[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 60274
Scriptwriter Name: Bridget Colvin
Project Page Link: http://www.jove.com/files_upload.php?src=18383618

Title: Intrathecal Delivery of Antisense Oligonucleotides in the Rat Central Nervous System

Authors and Affiliations:  Yi Chen1*, Curt Mazur2*, Yi Luo1*, Linhong Sun1, Mingdi Zhang1, Alex McCampbell1, and Giulio Srubek Tomassy1
*These authors contributed equally to the work

1Biogen, Inc.
2Ionis Pharmaceuticals 

Corresponding Author:
Giulio Srubek Tomassy	
giulio.srubektomassy@biogen.com 

Email addresses for Co-authors: 
yi.chen1@biogen.com 
CMazur@ionisph.com 
yi.luo@biogen.com 
Linhong.sun@biogen.com
Mingdi.zhang@biogen.com
alexander.mccampbell@biogen.com 
 


Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
4.5., 4.7.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.5., 4.7., The most difficult aspect is to find the precise location for the needle insertion and insert the needle/cannula (later catheter/wire) assemblies into the spinal canal. 
The following steps could be taken to increase the probability of success. 1). Use one hand to find the two natural pits between muscles above the shaved pelvis in step 4.2, and hold them throughout step 4.2 to step 4.5 until the needle/cannula assembly is in the spinal canal. 2). It is helpful to use blunt forceps to find and feel the dorsal spinal process of the L6 lumbar vertebra before inserting needle in step 4.5. 3). After the catheter/wire assembly is inserted in step 4.6, one may need to move the assembly around a little to ensure that it is inserted into the spinal canal. The movements are described as best as we could in step 4.7 but one may need to practice finding the unique “feeling” of the catheter in place. 
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Giulio Srubek Tomassy: This protocol allows the direct delivery of therapeutics into the rat central nervous system to evaluate the pharmacokinetics, pharmacodynamics, and efficacy of novel therapeutics in rat disease models [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Giulio Srubek Tomassy: This procedure is safe, effective, and does not require expensive equipment or surgical tools [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.3. Giulio Srubek Tomassy: Demonstrating the procedure will be Yi Chen and Yi Luo, research scientists from my laboratory [1][2]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera


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 Biogen.
	


Section - Protocol
2. Material and Instrument Preparation
2.1. To prepare the special guide cannulas, use a rotary tool with a cut-off wheel to cut off both ends of a 19-gauge needle [1] to obtain an approximately 1.5-2-centimeter long guide cannula [2].
2.1.1. WIDE: Talent cutting needle
2.1.2. ECU: Shot of cannula
2.2.  Then use the grinding wheel of the rotary tool to smooth both ends [1].
2.2.1. End being smoothed 
2.3. To prepare the catheter wire assembly, cut one 8-centimeter long piece of 0.011-inch-diameter PE (P-E)-10 tubing to serve as the intrathecal catheter for each animal [1-TXT] and use an ethanol-resistant marker pen to make a mark 2 centimeters from one end of each piece of tubing [2].
2.3.1. Talent cutting tubing TEXT: PE: polyethylene
2.3.2. Mark being made
2.4. For each animal, insert a 11-centimeter-long stylet wire cut from polytetrafluoroethylene-coated stainless steel wire into the lumen of the 8-centimeter PE-10 catheter [1]. 
2.4.1. Cut wire being inserted 

2.5. To prepare the delivery catheter assembly, cut a piece of 5-10-centimeter, 0.023-inch-diameter PE-50 catheter [1] and insert a 23-gauge tubing adaptor into one end of the catheter [2].

2.5.1. Talent cutting tubing
2.5.2. Adaptor being inserted into tubing

2.6. Then insert a 30-gauge needle with the hub cut off into an approximately 0.5-centimeter piece of PE-10 tubing [1] and connect the PE-10 tubing to the other end of the catheter [2].

2.6.1. Needle being inserted into tubing 
2.6.2. Tubing being connected to catheter 

2.7. To prepare a guide cannula-needle assembly, place a guide cannula over the end of a 23-gauge needle [1-TXT].

2.7.1. Guide cannula being placed over needle TEXT: Sterilize all materials 12 h via ethylene oxide 

3. Surgery Preparation

3.1. Before beginning the surgery, place a heating pad on the surgery table [1] and cover the pad with a sterile drape sheet [2].

3.1.1. WIDE: Talent placing heating pad
3.1.2. Talent placing drape

3.2. Place a 50-milliliter conical centrifuge tube onto the sheet [1] and confirm at lack of response to toe pinch in the anesthetized, experimental rat [2-TXT].

3.2.1. Talent placing tube onto sheet
3.2.2. ECU: Toe being pinched TEXT: Anesthesia: 1-5% isoflurane

3.3. After weighing the animal, shave the back from the tail to the caudal thoracic spine [1] and place the shaved rat onto the sterile sheet in the prone position [2].

3.3.1. Rat being shaved
3.3.2. Talent placing rat onto sheet Videographer: More Talent than rat in shot 

3.4. Position the 50-milliliter tube under the abdomen to flex the spine in the lumbar region [1] and apply ophthalmic ointment to the eyes [2].

3.4.1. Tube being placed
3.4.2. ECU: Ointment being applied to one eye

3.5. Next, subcutaneously inject 1 milligram/kilogram of sustained release buprenorphine [1] and clean the exposed skin with sequential povidone and alcohol scrubs. 

3.5.1. Buprenorphine being injected
35.2. Skin being wiped, with povidone and alcohol contains visible in frame 

3.6. Drape the animal with a fenestrated, sterile, transparent sheet. 

3.6.1. Talent draping animal 

4. Surgery 

4.1. For placement of the catheter and injection of the compound, identify the two natural pits between the muscles above the shaved pelvis [1] and, with one hand holding the pits, use the other hand to gently press and feel the spine from the caudal to rostral direction to locate the first major indentation between the vertebrae [2].

4.1.1. WIDE: Talent locating pits Videographer: More Talent than rat in shot
4.1.2. Shot of fingers at pits, then spine being palpated 

4.2. After identifying the intervertebral space between the S1 and L6 vertebrae, move slightly rostrally to identify the intervertebral space between the L5 and L6 vertebrae [1].

4.2.1. Shot of fingers at S1 and L6 vertebrae, then finger(s) moving to next location

4.3. Use a scalpel to make a no more than 2-centimeter-long skin and muscle capsule at this site along the midline from the rostral to caudal direction so that the injection site will be at the center of the incision [1].

4.3.1. Incision being made Video Editor: please indicate center of incision/injection site when mentioned as possible 

4.4. Use dissection scissors to dissect away the connective tissue until the muscle layer can be visualized [1] and make a 1-centimeter incision in the muscle capsule immediately lateral to the dorsal spinal process of the L6 lumbar vertebra [2].

4.4.1. Connective tissue being dissected
4.4.2. Incision being made in muscle capsule with scissors

4.5. Position the guide cannula-needle assembly near the anterior aspect of the sixth lumbar vertebra [1] and push the assembly into the intervertebral space along the anterior aspect of the sixth vertebra so that the end of the needle penetrates the spinal canal [2].

4.5.1. Assembly being positioned near anterior aspect Videographer: Important step
4.5.2. Assembly being pushed into intervertebral space Videographer: Important step

4.6. Giulio Srubek Tomassy: Use blunt forceps to locate the dorsal spinal process of the L6 lumbar vertebra. Then push the needle along the anterior aspect of the sixth vertebra into the intervertebral space [1].

4.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

4.7. Push the guide cannula in place along the needle [1], remove the needle [2-TXT], and insert the catheter-wire assembly into the guide cannula [3].

4.7.1. Guide cannula being pushed Videographer: Important step
4.7.2. Needle being removed Videographer: Important step TEXT: CSF and blood entering hub typical
4.7.3. Assembly being inserted Videographer: Important step

4.8. Angling the catheter at an approximately 45-degree angle to the spinal canal [1], force the end of the catheter approximately 0.3 centimeters into the canal [2].

4.8.1. Catheter being angled 
4.8.2. Catheter being forced down

4.9. When the catheter is in place, remove the guide cannula to leave the catheter and stylet wire in place [1].

4.9.1. Guide cannula being removed. 

4.10. Advance the catheter into the spinal canal until the 2-centimeter mark is at the entrance of the canal [1-TXT] and completely withdraw the stylet wire [2]. Cerebral spinal fluid may be visualized entering the implanted catheter [3].

4.10.1. Catheter being advanced TEXT: Catheter should extend rostrally into subarachnoid space
4.10.2. Stylet being removed
4.10.3. ECU: Shot of CSF in catheter

4.11. Then connect the delivery catheter assembly to the distal end of the implanted catheter via the 30-gauge needle end [1].

4.11.1. Assembly being connected to catheter

4.12. Next, load 60 microliters of sterile saline into a 100-microliter syringe [1] and load a bolus of 30 microliters of the test compound into a second syringe [2].

4.12.1. Talent loading syringe with saline, with saline container visible in frame
4.12.2. Test compound being loaded, with test compound container visible in frame 

4.13. Connect the saline syringe to the tubing adaptor end of the delivery catheter assembly [1] and flush 20 microliters of sterile saline into the intrathecal space [2].

4.13.1. Syringe being connected
4.13.2. Saline being flushed

4.14. When all of the saline has been flushed, replace the saline syringe with the bolus-loaded syringe [1] and inject 30 microliters of the test compound into the intrathecal space over a period 30 seconds [2].

4.14.1. Bolus-loaded syringe being attached
4.14.2. Bolus being injected

4.15. When all of the bolus has been delivered, replace the bolus-loaded syringe with another saline-loaded syringe [1] and flush the catheter with an additional 40 microliters of saline [2].

4.15.1. Syringe being attached
4.15.2. Saline being flushed

4.16. When the second volume of saline has been delivered, detach the delivery catheter assembly from the implanted catheter [1] and use a pair of very hot, bead-sterilized, dissection forceps to clamp down on the tubing to aseptically cut and heat-seal the implanted catheter [2].

4.16.1. Assembly being detached
4.16.2. Tubing being cut/heat-sealed

4.17. Use absorbable monofilament sutures to secure the heat-sealed catheter to the connective tissue [1] before closing the skin [2]. 

4.17.1. Catheter being sutured to connective tissue
4.17.2. Skin being sutured

4.18. Then use gauze and saline to wash any blood from the skin [1] and place the rat in a heated incubator with monitoring until full recumbency [2-TXT].

4.18.1. Skin being washed
4.18.2. Talent placing rat into incubator Videographer: More Talent than rat in shot TEXT: Monitor 1x d/3-7d according to institutional requirements


[bookmark: _GoBack]

Section – Results
4. Results: A Single Bolus Antisense Oligonucleotide (ASO) Intrathecal Injection Reduces Rat Malat1 In Vivo

4.1. In this representative experiment, very good knockdown was obtained in all of the regions collected after single bolus antisense oligonucleotide delivery as demonstrated [1].

4.1.1. LAB MEDIA: Figure 3: JoVE Video Editor please add/emphasize grey data bars

4.2. [bookmark: _Hlk12349603]However, some degree of regional variability was measured, with the spinal cord exhibiting the highest percentage of knockdown [1]. 

4.2.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize grey spinal cord data bar




Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Giulio Srubek Tomassy: After a successful injection of the antisense oligonucleotide or other therapeutics into an appropriate rat model, one can evaluate the pharmacokinetics, pharmacodynamics, and efficacy of the therapeutics [1].
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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