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A. Microscopy: Does your protocol involve video microscopy? 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? 

2.4., 2.8., 2.9., 2.10.1., 2.11.2.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.4., 2.9.
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. Yundu Li: This method facilitates the efficient intrathecal delivery of adeno-associated viral transgenes in awake small animals for the experimental treatment of central nervous system diseases such as ALS. 
1.2. Yundu Li: The main advantage of this method is that the viral solution includes 1% lidocaine hydrochloride, which induces a transient paralysis after a successful injection.   
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Dongxiao Li: Although this method provides a visual indicator for judging the success of the intrathecal administration, sufficient practice is essential for improving the success rate of the delivery.
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 Second Hospital of Hebei Medical University Ethics Committee and carried out according to the regulations of laboratory animal management promulgated by the Ministry of Science and Technology of the People’s Republic of China.
Protocol: (read by voice talent at JoVE)
2. Mouse Preparation and Direct Intrathecal Adeno-Associated Virus (AAV) Delivery
2.1. Before beginning the procedure, attach a 27-gauge needle to a 25-microliter Hamilton syringe [1-WIDE] and align the beveled tip of the needle with the volumetric scale on the syringe [2-ECU].

2.1.1. Talent attaching needle to syringe

2.1.2. Tip being aligned with syringe scale

2.2. Then carefully load 8 microliters of 4 x 1010 genome copies of the virus solution into the syringe, taking care to avoid bubbles [1-CU-TXT].

2.2.1. Virus solution being loaded (TEXT: See text for virus solution preparation details) 

2.3. Next, place an awake, 30-70-day-old, 12-30-gram mouse on a bed piece in the prone position in a biosafety hood [1-MED] and cover the upper body with sterile gauze to calm the mouse and to avoid being bitten [2-CU].

2.3.1. Talent placing mouse into hood

2.3.2. Mouse being covered with gauze

2.4. Firmly grip the mouse on its pelvic girdle with a thumb on one side and the forefinger and middle finger on the other side [1-CU], keeping the skin between the bilateral pelvic girdles taut with the thumb and forefinger [2-ECU].

2.4.1. Pelvic girdle being gripped, with as many fingers visible in frame as possible

2.4.2. Shot of taut skin between girdles

2.5. Then shave the fur between the bilateral pelvic girdles [1-CU] and sterilize the exposed skin with an iodide-based scrub and 70% ethanol [2-CU].

2.5.1. Fur being shaved

2.5.2. Skin being scrubbed, with scrub and ethanol container labels in frame as possible

2.6. For direct intrathecal delivery of the adeno-associated virus solution, palpate the intervertebral space along the midline between the bilateral pelvic girdles [1-MED] and use a fingernail to depress an indentation into the skin to indicate the L5-L6 intervertebral space [2-ECU].

2.6.1. Talent palpating midline

2.6.2. Indentation being made

2.7. Rotate the base of the tail slightly and gently to reveal the midline of the spine [1-CU] and adjust the bevel of the needle toward the head of the animal [2-ECU].

2.7.1. Tail being rotated

2.7.2. Bevel being adjusted

2.8. With the mouse fixed firmly into position [1-MED], align the needle along the midline of the spine [2-CU] and insert the needle gently and vertically into the center of the indentation, keeping the syringe in a central sagittal plane [3-CU-TXT].

2.8.1. Shot of Talent holding mouse in position

2.8.2. Needle being aligned and inserted (TEXT: Tilt needle 70-80°) Author note: 2.8.2 through 2.9.3 filmed in one shot.  
Moved shot: 2.9.3.: Shot of tail flick [TEXT: Sudden tail flick indicates successful entry into intradural space]) 

2.9. When the needle comes into contact with the bone, slowly decrease the angle to approximately 30° [1-ECU] and slip the needle into the intervertebral space [2-CU]. A sudden tail flick is a sign of a successful entry into the intradural space [3-CU].

2.9.1. Needle being angled

2.9.2. Needle being inserted into intervertebral space

2.10. When the needle enters the intervertebral space, the tip will feel firmly clamped [1-ECU]. Inject the vector solution and maintain the needle within the intradural space for 1 minute [2-CU].

2.10.1.  Shot of firmly clamped needle tip

2.10.2.  Solution being delivered

2.11. Then slowly withdraw the needle with rotation to minimize leakage [1-CU], immediately score the transient weakness of the mouse limbs to evaluate the injection quality [2-CU], and return the mouse to its cage for recovery from the paralysis [3-MED].
2.11.1.  Needle being withdrawn

2.11.2.  Shot of slightly impaired mouse mobility (TEXT: See text for weak scoring parameter details)

2.11.3.  Talent placing mouse into cage

3. Immunohistochemical Tissue Preparation
3.1. At the appropriate experimental end point, fix the limbs and head of the injected mouse in the prone position on a foam box cover [1-WIDE-TXT] and use scissors to strip and remove the skin from the head to the sacrum [2-CU].
3.1.1. Talent fixing limb(s) Videographer: More Talent than mouse in shot (TEXT: Euthanasia: Anesthesia + perfusion fixation) 
3.1.2. Skin being cut

3.2. Clip the skull between the eyes [1-ECU], cut along the midline of the skull and the horizontal line above the cerebellum [2-CU], and open the skull on each side [3-CU].

3.2.1. Skull being clipped and opened
3.2.2. Skull being cut

3.2.3. Skull being opened

3.3. Use tweezers to remove the occipital bone [1-ECU] and use ophthalmic scissors to open the spinal canal bilaterally [2-CU]. 

3.3.1. Occipital bone being lifted Author note: 3.3.1 and 3.3.2 filmed in one shot. 
3.3.2. Spinal canal being opened
3.4. Cut the ribs on both sides [1-ECU] and carefully remove the upper section of vertebrae [2-CU].
3.4.1. Ribs being cut
3.4.2. Vertebrae being removed 

3.5. Use curved tweezers to lift the brain [1-CU] and sever the nerves of the skull base [2-ECU].

3.5.1. Brain being lifted and nerves being severed
3.5.2. Nerves being severed

3.6. Then carefully extract the whole brain and spinal cord [1-CU] and fix the tissues in 4% paraformaldehyde for 24 hours [2-MED].

3.6.1. Brain and spinal cord being removed

3.6.2. Talent placing tissues into PFA, with stock PFA container visible in frame

3.7. At the end of the fixation period, cryoprotect the brain and cervical and lumbar spinal cord in 30% sucrose solution overnight at 4 °C [1-MED] followed by embedding in optimum cutting temperature compound [2-CU] before snap freezing in liquid nitrogen [3-CU]. 

Added shot : Brain, cervical and lumbar spinal cord being cut into 2 mm-thick blocks.
3.7.1. Talent placing tissues into sucrose, with stock 30% sucrose solution container visible in frame
Added shot : Talent placing OCT to self-made tin foil sample container
3.7.2. Brain and spinal cord tissues being placed into OCT, with OCT container visible in frame

3.7.3. Tissue being snap frozen

3.8. Then use a cryostat to obtain 25-micrometer thick sections of each tissue [1-MED-over the shoulder], storing the frozen sections in 0.01 M PBS at 4 °C as they are obtained [2-MED].

3.8.1. Talent making sections

3.8.2. Talent placing slides into PBS, with stock 0.01 M PBS container visible in frame

4. Immunohistochemistry

4.1. For immunohistochemical analysis of the tissues, pre-treat the free-floating sections with 1% hydrogen peroxide for 10 minutes [1-WIDE] followed by a 10-minute wash in PBS [2-MED].

4.1.1. Talent adding section(s) to hydrogen peroxide, with hydrogen peroxide container visible in frame

4.1.2. Talent adding section(s) to PBS, with stock PBS container visible in frame

4.2. Next, incubate the samples in blocking solution containing 5% serum and 0.3% non-ionic detergent in PBS for 1 hours [1-CU] followed by overnight labeling at 4 °C with the appropriate primary antibodies of interest [2-CU].

4.2.1. Blocking solution being added to pore plate, with stock blocking tissue container label visible in frame

Added shot: Tissues being added to blocking solution

4.2.2. Antibod(ies) being added to pore plate, with antibody container label(s) visible in frame

Added shot: Tissues being added to antibody solution

4.3. The next day, wash the sections with three, 10-minute washes in PBS plus Tween [1-MED] and incubate the slides with the appropriate corresponding biotinylated secondary antibodies at room temperature for 1 hour after the last wash [2-CU].

4.3.1. PBST being added to pore plate, with PBST container visible in frame

Added shot: Tissues being added to PBST

4.3.2. Antibody being added to pore plate, with antibody container label(s) visible in frame

Added shot: Sections being added to antibody solution

4.4. At the end of the incubation, wash the sections three times in fresh PBST as just demonstrated [1-MED] and incubate the samples with affinity biotin peroxidase complex for 40 minutes [2-MED-over the shoulder] followed by staining with an appropriate chromogenic agent [3-CU].

4.4.1. Talent adding PBST to pore plate, with container visible in frame

Added shot: Sections being added to PBST

4.4.2. Talent adding affinity biotin peroxidase complex to pore plate, with affinity biotin peroxidase complex container visible in frame

Added shot: Sections being added to affinity biotin peroxidase complex

4.4.3. Chromogenic agent being added to pore plate, with chromogenic agent container label visible in frame
Added shot: Sections being added to chromogenic agent

      Added shot: Showing the result of staining

4.5. Mount the labeled the sections onto glass microscope slides [1-MED] and soak the slides in anhydrous ethanol for 5 minutes once the mounted sections have fully dried [2-CU].

4.5.1. Talent adding free water onto slide
Added shot: Sections being added to free water

Added shot: Showing the result of section slide
4.5.2. Slide being placed into ethanol, with stock ethanol container label visible in frame 

4.6. Next, soak the slides in xylene for 10 minutes [1-MED] and seal them with an appropriate mounting medium [2-CU].

4.6.1. Talent adding slides to xylene, with xylene container label visible in frame

4.6.2. Coverslip being placed over medium on one slide

4.7. Then image the slides with on a light microscope equipped with a charge-coupled device at 100-, 200-, and 400X magnifications [1-MED].

4.7.1. Talent at microscope, looking at slide

5. Results: Representative AAV Transduction After Direct Intrathecal Delivery 
5.1. EGFP immunostaining of cervical [1-LM] and lumbar spinal cord tissue sections [2-LM] reveals little or no transduction in the lumbar spinal cord of mice with a weakness score of 0 [3-LM], slightly enhanced transduction in mice with a weakness score of 1 [4-LM], and strong and widespread transductions in mice with a weakness score of 4 or 5 [5-LM].

5.1.1. Fig.1A.ai: Video Editor: please emphasize CSC image column

5.1.2. Fig.1A.ai: Video Editor: please emphasize LSC image column

5.1.3. Fig.1A.ai: Video Editor: please emphasize 0 weakness score LSC images

5.1.4. Fig.1A.ai: Video Editor: please emphasize 1weakness score LSC image

5.1.5. Fig.1A.ai: Video Editor: please emphasize 4 and 5 weakness score LSC images

5.2. Quantification of the GFP staining intensity of spinal cord tissue sections from mice displaying various degrees of transient limb weakness [1-LM] indicates that the severity of the weakness after the virus solution injection closely correlates with the extent of the spinal cord transduction [2-LM].

5.2.1. Fig.1.B.ai: no animation

5.2.2. Fig.1.B.ai: Video Editor: please emphasize blue data line

5.3. In the brain, robust EGFP signals are detected in the olfactory bulb [1-LM], dorsolateral prefrontal cortex [2-LM], dentate gyrus [3-LM] and the CA3 zone of the hippocampus [4-LM], cerebellar cortex [5-LM], and marginal areas of the brainstem, including the facial nucleus [6-LM], choroid plexus, and ependymal epithelial cells [7-LM].

5.3.1. fig2A-G.ai: Video Editor: please emphasize top left image

5.3.2. fig2A-G.ai: Video Editor: please emphasize top right image

5.3.3. fig2A-G.ai: Video Editor: please emphasize 2nd left image

5.3.4. fig2A-G.ai: Video Editor: please emphasize 2nd right image

5.3.5. fig2A-G.ai: Video Editor: please emphasize middle left image

5.3.6. fig2A-G.ai: Video Editor: please emphasize middle right image

5.3.7. fig2A-G.ai: Video Editor: please emphasize 4th/bottom left image

5.4. Motor neurons in the anterior horns are also strongly transduced in different levels of the spinal cord [1-LM].

5.4.1. fig2H-J.ai: Video Editor: please add “Cervical Anterior Horn” to left image, “Thoracic Anterior Horn” to middle image, and “Lumbar Anterior Horn” to right image

5.5. Moreover, in the cortex, GFP-positive neurons [1-LM], including pyramidal cells, are detected [2-LM], as well as various glial cell types, including microglia [3-LM], astrocytes [4-LM], and oligodendrocytes [5-LM].

5.5.1. fig.3.ai: Video Editor: please emphasize top right image

5.5.2. fig.3.ai: Video Editor: please emphasize left image

5.5.3. fig.3.ai: Video Editor: please emphasize left middle right image (original Figure 3C)

5.5.4. fig.3.ai: Video Editor: please emphasize right middle right image (original Figure 3D)

5.5.5. fig.3.ai: Video Editor: please emphasize bottom right image 

6. Conclusion (said by authors on camera):

6.1. Dongxiao Li: This technique enables researchers in the neurology field to explore the therapeutic effects of direct intrathecal delivery in small awake animals on central nervous system diseases.
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. 

Fig.1A.ai
Fig.1B.ai

fig.3.ai

fig2A-G.ai

fig2H-J.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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