[image: ] FINAL SCRIPT: APPROVED FOR FILMING

	
Submission ID #: 59163
Scriptwriter Name: Leila Shokri
Project Page Link: http://www.jove.com/files_upload.php?src=18044763

Title: Preparation and Immunostaining of Myelinating Organotypic Cerebellar Slice Cultures

Authors and Affiliations: 

Melina Thetiot1, Rémi Ronzano1, Marie-Stéphane Aigrot1, Catherine Lubetzki1, Anne Desmazières1

1 Sorbonne Université, Inserm, CNRS, Institut du Cerveau et de la Moelle épinière, ICM-GH Pitié-Salpétrière, F-75013, Paris, France.



Corresponding Author: 
Anne Desmazières 		anne.desmazieres@upmc.fr

Email addresses for Co-authors: 
Melina Thetiot 		melina.thetiot@etu.upmc.fr
Rémi Ronzano 		remi.ronzano@icm-institute.org
Marie-Stéphane Aigrot 	marie-stephane.aigrot@upmc.fr
Catherine Lubetzki 		catherine.lubetzki@psl.aphp.fr






Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  Y
Slices preparation and mounting after immunohistochemistry are performed under a binocular microscope.

Can you record movies/images using your own microscope camera? (Y/N) N

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Nikon SMZ800
2. Does your protocol include software usage? (Y/N) N

3. Which steps from the protocol section below are the most important for viewers to see? 
2.4.4; 2.5.1; 2.8.1; 4.2.1; 4.9.2
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.8.1. To ensure success of this step, we recommend repeated practice.
5. Will the filming need to take place in multiple locations? (Y/N) N
Dissection and slice culture are done in two separate spaces within the same platform (L2), at the 3rd floor of the building. However, the immunohistochemistry procedure is performed in a standard laboratory (L1), at the 4th floor of the building.


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

1. REQUIRED Interview Statements: (Said by you on camera)  

1.1. Anne Desmazières: This method allows to study the basic mechanisms of myelination and remyelination at the cellular and tissular level [1].

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

1.2. Anne Desmazières: This technique is at the crossroad between primary cultures and in vivo approaches. It is a fast and accessible model with the main advantage of preserving the tissue architecture [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. Anne Desmazières: Demonstrating the procedure will be Melina Thetiot, a Postdoctoral Researcher and Rémi Ronzano, a PhD Student, from my laboratory [1] [2]. 

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.


Ethics title card: 

Procedures involving animal subjects have been approved by the UPMC, INSERM and the French and European Community Council Directive 86/609/EEC.


Section - Protocol
2. Cerebellum Dissection and Sections Preparation
2.1. To begin, insert a small scissors gently into the foramen (“fo·​ra·​men”) magnum (“mag·​num”) and cut the skull by making one lateral incision towards the side and then cut all around the head skull [1-TXT]. 
2.1.1. ECU: Talent does few actions to inserts the scissors and cut the skull. TEXT: Keep the tip of the scissors as parallel and close to the skull as possible
2.2. To retrieve the dorsal part of the skull, use a fine-straight forceps to carefully lift the dorsal part of the skull [1-TXT]. Then, carefully introduce the forceps between the ventral skull and the brain, gently flip out the brain [2-TXT], and cut the optic and trigeminal (“tri·​gem·​i·​nal”) nerves with small scissors [3].
2.2.1. ECU: Talent carefully lifts the dorsal part of the skull. TEXT: Cut the adhering meninges if needed Video Editor: Please show text overlay when VO say: “lift the dorsal part of the skull”. [Author Note]: Take2
2.2.2. ECU: Talent introduces the forceps between the ventral skull and the brain and flips out the brain with the forceps and cuts the optic and trigeminal nerves with small scissors. TEXT: Alternatively use a spatula Video Editor: Please show text overlay when VO say: “introduce the forceps”. [Author Note]: Combined shots 2.2.2. and 2.2.3
2.2.3. ECU: Talent cuts the optic and trigeminal nerves with small scissors. 
2.3. Next, turn the head, or the dorsal part of the skull, upside down just above a 60-milimeter cell culture dish, containing ice-cold dissection medium, to help the brain to drop by gravity [1-TXT]. Using fine forceps, orientate the brain with the dorsal side facing up, and the ventral side lying down [2].
2.3.1. CU: Talent turns the dorsal part of the skull upside down above the culture dish. TEXT: Release the last adhesions with small scissors Video Editor: Please show text overlay when VO say: “Turn the head upside down”.
2.3.2. ECU: Talent orientates the brain with fine forceps.
2.4. Under the binocular microscope, use the fine-straight forceps to immobilize the brain on the forebrain (“fore·​brain”) side [1-TXT]. Then, separate the hindbrain (“hind·​brain “) from the rest of the brain [2] [3]. Cut the cerebellar (“cer·​e·​be·​ler”) peduncles (“pe·​dun·​cle”) underneath the cerebellum, to separate the cerebellum from the rest of the hindbrain [4] [5].
2.4.1. SCOPE: Talent immobilizes the brain on the forebrain (under a binocular microscope). TEXT: Avoid touching the hindbrain Videographer: Authors can’t record this step. Please provide a scope kit adaptable to one of the oculars of the Nikon SMZ800. [Author Note]: with 2.4.1
2.4.2. SCOPE: Talent separates the hindbrain from the rest of the brain. Videographer: Authors can’t record this step. Please provide a scope kit adaptable to one of the oculars of the Nikon SMZ800.
2.4.3. LM: Figure 1Aa: Video Editor: Please emphasize the “Hindbrain” section. Please delete the step number (4.10)
2.4.4. SCOPE: Talent separates the cerebellum from the rest of the hindbrain. Videographer: Authors can’t record this step. Please provide a scope kit adaptable to one of the oculars of the Nikon SMZ800. [Author Note]: from 12/00/00
2.4.5. LM: Figure 1Aa’: Video Editor: Please emphasize the red dots when VO says: “Cut the cerebellar peduncles”. Emphasize the “Cerebellum” section when VO says: “underneath the cerebellum”. Please delete the step number (4.10).
2.5. Once the cerebellum is isolated, use fine-straight forceps to carefully tear away the meninges (“mi-nin-jeez”) [1][2]. Hold the cerebellum gently with the fine curved forceps and place it with the dorsal side up onto the plastic platform perpendicularly to the chopper razor blade [3] [4].
2.5.1. SCOPE: Talent uses fine-straight forceps to tear away the meninges. Videographer: Authors can’t record this step. Please provide a scope kit adaptable to one of the oculars of the Nikon SMZ800.
2.5.2. LM: Figure 1Aa’. Video Editor: Please show the “Meninges removal” figure.  Please delete the step number (4.11).
2.5.3. ECU: Talent holds the cerebellum with fine curved forceps and places the dorsal side up perpendicular to the razor blade. 
2.5.4. LM: Figure 1Bb. Video Editor: Please delete the step numbers (4.12, 4.13).
2.6. Next, with a sterile thin-end pipette tip attached to a 1-milliter pipette, aspirate any excess of dissection medium around the cerebellum [1] [2]. Then, with a tissue chopper, slice 300 micrometer-thick sagittal (“sag·​it·​tal”) sections of the cerebellum [3-TXT] [4]. 
2.6.1. ECU: Talent aspirates dissection medium around the cerebellum. 
2.6.2. LM: Figure 1Bb. Video Editor: Please emphasize the tip and the blue region around the cerebellum. Please delete the step number (4.12).
2.6.3. ECU: Talent adjusts force and speed of the blade, and uses the chopper to slice the cerebellum. TEXT: Cerebellum lays flat, not stretched on the platform [Author Note]: We didn’t show force and speed adjustment of the blade
2.6.4. LM: Figure 1Bb’. Video Editor: Please delete the step numbers (4.14, 4.15).
2.7. Next, add a drop of dissection medium onto the sliced cerebellum gently [1][2]. Then, with a wide-bore pipette tip attached to the 1- milliliter pipette, slowly aspirate the sliced cerebellum, and transfer it back into the 60-milimeter cell culture dish containing ice-cold dissection medium [3]. 
2.7.1. ECU: Talent adds a drop of dissection medium onto the sliced cerebellum.
2.7.2. LM: Figure 1Bb”. Video Editor: Please delete the step number (4.16).
2.7.3. ECU: Talent uses a wide-bore pipette tip to aspirates the sliced cerebellum, and transfers it to the 60-mm cells culture dish.
2.8. [bookmark: _GoBack]Next, use two fine-straight forceps to separate individual slices [1-TXT] [2]. Then, with a wide-bore pipette tip attached to the 1- milliliter pipette, transfer up to 4 selected slices from the vermis along with some dissection medium…onto one culture insert of a 6-well plate [3][4]. Remove any excess of dissection medium around the slices using a thin-end pipette tip [5][6]. 
2.8.1. SCOPE: Talent separates slices.  TEXT: Alternatively use titanium needles Videographer: Authors can’t record this step. Please provide a scope kit adaptable to one of the oculars of the Nikon SMZ800. [Author Note]: from 20/26/00, best at 24/00/00
Video Editor: Please show text overlay when VO say: “fine-straight forceps”. 
2.8.2. LM: Figure 1Cc. Video Editor: Please delete the step number (4.18).
2.8.3. ECU: Talent uses a wide-bore pipette tip attached to the 1-mm pipette to transfer 3 slices from the vermis to one culture insert of a 6-well plate.
2.8.4. LM: Figure 1Cc and 1Cc’. Video Editor: Please emphasize the ‘Vermis” slices in Figure 1Cc, when VO says: “to 4 selected slices from the vermis”. Please emphasize the 6-well plate and the zoomed-in culture insert in Figure 1Cc’, when VO says: “onto one culture insert of a 6-well plate”. Please delete all step numbers.
2.8.5. ECU SCOPE: Talent removes the excess of dissection medium around slices with a thin-end pipette tip. TEXT: Ensure slices lay flat on the membrane 
2.8.6. LM: Figure 1Cc’.  Video Editor: Please emphasize the tip and the blue region around the cerebellum (zoomed-in culture insert). Please delete the step numbers.
3. Slices Culture and Demyelination 
3.1. For demyelination (“de·​my·​e·​lin·​ation”), remove all culture medium below the culture inserts after 6 days in vitro [1-TXT], and replace it with 1 milliliter per well of the pre-warmed fresh culture medium containing 0.5 milligram per milliliter LPC (“l·​p·​c”)  [2-TXT] [2B-TXT]. Incubate for 15 to 17 hours at 37 degrees Celsius in 5 percent carbon dioxide environment [3].
3.1.1. ECU: Talent removes the culture medium below one of the culture inserts. TEXT: Following steps are performed in a flow culture hood under sterile conditions
3.1.2. ECU: Talent takes a tube filled with the culture medium from the water bath and adds 1 ml of the culture medium into the well below the culture insert. TEXT: Lysophosphatidylcholine Video Editor: Please show text overlay when VO say: “LPC”. 
3.1.2B [Added shot]: Talent adds 1 ml of the culture medium into the well below the culture insert. TEXT: Lysophosphatidylcholine Video Editor: Please show text overlay when VO say: “LPC”. 
3.1.3. MED: Talent transfers the 6-well plate to an incubator. 
3.2. After incubation, wash the inserts by placing them in a 25-millimeter petri dish containing 1 milliliter of pre-warmed culture medium [1]. Then, immediately transfer the culture inserts in a new 6-well plate containing fresh pre-warmed culture medium [1].
3.2.1. [Combined shots 3.2.1 and 3.3.1] CU MED + CU: Talent places the insert into a 25-mm petri dish containing 1-ml culture medium and transfers the insert in a new 6-well plate containing culture medium. [Author Note]: take 2 
3.3. Then, immediately transfer the culture inserts in a new 6-well plate containing fresh pre-warmed culture medium [1].
3.3.1. CU: Talent transfers the insert in a new 6-well plate containing culture medium.  [Author Note]: with 3.2.1 MED + CU
4. Immunohistochemistry 
4.1. To begin immunohistochemistry (“im·​mu·​no·​his·​to·chem·​is·​try”), first use forceps to lift culture inserts and remove the culture medium beneath them [1-TXT]. Then, add 2 milliliters of 4 percent PFA (“p·​f·​a”) in 1x PBS, pH 7.4 …into the membrane inserts to fix the cerebellar slices [2]. After 30 minutes, wash the slices three times with 2 milliliters of 1x PBS for 10 minutes each wash [3].
4.1.1. CU MED: Talent removes the culture medium beneath one of the culture inserts. TEXT: Following steps are performed under a fume hood
4.1.2. CU: Talent adds 2 ml of the PFA solution into one of the membrane inserts. Show a timer set to count down from 30 minutes in the shot. 
4.1.3. CU MED: Talent discards the PFA solution from the insert and adds 2 ml of 1x PBS. Show a timer set to count down from 10 minutes in the shot. Then Talent discards the 1x PBS.
4.2. Next, under the binocular microscope using a 25x to 30x magnification, use a scalpel (“scal·​pel”) or a brush, to gently detach the slices from the membrane inserts [1]. Alternatively, use a scalpel to cut the membrane with the slices still attached, to avoid the risk of damaging the slices [2].
4.2.1. SCOPE: Talent uses a scalpel to gently push the slices of one of the membrane insert. Videographer: Authors can’t record this step. Please provide a scope kit adaptable to one of the oculars of the Nikon SMZ800.
4.2.2. SCOPE: Talent uses a scalpel to cut one of the membranes with the slices still attached. Videographer: Authors can’t record this step. Please provide a scope kit adaptable to one of the oculars of the Nikon SMZ800. [Author Note]: take 2
4.3. Then, use a brush to transfer the floating slices into the wells of a 4-well plate containing 1x PBS, to limit antibody consumption, [1]. Then, aspirate the PBS from each well [2], and incubate the slices in pre-cooled 100 percent ethanol at minus 20 degrees Celsius for 15 to 20 minutes [3]. 
4.3.1. ECU: Talent uses a brush to transfer the floating slices into few one wells of a 4-well plate containing 1xPBS. [Author Note]: take 2
4.3.2. CU: Talent aspirates the PBS from few one wells. 
4.3.3. MED: Talent incubates the 4-well plate in pre-cooled 100 percent ethanol at -20 °C. Show a timer set to count down from 20 minutes in the shot. [Author Note]: Slices incubation in pre-cooled 100% ethanol has been done on ice before transferring the plate at -20°C for 20 minutes.
4.4. After incubation, aspirate the 100 percent ethanol [1] and wash the slices briefly with 1x PBS [2]. Then wash them two times at room temperature, with 1x PBS for 10 minutes each wash [3]. 
4.4.1. CU: Talent discards the ethanol from one of the wells. [Author Note]: take 2
4.4.2. CU: Talent briefly adds 1x PBS and quickly discards it. [Author Note]: Done on ice.
4.4.3. CU: Talent adds 1x PBS to the well. Show a timer set to count down from 10 minutes in the shot.  
4.5. To block non-specific antibody fixation sites, aspirate the PBS [1], and incubate the slices in a solution containing 1x PBS, 5 percent NGS (“n·​g·​s”), and 0.3 percent non-ionic detergent at room temperature for 30 to 45 minutes [2]. 
4.5.1. CU: Talent aspirates the 1x PBS solution in one of the well.
4.5.2. CU: Talent adds the solution to the well. Show a timer set to count down from 30 minutes in the shot.  
4.6. Next, add primary antibodies diluted in the blocking solution [1], and incubate the slices at 4 degrees Celsius overnight [2]. 
4.6.1. CU: Talent adds the primary antibody to the slices of one of the wells. TEXT: See manuscript for appropriate antibody to visualize myelin on cerebellar slices Video Editor: Please show text overlay when VO say: “the primary antibodies”. [Author Note]: take 2
4.6.2. MED: Talent transfers the 4-well plate to a fridge. [Author Note]: take 2
4.7. After overnight incubation, wash the slices three times with 1x PBS for 10 minutes each wash [1]. Then, add the secondary antibodies, diluted in the blocking solution at 1-to-500 dilution ratio, and incubate the slices at room temperature, in the dark for 3 hours [2].
4.7.1. CU: Talent washes the slices of one of the wells in 1xPBS.
4.7.2. CU: Talent adds the secondary antibodies, and covers the 4-well plate containing the slices with aluminium foil
4.8. After incubation with the secondary antibody, wash the slices three times in 1x PBS in the dark for 10 minutes each wash.
4.8.1. CU: Talent washes the slices of one of the wells with 1xPBS. Cover the plate. 
4.9. Next, under a binocular microscope [1], place 100 microliters of 1x PBS on the slide, and with a brush, transfer the slices into the PBS, and flatten them on the slide [2-TXT]. Remove any excess of PBS [3].
4.9.1. SCOPE: Talent mounts few slices onto a glass slide. Videographer: Authors can’t record this step. Please provide a scope kit adaptable to one of the oculars of the Nikon SMZ800.
4.9.2. SCOPE: Talent adds 100 l of 1x PBS on the slide and with a brush transfers few slices into the PBS and flattens them on the slide. Videographer: Authors can’t record this step. Please provide a scope kit adaptable to one of the oculars of the Nikon SMZ800. TEXT: Unfold the slices if needed Video Editor: Please show text overlay when VO say: “transfer the slices into the PBS”. [Author Note]: slated 4.9.1 use take 2 and 3
4.9.3. CU: Talent removes the excess PBS. 
4.10. Finally, place a drop of mounting medium directly onto the glass coverslip and gently cover the slices [1-TXT]. 
4.10.1. CU: talent places a drop of mounting medium onto the glass coverslip and covers the slices. TEXT: Slides can be stored at 4 °C in the dark for several months


Section – Results
5. Results: Myelin Immunostaining in Organotypic Cerebellar Slices 
5.1. Myelin (“my·​e·​lin”) immunostainings in organotypic cerebellar slices obtained from postnatal days 9 through 10 C57black6 (“c·fifty·seven·blak·six”) wild-type mice were observed with nodes of Ranvier (“RAHN·vee·AY”) enriched in voltage-gated sodium channels flanked by the paranodal (“pa·ra·nod·al”) axoglial (“ax·o·gli·al”) junction domain [1]. Same results were observed for PLP (“p·l·p”)-GFP transgenic (“trans·​gen·​ic”) mice [2]. 
5.1.1. LM: Figure 2A. Video Editor: Please emphasize the red regions 9in the middle of the figure) when VO says: “nodes of Ranvier enriched in voltage-gated sodium channels “. Please emphasize the white regions (in the middle of the figure) when VO says: “flanked by the paranodal axoglial junction domain”. 
5.1.2. LM: Figure 2B. 
5.2. Myelination of the Purkinje cells is mostly achieved after one week in culture [1]. LPC treatment fully demyelinates the slices [2], which remyelinate spontaneously and are fully remyelinated 6 days post demyelination [3].
5.2.1. LM: Figure 2Ci. 
5.2.2. LM: Figure 2Cii.
5.2.3. LM: Figure 2Ciii.

Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) 
6.1. Melina Thetiot: (Step: 4.5 to 4.21). This procedure should take 25 minutes maximum. It is really the most critical point [1].
6.1.1. NTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Melina Thetiot: Organotypic slice cultures are suitable for live imaging study of myelination dynamics. It can also be used for therapeutic drug screening experiments [1].
6.2.1. NTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. [Author Note]: take 2 
6.3. Rémi Ronzano: This study technique allows an easy quantitative approach to study myelination and remyelination processes [1].
6.3.1. NTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.4. Rémi Ronzano: Experimenters have to follow the basic safety procedures applying to animal welfare, fixatives and sharps manipulation [1].
6.4.1. NTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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