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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (No) 

Note: We will no film through a microscope but we might need to shoot some images through a magnifying-glass

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
2.5, 2.6, 2.7, 2.8, 2.9, 2.12
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.8, 2.9

E.  Will the filming need to take place in multiple locations? (No) 
If yes, how far apart are the locations? 

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to develop a viral vector-based animal model for Parkinson’s disease via stereotactic injection in the central nervous system. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Anke Van der Perren: This method can be used to develop novel animal models which allow for preclinical drug testing and can be beneficial in studying the molecular mechanism of Parkinson’s disease as well as many other neurodegenerative disorders.

1.2. Anke Van der Perren: The main advantage of this technique is that specific brain regions can be targeted, high transgene expression levels can be achieved, and the technique can be used to create models in different animal species and strains.

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

1.3. Chris Van den Haute: Several vector systems have been developed. The choice of the vector system depends on the size of the gene of interest, the required duration of gene expression, the target cell, and biosafety issues. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Anke Van der Perren: Demonstrating the procedure will be Annelies Aertgeerts a technician from our laboratory.  

1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. (please use take 2)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.7 Procedures involving animal subjects are carried out in accordance with the European Communities Council Directive of 24 November 1986 (86/609/EEC) and approved by the Bioethical Committee of the University of Leuven (Belgium). 

Protocol (read by voice talent at JoVE):
2. Stereotactic Injection of rAAV-α-SYN into the Rat Substantia Nigra
2.1. Begin by properly anesthetizing an eight-week old female Wistar rat according to approved protocols [2.1.1-MED]. Check that a surgical plane of anesthesia has been achieved by squeezing each paw and noting an absence of the withdrawal reflex [2.1.2-CU]. 
2.1.1. Talent places the anesthetized rat into the surgical preparation area. 

2.1.2. *film as written. 
2.2. Next, use a micro-transponder implanter to place a micro-transponder on the back of the rat [2.2.1-MED]. Check that the micro-transponder is positioned correctly [2.2.2-CU] and that a readout can be attained [2.2.3-MED- over the shoulder]. 
2.2.1. *film as written. 

2.2.2. *film as written. 

2.2.3. *film as written. 
2.3. Now cut the hair on the scalp of the rat [2.3.1-MED], and apply local anesthetic to the scalp and ears [2.3.2-CU]. 
2.3.1. *film as written. 

2.3.2. *film as written. 
2.4. Transfer the rat to a laminar flow hood and perform the rest of the procedure using aseptic technique [2.4.1-WIDE]. 
2.4.1. Rat is transferred to the laminar flow hood. 
2.5. Place the rat in the stereotaxic frame by securing the ear bars [2.5.1A-MED], followed by the mouth and nose bar [2.5.1B-MED]. 
2.5.1. A +B *film as written. 
2.6. Cover the body of the rat with a paper blanket to avoid a drop in body temperature [2.6.1-MED]. Apply an ocular lubricant to prevent the eyes from drying [2.6.2-CU].
2.6.1. *film as written. 
2.6.2. *film as written. 
2.7. Next disinfect the scalp according to approved procedures. 1% iodine in 70% isopropanol is used here [2.7.1-MED – over the shoulder]. 
2.7.1. The scalp is swabbed with the iodine isopropanol solution. 
2.8. After making a small incision in the midline of the scalp, gently scrape away the membranes on the skull [2.8.1.CU] and rinse with saline [2.8.2-CU]. After allowing the skull to dry, ensure that bregma and lambda can be clearly seen [2.8.3-ECU]. 

2.8.1. *film as written. 

2.8.2. *film as written. 

2.8.3. Bregma and lambda are pointed out with the tip of a scalpel or similar. 
2.9. Now fill a 10 microliter, 30-gauge, 20-mm microinjection syringe with recombinant AAV [2.9.1-MED-TXT], and place it onto the motorized microinjection pump connected to the stereotaxic instrument [2.9.2-MED].  
2.9.1. *film as written. TEXT: See written protocol for AAV preparation. 
2.9.2. *film as written. 
2.10. Anke Van der Perren, Step 2.9: “For specific targeting of the dopaminergic neurons of the SN, recombinant AAV vectors are the first choice because of their higher titers and efficiency for transducing dopaminergic neurons” [2.10.1-INT]

2.10.1. Author to camera. 
2.11. Test the flow by releasing a drop of AAV [2.11.1-ECU].  Dispose of any released AAV in a polyvalent cleaning detergent [2.11.2-MED]. 
2.11.1. A drop of virus vector is released from the syringe tip and wiped away using a cotton-tipped swab or tissue. 
2.11.2. Talent disposes of the swab or tissue into the detergent. 
2.12. Visually check that the head is fixed straight in the head frame [2.12.1-MED]. Then check that the skull is flat by first moving the tip of the needle to Bregma [2.12.2B-MED] and measuring the height [2.12.2C-CU] at this point by lowering the tip of the needle in the dorsoventral direction until it touches the skull.  Repeat the procedure at lambda [reuse 2.12.3B] + [reuse 2.12.2C].
2.12.1. Talent looks at the head in the frame. 
2.12.2. *film as written. 

2.12.3. Needle tip lowers to lambda. TEXT: 0.3 mm maximum difference in height between the two points 
2.13. After returning the needle to Bregma, move the needle in the anteroposterior [2.13.1A-MED – TXT] and mediolateral direction to the stereotaxic coordinates for microinjection [2.13.1B-MED – TXT]. Write down the coordinates. [extra shot 2.13.1C-MED – TXT]. 
2.13.1. *film as written. TEXT: Anteroposterior: 5.3 mm from Bregma; Mediolateral: 2.0 mm from Bregma). 
2.14. At the site of injection, measure the height of the skull as before and ensure that it does not differ more than 0.3 mm from the height of Bregma [2.14.1-MED]. 
2.14.1. Talent moves the needle in the dorsoventral direction [2.14.1A] and checks the scale/display [2.14.1B] reverse shot if possible
2.15. Then carefully drill a 2 mm hole in the skull [2.15.1-CU]. 
2.15.1. *film as written. If possible filter away the movement
2.16. Once the hole is drilled, measure the height of the dura to determine the reference from which to apply the dorsoventral coordinate [2.16.1-ECU-TXT]. 
2.16.1. The tip of the needle slowly and gently moves down into the hole and onto the dura. TEXT: Alternatively subtract a 9mm fixed thickness for the skull. (use take 3)
2.17. Penetrate the dura using a 26-gauge needle [2.17.1-ECU]. Absorb any blood with a sterile tissue and proceed only after all bleeding has stopped [2.17.2-MED]. 
2.17.1. *film as written. 
2.17.2. Blood is absorbed with sterile tissue
2.18. Now slowly lower the needle of the pre-loaded microinjection syringe into the brain to the dorsoventral coordinate [2.18.1-CU-TXT], and pause for one minute [2.18.2-MED]. 

2.18.1. *film as written. TEXT: 7.2 mm from the dura. 

2.18.2. Show the whole set up with the needle in the brain and talent looking at a watch or lab timer. (use take 2)
2.19. Then inject 3 microliters of AAV at a rate of 0.25 microliters per minute [2.19.1A-C-ECU-TXT]. 
2.19.1. Overview of the set-up [2.19.1A] Show the liquid in the syringe moving downwards [2.19.1B]. TEXT: Medium dose: 3 x 1011 genome copies/ml. High dose: 1 x 1012 genome copies/ml of rAAV2/7 (-SYN or EGFP control virus. Extra shot showing the display [2.19.1C].
2.20. After the injection, allow the needle to remain in place for another 5 min to prevent backflow along the needle track before slowly removing it [2.20.1-CU-TXT].
2.20.1. The needle is in place. TEXT: 5 minutes. The needle is then withdrawn from the site of injection
2.21. Stitch the scalp using coated braided polyester 3.0 [2.21.1A-1B-MED] and disinfect the skin with 1% iodine in 70% isopropanol [2.21.2-CU]. 
2.21.1. *film as written. 
2.21.2. *film as written. 
2.22. Next loosen the nose and mouth bar and then the two ear bars to gently remove the animal from the stereotactic instrument [2.22.1-MED]. 
2.22.1. *film as written. 
2.23. At this time administer analgesia and, if required, an anesthesia reversal agent [2.23.1-2-MED-over the shoulder], then place the rat in a clean cage on a heating plate set to 38°C and monitor closely until it wakes up [2.23.3A-B-MED]. 
2.23.1. Talent performing the injection 
2.23.2. Talent performing the injection without showing the needle going into the animal. 
2.23.3. Talent places the rat in the cage on the heating pad and remains there until the end of the shot. Overview [2.23.3A] close up [2.23.3B]
2.24. Following surgery, the kinetics of neurodegeneration can be studied in the whole animal using behavioral tests and PET imaging, and after sacrifice using immunohistochemical techniques [2.24.1-LM].  
2.24.1. LAB MEDIA: 53670_Baekelandt_Figure1. Video Ed: Highlight the ‘cylinder test’ and ‘PET imaging’ legends when “behavioral rests and PET imaging” are narrated and ‘IHC analysis’ when “immunohistochemical techniques” is read. 
3. Results: Neurodegeneration Induced by rAAV2/7 α-SYN
3.1. The cylinder test to evaluate spontaneous forelimb use was performed at various time-points following microinjection of recombinant AAV expressing A53T mutant alpha-synuclein in to the substantia nigra [3.1.1-LM]. From 3 weeks after injection, a significant motor impairment was seen in rats that received the medium dose [3.1.1-2-LM]. At 4 weeks after injection a 50% decrease in spontaneous contralateral forepaw use was observed, whereas the control eGFP injected animals showed no asymmetry in forepaw use [3.1.3-LM]. 
3.1.1. LAB MEDIA: 53670_Baekelandt_Figure3A
3.1.2. LAB MEDIA: 53670_Baekelandt_Figure3B. Vid Ed: Highlight ’23 days’. 
3.1.3. LAB MEDIA: 53670_Baekelandt_Figure3B. Vid Ed: Highlight ’29 days’. 
3.2. Rats that received a higher dose of recombinant AAV2/7 A53T alpha-synuclein showed a more pronounced impairment of forepaw use at 29 days after injection [3.2.1-LM]. To prove that the observed motor impairment was dopamine-dependent, a single dose of L-DOPA was administered. When the cylinder test was repeated 45 minutes after L-DOPA treatment, a full recovery of the forepaw use in the recombinant AAV2/7 A53T alpha-synuclein injected animals was observed [3.2.2-LM]. 
3.2.1. LAB MEDIA: 53670_Baekelandt_Figure3C. Place a box around the grey bar on the right side (29 days). 
3.2.2. LAB MEDIA: 53670_Baekelandt_Figure3C. Place a box around the black bar on the right side (29 days) and bold the ‘+L-Dopa’ part of the legend. 
3.3. To follow up the kinetics of nigrostriatal dopaminergic neurodegeneration non-invasively over time in individual animals, dopamine transporter binding was quantified using small-animal positron emission tomography with [18F]-FECT (pronounce each letter separately – F.18.F.E.C.T) as the radioligand. DAT binding significantly decreased in the ipsilateral caudate-putamen of recombinant AAV2/7 A53T α-synuclein injected rats over time [3.3.1-LM]. 
3.3.1. LAB MEDIA: 53670_Baekelandt_Figure4A
3.4. After 32 days, a decrease in DAT binding of up to 85% was observed [3.4.1-LM]. As a positive control, injection of the neurotoxin 6-OHDA in the SN induced 90% loss of DAT binding within 7 days [3.4.2-LM]. 
3.4.1. LAB MEDIA: 53670_Baekelandt_Figure4C. Vid Ed: please place a box around or otherwise highlight the three data points placed between 28 and 35 days after injection. 
3.4.2. LAB MEDIA: 53670_Baekelandt_Figure 4C. Vid Ed: Highlight the 6-OH-DA legend and the square data marker between 28 and 35 days.
3.5. Brain sections from rats microinjected with recombinant AAV2/7 A53T α-synuclein over time were immunostained for tyrosine hydroxylase, a marker of dopaminergic neurons. This figure demonstrates the progressive loss of dopaminergic neurons over a 29-day period after microinjection [3.5.1-LM]. 

3.5.1. LAB MEDIA: 53670_Baekelandt_Figure_5DF. 
4. Conclusion (said by authors on camera)
4.1. Chris Van den Haute: Once mastered, this technique can be done in 45 min if it is performed by a trained person.

4.2. Chris Van den Haute: While attempting this procedure, it’s important to remember to use high quality vector batches.

4.3. Anke Van der Perren: Following this procedure, other methods like non-invasive PET imaging, behavior analysis and immunohistochemical analysis can be performed in order to determine the level of neurodegeneration and neuropathology.

4.4. Anke Van der Perren: After watching this video, you should have a good understanding of how to perform a viral vector injection in the substantia nigra of the rat to develop a viral vector-based animal model for Parkinson’s disease.
4.5. Anke Van der Perren: Don't forget that working with viral vectors can be hazardous and precautions such as working under a laminar flow and proper waste decontamination should always be taken while performing this procedure.   

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 are included in the email accompanying the finalized script.
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