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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?  Yes  
If Yes, can you record movies/images using your own microscope camera?
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 (through a camera port or one of the oculars). Please list the make and model of your microscope. 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. 
AmScope 3.5X-90X Inspection Dissecting Zoom Power Stereo Microscope

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees self-record interview statements. JoVE can provide support for this option.

4. Filming location: Will the filming need to take place in multiple locations?   No


Current Protocol Length

Number of Steps:  22
Number of Shots:  51



Introduction

1. Introductory Interview Statements

Videographer’s Note: Put the two shots of the b-roll introducing the talent who was helping conduct the protocol in the folder with the interview footage so you can find them there. 

REQUIRED: 
1.1. [bookmark: _Hlk72392679]Richa Gupta: Visualizing uptake of small extracellular vesicles or sEVs by different cells in the spinal cord can confirm successful delivery of sEVs. This enables both mechanistic and therapeutic studies of intrathecally administered sEVs from various sources, in rodent models.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 5.7.3.

1.2. Richa Gupta: This protocol can be used to visualize sEV uptake by cells in a mouse spinal cord and can help evaluate the role of sEVs and its cargo molecules in spinal disorders, pain, and inflammation. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.2.2. 


Introduction of Demonstrator on Camera

1.3. Richa Gupta: This procedure will be demonstrated by me along with Xuan Luo and Zhucheng Lin, two graduate students in Dr. Seena Ajit’s lab.
1.3.1. INTERVIEW: Author saying the above. 
1.3.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.


Ethics Title Card

1.4. All procedures were performed in compliance with the NIH Guide for the Care and Use of Laboratory Animals and approved by the Institutional Animal Care & Use Committee of Drexel University College of Medicine. 

Protocol
2. Uptake of sEVs by Neuro-2a cells
2.1. Begin by placing 18-millimeter coverslips in a 12-well plate [1], then plate Neuro-2a cells in each well with a total of 1 milliliter of complete DMEM containing 10 percent FBS and 1 percent pen-strep [2-TXT].
2.1.1. WIDE: Talent placing coverslips in the 12-well plate.
2.1.2. Talent adding cells to each well. TEXT: 10 × 104  cells

2.2. When the cell confluency has reached 80 to 90 percent, change the medium to DMEM exosome-depleted medium [1]. In each well, add 1, 5, or 10 micrograms of labeled sEVs for 1, 4, and 24 hours for dose- and time-dependent uptake [2]. To the rest of the wells, add an equal volume of dye control [3]. Videographer: This step is important! 
2.2.1. Talent changing the medium in the 12-well plate.
2.2.2. Talent adding sEVs to the wells.
2.2.3. Talent adding dye control to the wells.
Videographer’s NOTE for 2.2.2: Take 2 shows more of the labeled vials being added to the wells than the 1st take.
3. Primary Astrocytic Cultures 
3.1. Collect the brains of postnatal pups in a 60-millimeter Petri dish containing ice-cold Hank’s Balanced Salt Solution supplemented with 10 millimolar HEPES [1-TXT]. Dissect both the cortical lobes and remove the meninges [2]. Then, mince the tissues with a sterilized blade [3].
3.1.1. Talent collecting the brains in the Petri dish. TEXT: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid – HEPES
3.1.2. SCOPE: Talent dissecting the cortical lobes and removing the meninges.
3.1.3. Talent mincing the tissue.
Videographer’s NOTE: Shots 3.1.1 - 3.1.3 were shot through the SCOPE. Shot 3.1.1 and Shot 3.1.2 are combined in one long shot. The authors wanted to use up to about the 3:30 mark since the procedure on the second lobe wasn't as clean as the first.

3.2. Transfer the tissues into a 15-milliliter conical tube containing papain or deoxyribonuclease I dissociation buffer [1] and incubate for 20 minutes at 37 degrees Celsius [2], swirling the tube every 5 minutes [3].
3.2.1. Talent transferring the tissues to the conical tube.
3.2.2. Talent incubating the conical tube with the tissues.
3.2.3. Talent swirling the conical tube.

3.3. Aspirate the supernatant and add 5 milliliters of complete DMEM to the tube to inactivate the enzyme activity [1]. Triturate carefully to dissociate the tissues with a 5-milliliter glass serological pipette and a flame-polished Pasteur pipette [2].
3.3.1. Talent aspirating the supernatant and adding complete DMEM to the conical tube.
3.3.2. Talent triturating using the glass serological pipette and the Pasteur pipette.
Videographer’s NOTE for 3.3.2: Did 3 takes - first was wider shots, then next two were close-up detail shots if they help.
3.4. Pass the cell suspension through a 40-micrometer cell strainer [1] and then centrifuge the cells at 250 x g for 5 minutes at 4 degrees Celsius [2]. Aspirate the medium and seed the cells in 10 milliliters of complete DMEM in a 75 square centimeters flask [3].

3.4.1. Talent passing the cell suspension through the cell strainer.
3.4.2. Talent centrifuging the cells. Videographer: Obtain multiple usable takes because this will be reused in 3.7.2.
3.4.3. Talent seeding the cells in the flask.

3.5. After 4 hours of plating, replace the supernatant medium with 15 milliliters of fresh DMEM medium [1].

3.5.1. Talent replacing the supernatant medium.

Videographer’s NOTE for 3.5.1: Did 2 takes - the first take was partially obstructed. 

3.6. After 14 days in vitro, to detach the microglia and oligodendrocytes, transfer the flask to an orbital shaker at 320 rpm for 6 hours [1]. Use 5 milliliters of the cell dissociation enzyme for 10 minutes at 37 degrees Celsius to trypisinize the remaining astrocytes [2].

3.6.1. Talent placing the flask on the orbital shaker.
3.6.2. Talent adding the cell dissociation enzyme and incubating the flask.

Videographer’s NOTE for 3.6.2: broke this up into Take 1 (at the bench) and Take 2 (at the incubator) since there were essentially two different steps.

3.7. To inactivate the enzymatic action, add 5 milliliters of complete DMEM [1] and then pellet the cells at 250 × g for 5 minutes at 4 degrees Celsius [2]. Resuspend the cells in complete DMEM and seed the cells on the 12-millimeter number 1.5 coverslips in a 24-well plate [3-TXT].

3.7.1. Talent adding complete DMEM to the flask.
3.7.2. Use 3.4.2. 
3.7.3. Talent seeding the cells in the 24-well plate. TEXT: 50 µL of 5 × 104 cells/mL 


4.  Immunofluorescence

4.1. Using PBS rinse the cells three times [1] and then fix them with 4 percent paraformaldehyde, or PFA, in PB for 10 minutes at room temperature [2-TXT]. 

4.1.1. Talent rinsing the cells with PBS. Videographer: Obtain multiple usable takes because this will be reused in 4.2.1.
4.1.2. Talent fixing the cells with 4% PFA. TEXT: 0.1 M Phosphate Buffer – PB

4.2. Wash the fixed cells three times for 5 minutes with PB [1] and permeabilize them using 0.1 percent Triton X-100 in PB for 10 to 15 minutes, then repeat the washes with PB [2]. Use 5 percent normal goat serum, or NGS, in PB for 1 hour at room temperature to block the cells [3].

4.2.1. 4.1.1.
4.2.2. Talent permeabilizing the cells.
4.2.3. Talent blocking the cells.

4.3. Incubate the Neuro-2a cells with MAP2A antibodies and the primary astrocytes with GFAP antibodies [1] at a 1 is to 500 ratio in fresh 5 percent NGS or PB, overnight at 4 degrees Celsius with gentle shaking [2].

4.3.1. Talent adding antibodies to cells.
4.3.2. Talent incubating the cells with the primary antibodies.

4.4. After washing the cells 3 times in PB, add the fluorophore-conjugated secondary antibodies in 5 percent NGS [1]. Incubate for 2 hours at room temperature protected from light on a rocker [2]. NOTE: The authors edited the VO description.

4.4.1. Talent adding the secondary antibodies.
4.4.2. Talent incubating the cells.


4.5. Repeat the washing with PB and incubate the cells with 1 microgram per milliliter of DAPI for 10 minutes at room temperature. Once again, wash the cells 3 times with PB [1-TXT].

4.5.1. Talent incubating the cells with DAPI. TEXT: 4',6-diamidino-2-phenylindole – DAPI

4.6. Using an antifade mounting medium, mount the coverslips on number 1 slides [1]. Let them dry overnight in the dark [2] and store the prepared glass slides at 4 degrees Celsius until imaging on a confocal microscope [3].

4.6.1. Talent mounting the coverslips on the slides.
4.6.2. Talent placing the slides in the dark for drying.
4.6.3. Talent storing the slides.


5.  In vivo uptake of sEVs and Immunohistochemistry

5.1. Dissect the spinal cord and fix it in 4 percent PFA in PB at 4 degrees Celsius for 24 hours [1]. Cryoprotect the tissues in 30 percent sucrose in PB at 4 degrees Celsius for 24 hours or until the tissues sink, then store the tissues at 4 degrees Celsius until immunohistochemistry [2]. Videographer: This step is important!

5.1.1. Talent fixing the dissected spinal cord in 4 % PFA in PB.
5.1.2. Talent placing the tissues in 30 % sucrose in PB for cryoprotection.

Videographer’s NOTE for 5.1.2: Second take is probably better one.

5.2. Embed the L4-L5 spinal cord in O.C.T compound [1], then freeze it on dry ice until it is completely solidified [2].

5.2.1. Talent embedding the spinal cord in O.C.T compound.
5.2.2. Talent freezing the spinal cord on dry ice.

Videographer’s NOTE for 5.2.1: Second take is probably better one.
5.3. Use a cryostat to section the tissues at 30 micrometers [1-TXT] and collect the sections in a 24-well plate containing PB [2]. Wash the sections three times for 5 minutes each with 0.3 percent Triton in PB [3]. 

5.3.1. Talent sectioning the tissues using a cryostat. TEXT: Cross-sectionally for the spinal cord
5.3.2. Talent collecting the sections in the 24-well plate.
5.3.3. Talent washing the sections with 0.3% Triton in PB.

Videographer’s NOTE for 5.3.1 and 5.3.2: Did multiple takes for 5.3.1 for a variety of close-ups and two takes for 5.3.2 and went back and forth between these takes since right after 5.3.1, the author had to do 5.3.2.

5.4. Block the non-specific binding sites using 5 percent NGS in 0.3 percent Triton in PB for 2 hours at room temperature [1] and incubate the sections overnight at 4 degrees Celsius on a shaker [2].

5.4.1. Talent incubating the cells to block non-specific binding.
5.4.2. Talent diluting the primary antibodies.
5.4.3. Talent incubating the sections with the primary antibodies at 4oC overnight.

Author’s NOTE for 5.4.2: Delete shot 5.4.2 from the final video.

NOTE: The description for 5.4.2 form step 5.4 has been removed.

Videographer’s NOTE for 5.4.3: Take 1 and Take 2 are two steps within the same shot since they were at different locations.

5.5. Wash the sections 3 times for 5 minutes with 0.3 percent Triton in PB [1], then add the appropriate concentration of the secondary antibodies according to the text manuscript and incubate at room temperature for 2 hours [2].
5.5.1. Talent washing the sections with 0.3 percent Triton in PB.
5.5.2. Talent incubating the sections with the secondary antibodies.

5.6. Wash the sections using only PB and incubate them in 1 microgram per milliliter of DAPI for 10 minutes at room temperature, then repeat the PB washes [1].

5.6.1. Talent incubating the sections with DAPI.

5.7. Under a light microscope, mount the sections on a clean adhesive slide with a fine paintbrush [1]. Wet the coverslip with the mounting medium and cure overnight in the dark at room temperature [2]. Acquire images under a confocal microscope with the respective lasers [3]. Videographer: This step is important!

5.7.1. SCOPE: Talent mounting the sections onto the slide using a fine paintbrush.
5.7.2. Talent wetting the coverslip with the mounting medium.
5.7.3. Talent acquiring the images.

Videographer’s NOTE for 5.7.1: This is done with SCOPE, and a close-up shot was also taken. The authors thought it would be better to show a close-up. The scope is used to find the piece and to complete the process. Also, all the takes of 5.7.1 were shot in 4K, in case zoom-in is required.




Results
6. Results: Uptake of Fluorescent Labeled Small Extracellular Vesicles

6.1. The average mean size of RAW 264.7-derived sEVs was 140 nanometers, and the peak particle size was 121.8 nanometers, with most detectable particles falling within the size range of exosomes or sEVs at 50–150 nanometers [1].
6.1.1. LAB MEDIA: Figure 1A
6.2. Western blotting of sEVs, cell lysate, and exo-depleted media demonstrated that sEV-derived protein samples contained the sEV marker proteins Alix, CD81, and GAPDH [1]. The cell lysate was enriched with endoplasmic reticulum resident protein, calnexin [2].
6.2.1. LAB MEDIA: Figure 1B. Video Editor: Emphasize the sEVs column.
6.2.2. LAB MEDIA: Figure 1B. Video Editor: Emphasize the Cell Lysate column.

6.3. Thus, calnexin served as a negative marker for cellular contamination as it was absent in the sEVs [1].
6.3.1. LAB MEDIA: Figure 1B. Video Editor: Emphasize the absence of calnexin in the sEVs column.

6.4. It was observed that the uptake of sEVs occurred at 1 hour [1] and for the 1, 5, and 10 micrograms sEVs [2]. Post incubation, fluorescence could be detected at 4 hours for 5 and 10 micrograms of sEVs [3].

6.4.1. LAB MEDIA: Figure 2A. Video Editor: Emphasize the ‘1h’ row.
6.4.2. LAB MEDIA: Figure 2B.
6.4.3. LAB MEDIA: Figure 2C.

6.5. The uptake of PKH26-labeled sEVs by primary astrocytes was examined [1] and maximal fluorescence from sEV uptake in primary cortical astrocytes occurred at 24 hours [2].
6.5.1. LAB MEDIA: Figure 3.
6.5.2. LAB MEDIA: Figure 3. Video Editor: Emphasize the ‘24h’ row.



6.6. PKH26-labeled sEVs were taken up [1], and maximal fluorescence was observed at 6 hours post-injection in neurons [2], astrocytes [3], and microglial cells [4].
. 
6.6.1. LAB MEDIA: Figure 4.
6.6.2. LAB MEDIA: Figure 4. Video Editor: Emphasize the ‘6h’ row.
6.6.3. LAB MEDIA: Figure 5. Video Editor: Emphasize the ‘6h’ row.
6.6.4. LAB MEDIA: Figure 6. Video Editor: Emphasize the ‘6h’ row.



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Zhucheng Lin: The inclusion of controls, unlabelled sEVs and dye control, is critical to avoid false-positive fluorescence signals due to non-specific labeling or presence of unbound dye particles. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.2.3

7.2. Richa Gupta: The uptake of sEVs can be confirmed by investigating biomolecular cargo transfer to recipient cells and tissues and determining the changes in expression levels of biomolecules or target genes. Behavior studies can also be performed to investigate the functional impact of sEV delivery.

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




 2021, Journal of Visualized Experiments	          May 30, 2021	Page 9 of 9
image1.png




