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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?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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. Please upload all screen captured video files to your project page as soon as possible.

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?
      Author interview statement opt out. Statements removed completely.

4. Filming location: Will the filming need to take place in multiple locations?   Yes
One is a place for experimental animals and surgical experiments. The other is for analysis (in this study, the imaging center). The above two places are located on different floors.
 

Current Protocol Length
Number of Steps:  10
Number of Shots:  19

Introduction

1. Introductory Interview Statements

1.1. Lumbar puncture is a relatively well-established method in humans, but not in a rodent for research purposes. This study reports an intraspinal cavity administration method in a rat model.

1.1.1. LAB MEDIA: 2.4.1, 2.4.2, 2.5.1, 2.5.2 

1.2. This method allows for noninvasive delivery of drugs or substances of interest into the rat’s spinal cavity.

1.2.1. LAB MEDIA: Figure 3

1.3. It can be applied for research purposes using large animals instead of rats, and the therapeutic effectiveness can be evaluated by administering candidate substances for treatment of the disease model into the spinal cavity.

1.3.1. LAB MEDIA: 3.3.1., 3.3.2


Ethics Title Card
1.4. This study was approved by the Institutional Animal Care and Use Committee of the Samsung Biomedical Research Institute (SBRI) at Samsung Medical Center. 


Protocol
2. Intraspinal cavity injection of WJ-MSCs 
2.1. Begin by preparing for the interspinal cavity injection [1]. Shave the surgical area of the anesthetized mouse using an electric shaver for small animals [2], then disinfect the area using povidone-iodine [3].
2.1.1. WIDE: Talent in front of the experimental setup.
2.1.2. Talent shaving the surgical area of rat.
2.1.3. Talent disinfecting the surgical area.

2.2. Create a 3-centimeter incision in the skin with a surgical blade [1]. Resect the remaining skin and muscle tissue [2], then reveal the spinous processes at lumbar 2 to 3 [3]. Videographer: This step is important!
2.2.1. Talent making an incision in the skin. 
2.2.2. Talent separating the skin and muscle tissue. 
2.2.3. Talent revealing the spinous processes. 

2.3. For Injection of DiD-labeled WJ-MSCs in the intraspinal cavity, place the rat in prone position and, using tissue paper, flex the rat’s spine to widen the distance between adjacent spinous processes [1]. Videographer: This step is important! 
2.3.1. Talent placing the rat in appropriate position.

2.4. Fill a 1-milliliter syringe with 0.2 milliliters of DiD-labeled WJ-MSCs [1-TXT]. Place a 23-gauge syringe-needle combination vertically between the spinous processes of L2 and L3 and insert the needle until it touches the vertebral body [2]. Videographer: This step is difficult and important!
2.4.1. Talent filling the syringe. TXT: WJ-MSCs: Wharton’s jelly-derived mesenchymal stem cells
2.4.2. Talent inserting the needle in the vertebral body. 

2.5. As the needle touches the vertebral body, retract it approximately 0.5 centimeters by placing the tip of the needle in the spinal canal [1], then tilt the syringe to point the tip of the needle toward the rostral direction and inject WJ-MSCs into the spinal cavity over a 1-minute period [2]. Videographer: This step is difficult and important!
2.5.1. Talent adjusting making the necessary arrangement by adjusting tip of the needle in the spinal canal.
2.5.2. Talent injecting the solution in the spinal cavity. 

2.6. After injection, completely remove the syringe from the spinal canal [1], then suture the incision and disinfect the surgical site using povidone-iodine [2]. Videographer: This step is important!
2.6.1. Talent removing the syringe from the spinal canal.
2.6.2. Talent stitching the incision and disinfecting the surgical site. 

2.7. Stabilize and restrain the rat by placing it upside-down at a 45-degree angle for 15 minutes [1], then discontinue the anesthesia and wait for the rat to rouse [2]. Videographer: This step is important!
2.7.1. Talent restraining the rat.
2.7.2. Talent stopping anesthesia.

3. Ex vivo DiD fluorescent optical imaging
3.1. Place the isolated tissues in the chamber for optical imaging [1].
3.1.1. Talent keeping the tissues in imaging device.

3.2. Set the parameters to emission at 700 nanometers, excitation at 605 nanometers, and exposure time for 2 seconds, then capture the optical images [1].
3.2.1. SCREEN: Talent setting up the instrument and capturing images. Authors: Please follow our screen capture guidelines and upload the video to your project page: https://www.jove.com/account/file-uploader?src=18964338
Videographer: Film the screen for all SCREEN shots as backup.

3.3. To analyze the images, draw three rectangular regions of interest of equivalent size for the spinal cord and one for the brain using the drawing tool [1] and measure the fluorescent intensities [2]. 
3.3.1. SCREEN: Talent marking ROI.
3.3.2. SCREEN: Talent measuring the fluorescent intensities. 



Results

4. Results: Delivery of human MSCs via intraspinal cavity injection and tracking their migration 
4.1. MSCs stained with DiD labeling reagent appeared red compared to naïve MSCs, which did not show any positive signal [1].
4.1.1. LAB MEDIA: Figure 1A.

4.2. MSCs stained with DAPI were observed by fluorescence microscopy [1]. Naïve MSCs appeared blue [2], whereas DiD-labeled MSCs showed both blue and red colors [3]. 
4.2.1. LAB MEDIA: Figure 1B.
4.2.2. LAB MEDIA: Figure 1B. Video Editor: Emphasize on upper panel.
4.2.3. LAB MEDIA: Figure 1B. Video Editor: Emphasize on bottom panel.

4.3. The injected trypan blue dye stained spinal cord tissues like lumbar, thoracic, and cervical cords [1]. Only inferior and superior sides of the brain were stained blue [2] and the dye did not penetrate the lateral ventricle of the brain [3].
4.3.1. LAB MEDIA: Figure 2: Video Editor: Emphasize on upper panel.
4.3.2. LAB MEDIA: Figure 2: Video Editor: Emphasize on lower panel.
4.3.3. LAB MEDIA: Figure 2: Video Editor: Emphasize on lower panel labelled with ventricle.

4.4. Compared to signals in the control [1], high and condensed positive signals were detected in lumbar spinal cords immediately post-injection [2]. After 6 hours, positive signal dispersed throughout the lumbar spinal cord [3]. 
4.4.1. LAB MEDIA: Figure 3A. Video Editor: Emphasize on image marked with CTL.
4.4.2. LAB MEDIA: Figure 3A. Video Editor: Emphasize on image marked with 0 h.
4.4.3. LAB MEDIA: Figure 3A. Video Editor: Emphasize on image marked with 6 h.

4.5. After 12 hours, high positive signals were observed in lumbar, cervical cord, and in the brain region [1]. 
4.5.1. LAB MEDIA: Figure 3A. Video Editor: Emphasize on image marked with 12 h.

4.6. Significant increase in signal intensity was identified in the lumbar spinal cord at 0 hours and in the brain at 12 hours post-injection [1]. 
4.6.1. LAB MEDIA: Figure 3B. Video Editor: Emphasize on lumbar and brain region in the graph.

4.7. qPCR with a human-specific ALU primer was used to evaluate the in vivo distribution and migration of DiD-labeled MSCs. The ALU sequence was highly amplified in the 12-hour sample [1]. In both samples, mouse Gapdh (pronounce ‘Gap-D-H’) was highly amplified, indicating that human MSCs were present only in the 12-hour group sample [2]. 
4.7.1. LAB MEDIA: Figure 4A. Video Editor: Emphasize on row marked with ALU.
4.7.2. LAB MEDIA: Figure 4A. Video Editor: Emphasize on row marked with Gapdh.

4.8. The majority of MSC distribution was detected only in the brain at 12 hours post-injection [1].
4.8.1. LAB MEDIA: Figure 4B.

 Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. To minimize nerve damage, do not move left or right when the needle is inserted. Also, be careful not to let the tip of the needle penetrate the vertebral body toward the abdomen. Before performing the procedure, pre-mark the depth on the needle.

5.1.1. 2.4.1, 2.4.2, 2.5.1, 2.5.2
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