screwdriver-like structure over the mouse’s incision.  Then transition from slide 3 to slide 4.)

Finally, the PKH26-labeled PMNPCs are injected into the tail vein of the mouse. (P4, Editor, transition to the mouse in slide 6 that has the incision sutured.  Then, bring in the syringe and inject the red dots into the tail.)

Ultimately, the fate of engrafted PKH26 PMNPCs at the lesion site is followed  (P5, Editor, bring in the top box shown in Slide 6 that shows the red dots in the tube.  )



Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  


1.1. Author name Alfredo Gorio: This injury model replicates the two phases of traumatic spinal cord injuries in man. The primary one, that is followed by the progressive secondary degeneration where the pharmacological and cellular therapies are investigated.
1.2. Author name __Stephana Carelli_: The described applications may provide the methodological bases to obtain further insights into fate and action of stem cell transplanted into a spinal cord while degeneration and inflammatory events are taking place. 
1.3. **Author name Prof. Alfredo Gorio: Demonstrating the lesion will be Dr. Toniella Giallongo a PhD student from my laboratory and the tail vein injection will be performed by Dr. Claudio Gerace a post doc. 
1.3.1. Interview style: Author saying the above 
1.3.2. 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. Preparation of Cells for Transplantation

2.1. Beginning with neural stem cells that meet the criteria described in the text protocol, resuspend the cells to a concentration of 1x106 cells/150 microliters.  Prepare at least 1.2x106 cells per mouse to have enough cells for loading syringes.
2.1.1.  WIDE Talent under laminar flow hood resuspends cells 
2.1.2. MED/CU Talent prepares cells for loading pipette 

2.2. With neural stem cell medium, wash the cells 3 times in a 10 ml conical vial, spinning at 500 x g for 5 minutes at room temperature to pellet the cells after each wash.  Before the final spin, count the cells.
2.2.1. CU Talent resuspends stem cells with HBSS in a 10 ml vial
2.2.2. MED Talent adds tubes to centrifuge; B need another version of talent placing stained cells into centrifuge for 2.7.2 below
2.2.3. CU Talent sets speed and time for centrigufe

2.3. Then, after spinning, aspirate the supernatant leaving ~25 microliters of liquid to prevent aspirating any cells. 
2.3.1. CU/ECU Talent aspirates supernatant and leaves about 25 microliters

2.4. Next, prepare a 2X suspension by adding 1 milliliter of Diluent C to the cell pellet and use gentle pipetting to resuspend it. 
2.4.1. CU Talent adds diluent C to cell pellet and gently pipettes to resuspends

2.5. Immediately before staining, prepare a 2X Dye Solution in Diluent C by adding 4 microliters of the PKH26 ethanol dye solution to 1 milliliter of Diluent C in a tube and mix well to disperse.
2.5.1. CU Talent adds 2X dye solution to Diluent C in tube and mixes

2.6. Quickly add the 1 milliliter of 2X cell suspension to 1 milliliter of 2X Dye Solution and immediately mix the sample by pipetting (TEXT: final density 1.2x107 cells/mL; 2x10-6M PKH26).
2.6.1. CU Talent adds 2x cell suspension to 1 ml of 2x dye solution and mixes by pipetting

2.7. After incubating the cell/dye suspension for 1-5 minutes, stop the staining by adding an equal volume of 1% BSA solution in HBSS and incubate for 1 minute. Then centrifuge the cells at 500 x g for 10 minutes and carefully remove the supernatant.
2.7.1. CU Talent adds an equal volume of 1% BSA solution in HBSS
2.7.2. MED Use 2.2.2B here
2.7.3. CU Talent carefully removes supernatant

2.8. Use 10 milliliters of complete medium to resuspend the cell pellet for assessment of cell recovery, cell viability, and fluorescence intensity.  
2.8.1. CU Talent adds complete medium to pellet
2.8.2. FREEZE FRAME of talent placing tubes in centrifuge from 2.7.2/2.2.2B
2.8.3. CU Talent adds complete medium to pellet that now has less dye present 
2.8.4. SCREEN/LAB MEDIA Cells under scope showing cells stained and unbound dye removed. 

2.9. Centrifuge the cells (TEXT: 500 x g, 10 min), discard the supernatant and add 10 ml of HBSS to the cell pellet.  Wash twice with HBSS and resuspend the cells in a sterile physiological solution (TEXT: [final] 3.3x105 cells/50 microliters).
2.9.1. CU Talent discards supernatant 
2.9.2. [combined with 2.9.1] CU Talent resuspends cell pellet in sterile physiological solution (150 microliters) and transfers resuspended cells in a new container. 
3. Laminectomy

3.1. After preparing the surgical area and a mouse according to the text protocol, place the animal dorsal side up, on a slide warmer to avoid hypothermia during the surgery.  
3.1.1. MED Talent approaches bench with animal
3.1.2. MED/CU Talent places animal dorsal side up on slide warmer

3.2. With a scalpel, make a vertical incision over the region of interest from T7 to T12.  Using forceps, hold the skin and superficial fat pad found between the space between the 5th and 6th thoracic processes. 
3.2.1. CU Talent uses scalpel to make a vertical incision over region of interest from T7 to T12
3.2.2. CU Talent uses forceps to hold skin and superficial fat pad found between space between 5th and 6th thoracic processes

3.3. Under a stereomicroscope, count the process under the blood vessel as T6, then move to T7.  Then place a little bearing under the ventral side of the mouse to increase the curvature of the spine and use Graefe forceps to block the spine to immobilize it.
3.3.1. SCOPE Talent uses forceps to point out process under blood vessel then moves to T7; Editor, point out T6 and T7 here
3.3.2. SCOPE/ECU Talent increases curvature of spine and then uses Graefe forceps to block spine to immobilize it

3.4. Next, use a scalpel to cut the paravertebral muscles bilaterally from T7 to T10 at the vertebral level until the dorsal surface of the lamina contacts the scalpel tip. 
3.4.1. ECU/SCOPE Talent uses scalpel to cut paravertebral muscles bilaterally from T7 to T10 until dorsal surface of lamina contacts scalpel tip. 

3.5. Then use a scalpel to tick off the junction from T7 to T10 at the vertebral level until the dorsal surface of the lamina contacts the scalpel tip. Stop in the space between the T8 and T9 tiny protrusions.  Then use micro scissors to cut the tissue between T8 and T9; and T9 and T10.
3.5.1. SCOPE Talent uses scalpel to tick off junction from T7 to T10 at vertebral level until dorsal surface of lamina contacts scalpel tip

3.6. Use the scalpel to tick off the junction from T7 to T10.  Stop in the space between the T8 and T9 tiny protrusions.  Then use micro scissors to cut the tissue between T8 and T9; and T9 and T10.  
3.6.1. SCOPE Talent uses scalpel to tick off junction from T7 to T10 and stops in space between T8 and T9 tiny protrusions
3.6.2. [combined with 3.6.2] SCOPE Talent uses micro scissors to cut the tissue between T8 and T9 and T9 and T10. 

3.7. Now, use the Rongeur to remove the T9 process.  Expose the junction by using micro scissors to carefully scrape away the muscle layer.  Continue until the bone is exposed.  
3.7.1. SCOPE Talent uses Rongeur to remove T9 process
3.7.2. [combined with 3.7.1] SCOPE Talent carefully scrapes away muscle layer with micro scissors and continues until bone is exposed. 

3.8. Use forceps to remove the muscles from the lamina and open a small space between the vertebrae.  Then, gently insert the micro scissors under the bone, cut the lamina on both sides, and use forceps to remove it, exposing the cord.   
3.8.1. SCOPE Talent uses forceps to remove muscles from lamina and opens small space between vertebrae
3.8.2. SCOPE Talent inserts micro scissors under the bone and cuts the lamina on both sides then uses forceps to remove it 

3.9. Use the Rongeur to remove any free or jagged bone fragments that are left behind.  Then remove the top half of the T9 dorsal process. 
3.9.1. SCOPE Talent uses Rongeur to remove any free or jagged bone fragments
3.9.2. CU SCOPE Detail of spinal cord exposed 

3.10. After following the IH Impactor device protocol according to the guidelines in the text, use 4/0 absorbable suture to close the incision by first covering the exposed spinal cord at the site of the removed lamina.  
3.10.1. SCOPE Talent sutures incision first at site of removed lamina

3.11. Then use a small needle to suture the tissue at the extremities of the cut and put two stitches immediately above and under the site of spinal cord exposure.
3.11.1. SCOPE Talent uses small needle to suture tissue at extremities of cut
3.11.2. ECU Talent puts two stitches above and under the site of spinal cord exposure

3.12. Taking care not to pinch off the underlying muscles, use two or three reflex clips to close the skin.  Inject 2 milliliters of saline in the lower back subcutaneously and place the mouse in a pre-warmed cage on a heating pad to recover.
3.12.1. CU Talent uses reflex clips to close skin
3.12.2. CU Talent injects saline subcutaneously
3.12.3. MED Talent places mouse in pre-warmed cage on heating pad to recover
4. Tail Vein Injection of Cells

4.1. To carry out a tail vein injection of cells, resuspend the cells in the test tube and load 75 microliters into a 0.3 milliliter syringe (TEXT: use 29 gauge needle), ensuring that no bubbles are present in the cell suspension.  To avoid cell sedimentation, keep the syringe in a horizontal position.
4.1.1. [4.1.1-3 combined] CU Talent resuspends cells in test tube
4.1.2. CU Talent loads cells into syringe with no bubbles present
4.1.3. CU Talent places syringe down on bench horizontally. 

4.2. Place the mouse cage underneath the heat lamp to dilate the tail veins.  Then gently pull the mouse into the restrainer to visualize the lateral tail vein, which appears as a narrow blue line.
4.2.1. [4.2.1-3 combined] MED/CU Talent places mouse down underneath heat lamp
4.2.2. MED/CU Talent pulls mouse into restrainer
4.2.3. CU/ECU of narrow blue line of tail vein.  in this shot is it possible to highlight the tail vein with a mark? 

4.3. Use an alcohol swab to clean the tail and once the vein is visualized, grab the tail vein between the middle finger and thumb of the left hand.
4.3.1. [4.3 to 4.5 shots combined] CU Talent cleans tail with alcohol swab
4.3.2. CU Talent grabs tail vein between middle finger and thumb of left hand

4.4. With the bevel up, bring the needle to the surface of the tail at a 15 degree angle from the horizon.  Inject 50 microliters of cells at a rate of 0.33 microliters per second.   
4.4.1. ECU With bevel up, talent brings needle to tail at 15 degree angle
4.4.2. ECU Talent slowly injects cells

4.5. After the injection, hold the needle in place for 10 seconds before slowly retracting the needle.  Carefully observe for the possible efflux of cell suspension (TEXT: refer to text for behavioral tests, tissue collection and analysis).
4.5.1. CU/ECU Talent holds needle in place then slowly retracts needle observing for efflux of cells. 


5. Results: Affects on Recover of Hind Limb Function after Neural Stem Cells Injection

5.1. The T9 contusion demonstrated in this video caused the transient loss of hind limb function.  3x105 cells or PBS were injected into the tail vein in three injections carried out 30 minutes, 6 hours, and 18 hours after injury. As shown here, within 2-3 weeks, PBS-treated injured mice improved and hind limb function reached 3 points of Basso Mouse Scale, or BMS.  Mice treated with PMNPCs, however, showed a higher recovery and reached 4.5 points of BMS.  
5.1.1. LAB MEDIA: 52141_Functional recovery in transplanted animals_ (Figure 1), Editor, for the PBS-treated mice that reached 3 points on BMS, point out the lower line on the graph and for the ‘mice treated with PM-NPCs,’ point out the middle line on the graph

5.2. As seen here, most engrafted PMNPCs labeled with PKH26 accumulated at the edges of the lesion, forming clusters soon after administration.  The transplanted cells migrated along the lesion edges and in a more diffused fashion where they differentiated into neurons.
5.2.1. LAB MEDIA: 52141_ PKH26 labelling of PM-NPCS_(Figure 2) 
5.2.2.  LAB MEDIA: 52141_Localization of PM-NPCs in the lesion site_(Figure 3), Editor, place the images side by side with figure 2 on the right.  For ‘most engrafted PM-PNCs…accumulated at the edges…’ point out the red dots and clusters along the edges of Figure 3

5.3. At 30 days after lesion and transplantation, the cell body of PMNPCS increased in size, and in most cells dendritic-like processes were obvious and fully immunostained by the specific antibodies to MAP-2. 
5.3.1.  LAB MEDIA: 52141_MAP2 expression in transplanted PM-NPCs_(Figure 4), Editor, for the cell body…increased in size, point out the large red blobs and for the dendritic-like processes…to MAP-2,’ point out the green signals with small white arrows as shown in the original image. 


6. Conclusion (said by authors on camera)

6.1. Author name Alfredo Gorio: While attempting this procedure, it’s important to remember that higher forces (70-75 kdyne) cause more severe injuries that unfortunately are associated with higher animal mortality.  In order to avoid such a problem, we commonly choose a moderate force paradigm (60 kdyne) that is also followed by a reproducible recovery of function.
6.2. Author name Stephana Carelli: After watching this video, you should have a good understanding of how to obtain a reproducible experimental model of traumatic spinal cord injury in the mouse by using the Infinite Horizon Impactor. 

       

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, .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.  

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.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
 2013, Journal of Visualized Experiments

