

[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 72666
Scriptwriter Name: Poornima G
Project Page Link: https://review.jove.com/files_upload.php?src=22163178 

Title: Retinal Ganglion Cell Quantification for Evaluating Neurodegeneration in Mouse Models of Multiple Sclerosis

Authors and Affiliations: 
Jackson W. Mace1, Peter A. Calabresi1,2, Marjan Gharagozloo1
1 Department of Neurology, Johns Hopkins University School of Medicine, USA
2 Department of Neurological Sciences, University of Vermont, USA



☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
Marjan Gharagozloo  	mgharag1@jhu.edu
[bookmark: _Hlk25233958]


Email Addresses for All Authors: 
Jackson W. Mace  		jmace4@alumni.jh.edu
Peter A. Calabresi  	peter.calabresi@med.uvm.edu
Marjan Gharagozloo  	mgharag1@jhu.edu





Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps: 25
Number of Shots: 50 (4 Scope)

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee at Johns Hopkins University 


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.	Comment by Poornima  G: Authors: Please review the protocol section titles, narration in purple text and the shot descriptions entirely.	Comment by Poornima  G: Authors: Please check all the pronunciation guides written in red italics below and post a comment at the respective guide if any changes are required
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
Authors: Can you specify the mouse strain used?
2. Enucleation and Fixation of the Eyes
Demonstrator: Click here to enter name of demonstrator(s)
2.1. To begin, position the euthanized experimental autoimmune encephalomyelitis, or EAE, mouse on a dissection table [1]. Carefully enucleate the eyes using curved forceps by gently pulling the eyeball together with the optic nerve [2]. Gently straighten the optic nerve before fixation [2].
2.1.1. WIDE: Talent positioning the euthanized mouse on the dissection table. TXT: Follow institutionally approved protocol for euthanasia
2.1.2. Close-up of Talent enucleating the eye with the curved forceps, pulling the eyeball together with the attached optic nerve.
2.1.3. Close-up of Talent gently straightening the optic nerve before the fixation.

Authors: During filming, please point out the parts before dissecting them.

2.2. Immediately place the intact eyes in 4 percent paraformaldehyde [1] and fix for at least 4 hours at room temperature on a shaker [2].
2.2.1. Talent placing the intact eyes into the 4% PFA.
2.2.2. Talent placing the container on the shaker at RT. 

2.3. After the fixation, transfer the eyes that will be used for the retinal dissections to fresh PBS [1].
2.3.1. Close-up of Talent transferring the fixed eyes into fresh PBS.

2.4. If the retina cannot be dissected immediately, transfer the eyes to 1 to 2 milliliters of 30 percent sucrose solution [1]. Incubate at 4 degrees Celsius for 24 to 48 hours, or until the eyes sink. Store at 4 degrees Celsius for up to 3 weeks [2]. 
Authors: Please let me know if this storage protocol should be included for filming or we should omit it
2.4.1. Close-up of Talent transferring the eyes into 1 - 2 mL of 30% sucrose.
2.4.2. Talent placing the sample in a 4 °C refrigerator.

3. Dissection and Flattening of the Retina
Demonstrator: Click here to enter name of demonstrator(s)
3.1. To dissect the whole retina from the fixed eyeball, first remove the anterior portion of the eye, including the cornea and the lens, using fine forceps and scissors [1].
3.1.1. Talent removing the anterior portion of the eye, with the cornea and the lens, using the fine forceps and scissors.
Authors: Will you be using a dissection microscope for steps 3.1, 3.2 and 3.3? Please let me know if these need to be tagged SCOPE.

3.2. Carefully separate the retina from the sclera without tearing or distorting the tissue. Avoid excessive force, which can cause tears, folds, or other artifacts [1].
3.2.1. Talent gently separating the retina from the sclera with the fine forceps.

3.3. Using precision scissors, make four radial cuts to flatten the retina into a clover-like shape while preserving its architecture and orientation [1]. If the retina already contains a tear, use it as one of the 4 loosening cuts to minimize further damage [2].
3.3.1. Talent making the 4 radial relaxing cuts in the retina with the precision scissors, to form the clover-like shape.
3.3.2. Talent making a cut at an existing tear in the retina  Authors: Depending on the sample on the shoot day, this step can be deleted. Please let us know after the shoot.

3.4. Using a fine brush, gently pick up the retina and transfer it into a 12-well plate containing PBS [1].
3.4.1. Close-up of Talent lifting the retina with the fine brush and transferring it into the PBS in the 12-well plate.

3.5. Under a dissection microscope, carefully flatten the retina with a fine brush, avoiding excessive pressure [1].
3.5.1. SCOPE: Talent flattening the retina in the well with the fine brush.

3.6. Maintain the correct orientation during flattening, with the inner retinal surface containing the ganglion cell layer facing upward [1] and the outer surface adjacent to the sclera facing downward [2]. Authors: Please check if this is correctly worded
3.6.1. SCOPE: adjusting the retina in the well, so that the inner ganglion cell surface faces upward.
3.6.2. SCOPE: Pointing to the outer surface facing downward.

3.7. Once flattened, gently place a small round coverslip over the retina to reduce wrinkles and hold the tissue flat [1]. Add just enough PBS beneath the coverslip to keep the retina hydrated [2].
3.7.1. SCOPE: placing the small round coverslip over the flattened retina in the well.
3.7.2. Close-up of Talent adding the minimal volume of PBS, until the retina is just covered beneath the coverslip.

3.8. Wrap the plate in a damp paper towel and seal it with plastic wrap [1]. Store the sample at 4 degrees Celsius for up to 2 to 3 days [2].
3.8.1. Close-up of Talent wrapping the plate in a damp paper towel and sealing it with plastic wrap.
3.8.2. Close-up of the retina being kept in a refrigerator.

4. Antigen Retrieval and Permeabilization of the Retina
Demonstrator: Click here to enter name of demonstrator(s)

Authors: When is the coverslip added in the previous section removed?
4.1. On the day of staining, wash the retina in PBS [1]. Using a fine brush, gently transfer it into a 1.5-milliliter microcentrifuge tube containing 1 milliliter of 10 millimolar sodium citrate solution at pH 6 [2].
4.1.1. Close-up of Talent washing the retina in PBS. 
Authors: Please specify the number of washes, duration, and volume of PBS used. 
4.1.2. Close-up of Talent transferring a retina with the fine brush into the 1.5 mL tube holding 1 mL of 10 mM sodium citrate at pH 6.0.

4.2. Place the tube in a heat block at 80 degrees Celsius for 30 minutes [1]. Then, let it cool at room temperature for 10 minutes [2].
4.2.1. WIDE: Talent placing the tube into the heat block at 80 °C for 30 min.
4.2.2. Talent placing the tube aside on bench.

4.3. Transfer the retina to freshly prepared 3% Triton X-100 in PBS [1]. Permeabilize three times for 1 hour each at room temperature on a shaker with gentle agitation [2], replacing the solution after each incubation [3].
4.3.1. Talent placing the retina in the freshly prepared 3% Triton X-100 in PBS.
Authors: Please specify the volume of the solution used
4.3.2. Talent placing the sample on the shaker. 
4.3.3. Talent replacing the solution and keeping the sample on shaker.

5. Immunostaining the Retina
Demonstrator: Click here to enter name of demonstrator(s)
5.1. Prepare blocking solution containing 5% normal goat serum and 1% Triton X-100 in PBS [1]. Transfer the retina to a 48-well plate containing 400 microliters of blocking solution per well [2], and incubate for 2 hours at room temperature on a shaker with gentle agitation [3].
5.1.1. Close-up of Talent preparing the blocking solution with 5% normal goat serum and 1% Triton X-100 in PBS.
5.1.2. Close-up of Talent transferring retina into 400 µL of the blocking solution in the 48-well plate.
5.1.3. WIDE: Talent placing the 48-well plate on the shaker for 2 h at RT.

5.2. Add the primary antibody or antibody mixture directly to the blocking solution containing the free-floating retina [1 and 2]. Incubate for 72 hours at 4 degrees Celsius on the shaker [3]. 
5.2.1. WIDE: Talent adding the primary antibody into the blocking solution around free-floating retina. 
5.2.2. TEXT ON PLAIN BACKGROUND using split screen
	Antibody
	Dilution

	Anti-Brn3a
	1:1000

	Anti-RBPMS
	1:400

	Anti-phospho-c-Jun
	1:1000

	Anti-GFAP
	1:1000

	Anti-βIII-tubulin 
	1:1000



5.2.3. Talent placing the plate on the shaker at 4 °C. 

5.3. Transfer the retina to a 12-well plate containing PBS and wash three times [1] for 1 hour each at room temperature on a shaker [2].
5.3.1. Shot of retina being transferred to a 12-well plate containing PBS. Authors: Please specify the volume of the solution used
5.3.2. Talent placing the plate on the shaker.

5.4. Then, transfer the retina to a 48-well plate containing 400 microliters of the secondary antibody solution [1]. Incubate overnight at 4 degrees Celsius on the shaker [2].
5.4.1. Close-up of Talent transferring the retina into 400 µL of the secondary antibody solution in the 48-well plate.
5.4.2. WIDE: Talent placing the 48-well plate on the shaker at 4 °C.

5.5. Transfer the retina to a 12-well plate containing PBS [1] and wash three times for 1 hour each at room temperature on a shaker [2].
5.5.1. Shot of retina being transferred to a 12-well plate containing PBS.
Authors: Please specify the volume of the solution used
5.5.2. Talent placing the plate on the shaker.

6. Mounting the Retina for Imaging
Demonstrator: Click here to enter name of demonstrator(s)
6.1. Place the free-floating retina in fresh PBS and keep it floating at room temperature until mounting [1]. Using a fine brush, transfer the retina onto a clean glass slide [2].
6.1.1. Close-up of the free-floating retina being transferred to fresh PBS and placing the sample aside.
6.1.2. Close-up of Talent guiding a free-floating retina out of the PBS and onto a clean glass slide with the fine brush.

6.2. Spread the retina into a flattened clover shape while maintaining the correct orientation. Apply gentle pressure with the brush [1]. The retina is adequately flattened when all 4 leaflets lie in a single plane without visible folds, wrinkles, or overlap [2].
6.2.1. Close-up of Talent spreading the retina into the clover shape and brushing.
6.2.2. Close-up of the flattened retina with all 4 leaflets resting in a single plane, free of folds and wrinkles. Authors: Should this be a SCOPE shot?

6.3. Use an absorbent paper towel to gently wick away the excess buffer from the edges of the retina [1]. Then, let the retina dry for about 5 to 8 minutes, until it adheres to the glass. Do not let the tissue shrink or wilt [2].
6.3.1. Close-up of Talent wicking the excess buffer from the edges of the retina with an absorbent paper towel.
6.3.2. Close-up of the retina sample being placed aside for drying.

6.4. Apply several drops of the antifade mounting medium to a glass coverslip [1]. Then, slowly lower the coverslip over the retina and let the medium spread on its own [2]. If adjustment is necessary, press gently only along the edges or corners of the coverslip, never directly over the tissue [2].
6.4.1. Close-up of Talent applying several drops of the antifade mounting medium onto the glass coverslip.
6.4.2. Close-up of Talent slowly lowering the coverslip over the retina.
6.4.3. Talent pressing gently only at its edges to adjust it.

6.5. Finally, keep the slide flat at room temperature until the mounting medium fully embeds the tissue and seals the coverslip [1]. Store the slides flat at 4 degrees Celsius in the dark until the imaging [2]. Finally, image the sample using a fluorescence microscope at 20x magnification, acquiring a z-stack of approximately eight optical layers [3-TXT]. 
6.5.1. Close-up of the slides sitting flat at RT while the mounting medium sets and seals the coverslip.
6.5.2. WIDE: Talent storing the slides flat at 4 °C in the dark.
6.5.3. Talent placing the sample under a fluorescence microscope. TXT: See text protocol for imaging and RGC quantification

Results
Please review this section to make sure that it accurately reflects your findings.	Comment by Poornima  G: Authors: Please check if the narration is correct and if the figures and areas being highlighted match with the narration
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 118.
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results
Authors: Best results corresponding to the protocol described above are put here. Please check if the narration is correct and if the figures and areas being highlighted match with the narration.

7.1. At peak EAE, retinal ganglion cell, or RGC, density did not differ significantly between control and EAE groups [1]. However, the neuronal stress marker phosphorylated c-Jun was increased in EAE retinas [2] compared with control [3].
7.1.1. LAB MEDIA: Figure 2E. 
7.1.2. LAB MEDIA: Figure 2F. Video editor: Highlight the bar for 'EAE'. Authors: The legend doesn’t specify if 2F is for day 16? Please clarify
7.1.3. LAB MEDIA: Figure 2F. Video editor: Highlight the bar for 'CFA'

7.2. Brn3a (B-R-N-3-A) staining showed significant RGC loss in chronic EAE at day 42 [1] compared with controls [2]. RGC density was reduced across the central, middle, and peripheral retinal regions [3].
7.2.1. LAB MEDIA: Figure 2B and C. Video editor: Highlight the images and bar labeled 'EAE' 
7.2.2. LAB MEDIA: Figure 2B and C. Video editor: Highlight the images and bar labeled 'CFA' 
7.2.3. LAB MEDIA: Figure 2C. Video editor: Highlight the 'EAE' bars in central, middle and peripheral graphs. Show only these 3 graphs side by side.

7.3. Phosphorylated c-Jun and Brn3a expression intensities were inversely correlated within individual RGCs [1].
7.3.1. LAB MEDIA: Figure 2G.
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