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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1., 3.10., 3.11., 4.9., 5.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
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. Rami Shahror: This method can help determine the bio-distribution of therapeutic stem cells following intranasal delivery to the brain [1].
 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Chung-Che Wu: The main advantage of this technique is that it facilitates the non-invasive delivery and tracking of mesenchymal stem cells to the [1].

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

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

1.3. Rami Ahmad Shahror: This technique maximizes the number of cells delivered to the site of injury and minimizes the incorporation of therapeutic cells into other tissues [1].

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

1.4. Chung-Che Wu: Although this technique provides insight into the use of mesenchymal stem cells in traumatic brain injury therapy, it can also be used for the investigation of non-traumatic brain injuries [1].

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

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Ethics Committee for Animal Use at Taipei Medical University. 



Section - Protocol
2. Superparamagnetic Iron Oxide (SPIO) Particle Mesenchymal Stem Cell (MSC) Labeling
2.1. For mesenchymal stem cell labeling with superparamagnetic iron oxide, add 6 milliliters of labeling medium to an 80%-confluent mesenchymal stem cell culture in a T75 (T-seventy-five) flask [1-TXT] for a 24-hour incubation at 37 degrees Celsius and 5% carbon dioxide [2].
2.1.1. WIDE: Talent adding medium to flask, with medium container visible in frame Videographer: Important step TEXT: See text for all medium/solution preparation details
2.1.2. Talent placing flask into incubator Videographer: Important step
2.2. The next day, carefully aspirate the supernatant [1] and wash the cells two times with 6 milliliters of PBS per wash [2].
2.2.1. Supernatant being aspirated
2.2.2. PBS being added to cells
2.3. To determine whether the cells have been successfully labeled, check the culture under a fluorescent microscope [1-TXT].
2.3.1. LAB MEDIA: Figure 1B TEXT: Prussian blue stain SPIO-labeled cells for non-fluorophore-tagged SPIO detection
3. Controlled Cortical Impact (CCI) 
3.1. To induce a CCI (C-C-I) injury, after confirming a lack of response to pedal reflex [1-TXT], use electronic clippers to shave the fur from the dorsal surface of the skull [2] and clean the shaved area several times with a sterile cotton swab soaked in iodine [3].
3.1.1. WIDE: Talent pinching toe Videographer: More Talent than mouse in shot Videographer: More Talent than mouse in shot TEXT: Anesthesia: zolazepam 50 mg/kg + xylazine 20 mg/kg i.p.
3.1.2. Fur being shaved
3.1.3. Iodine being applied
3.2. Use a cotton swab soaked in 70% ethanol to remove the iodine after the last swab [1] and place the animal in a stereotactic frame [2].
3.2.1. Skin being wiped
3.2.2. Talent placing mouse into frame Videographer: More Talent than mouse in shot
3.3. Secure the mouse with the ear and nose bars [1] and make a 2.5-centimeter midsagittal incision in the shaved skin to access the surface of the skull [2].
3.3.1. Mouse being secured
3.3.2. Incision being made
3.4. Use a cotton pad to remove the tissue covering the skull [1] and clean the skull surface for 10 seconds with a cotton swab soaked with 3% hydrogen peroxide [2].
3.4.1. Tissue being removed
3.4.2. Skull being cleaned
3.5. Dry the skull with a fresh cotton pad [1] and use a pencil to draw a 4-millimeter circle around the coordinates of choice on the exposed bone [2-TXT].
3.5.1. Skull being dried
3.5.2. Circle being drawn TEXT: e.g., AP -2.0 mm and ML +1.5 mm
3.6. Using a microdrill equipped with a 0.5-millimeter diameter round burr [1] carefully thin the skull at the marked circle without applying pressure [2-TXT].
3.6.1. Talent equipping drill with bit
3.6.2. Skull being thinned TEXT: Caution: Drilling through bone may cause brain parenchyma damage
3.7. Remove any bone dust with a clean and dry cotton swab [1] and use sterile fine forceps to carefully remove the resulting bone flap [2].
3.7.1. Bone dust being wiped
3.7.2. Bone flap being removed
3.8. When the dura mater has been exposed, transfer the mouse into the stereotactic frame of the CCI device [1] and secure the animal with the ear and nose bars so that the head is level in the rostral-caudal direction [2].
3.8.1. Talent placing mouse into frame Videographer: More Talent than mouse in shot
3.8.2. Mouse being secured 
3.9. Following the instructions on the control box, zero the impactor tip to the exposed cortical surface [1], using the X and Y control wheels on the base of the impactor to align the impactor tip directly above the desired cortex coordinates to be impacted [2].
3.9.1. Talent zeroing impactor tip
3.9.2. Tip being aligned directly above coordinates 
3.10. Use the control box to set the experiment parameters to a velocity of 5 meters/second, a dwell time of 250 milliseconds, and injury depth of 1 millimeter [1].
3.10.1. Talent setting parameters Videographer: Important step
3.11. To induce the mild injury, press the Impact button on the control box [1].
3.11.1. Impact button being pressed Videographer: Important step
3.12. Swab any bleeding that occurs with a sterile cotton swab [1] and remove the mouse from the frame [2].
3.12.1.  Skull being swabbed
3.12.2. Talent removing mouse from frame Videographer: More Talent than mouse in shot
3.13. Close the incision with silk surgical sutures [1] and apply topical antibiotics to the site [2] before placing the mouse onto a heating pad with monitoring until full recumbency [3-TXT].
3.13.1. Suture being placed
3.13.2. Antibiotics being applied
3.13.3. Talent placing mouse onto pad Videographer: More Talent than mouse in shot TEXT: See text for full post-injury care details
4. Intranasal MSC Delivery
4.1. One day after the injury, treat the superparamagnetic iron oxide-labeled mesenchymal stem cell culture with 3 milliliters of trypsin [1]. 
4.1.1. WIDE: Talent adding trypsin to flask, with trypsin container visible in frame
4.2. After 5 minutes at 37 degrees Celsius, stop the reaction with 7 milliliters of pre-warmed DMEM (D-M-E-M) medium supplemented with 10% fetal bovine serum [1] and collect the cell suspension into a 15-milliliter conical tube [2].
4.2.1. Talent adding medium to flask
4.2.2. Talent adding cells to tube, with empty flask visible in frame
4.3. Sediment the cells by centrifugation [1-TXT] and resuspend the pellet in PBS for counting [2].
4.3.1. Talent placing tube(s) into centrifuge TEXT: 5 min, 300 x g, RT
4.3.2. Shot of pellet if visible, then PBS being added to tube, with PBS container and hemacytometer visible in frame
4.4. Then adjust the cells to a 1.5 x 105 cells/18 microliters of PBS concentration [1].
4.4.1. Talent adding PBS to tube, with PBS container visible in frame
4.5. For cell delivery, after confirming a lack of response to toe pinch [1], scruff the mouse while immobilizing the skull [2].
4.5.1. ECU: Toe being pinched
4.5.2. Mouse being scruffed/skull being immobilized Videographer: Shot will be used again
4.6. Place the tip of a pipette containing 4 units of hyaluronidase per microliter of PBS near the nare of the mouse at a 45-degree angle [1] and administer 3 microliters of hyaluronidase suspension into each nostril [2].
4.6.1. Pipette being placed near nostril
4.6.2. Solution being dispensed
4.7. Place the animal face up on a clean pad for 5 minutes [1] before repeating the treatment four more times for a total of 100 units of hyaluronidase treatment [2].
4.7.1. Talent placing animal onto pad Videographer: More Talent than mouse in shot
4.7.2. Talent delivering to hyaluronidase mouse Videographer: More Talent than mouse in shot
4.8. After the last treatment, place the mouse back onto the pad for 30 minutes [1] before restraining the mouse as just demonstrated [2].
4.8.1. Talent placing animal onto pad Videographer: More Talent than mouse in shot
4.8.2. Use 4.5.2. Mouse being scruffed
4.9. With the head immobilized, administer 3 microliters of the mesenchymal stem cell suspension into each nostril over a period of 3 seconds per solution delivery [1-TXT], holding the mouse in position for 30 seconds until the sample drops have completely disappeared [2].
4.9.1. MSC being delivered. Mouse being held in position. Videographer: Important step TEXT: Caution: Avoid bubbles
4.10. After 2 minutes, repeat the delivery up to three times until the entire volume of mesenchymal stem cell has been delivered [1].
4.10.1. Talent delivering MSC to mouse Videographer: More Talent than mouse in shot Author comment: This shoot has been combined with 4.9.1
4.11. Then return the mouse to its cage with monitoring until full recumbency [1].
4.11.1. Talent placing mouse into cage Videographer: More Talent than mouse in shot
5. In Vivo Magnetic Resonance Imaging (MRI)
5.1. To track the migration of the mesenchymal stem cells by MRI, place the anesthetized mouse onto the imaging holder of the MR imager [1-TXT] Then secure the animal in place and move the holder to the center of the MRI coil [2]
5.1.1. WIDE: Talent placing mouse onto holder TEXT: Anesthesia: 1.5-2% isoflurane
5.1.2. Mouse being secured. Talent moving holder to center of coil
5.2. Set the repetition time to 1500 milliseconds and the echo time to 2.8 milliseconds [1].
5.2.1. [bookmark: _GoBack]Talent setting times, with monitor visible in frame Videographer: Important step Author comment: This shoot has combined with 5.1.2.

5.3. Then set the field of view to 16- x 16-millimeters, the acquisition matrix to 128 x 128, and the slice thickness to 0.75- x 0.8-millimeter with four signal averages and a 90-degree flip angle to acquire T2 (T-two) star-weighted scans using a spin-echo sequence [1].

5.3.1. SCREEN: screenshot_1: 00:00-00:06

5.4. After completing the scans, retract the mouse holder from the MRI coil center [1] and return the mouse to its cage with monitoring until full recumbency [2].

5.4.1. Talent retracting mouse Videographer: More Talent than mouse in shot
5.4.2. Talent placing mouse into cage Videographer: More Talent than mouse in shot

6. MSC Tracking and Quantification

6.1. To track and quantify the labelled mesenchymal stem cells on the T2 star-weighted images, open the data in ITK-SNAP (I-T-K-snap) [1] and select Active Label to create segmentations of the hypointense areas and the lesion or other brain parts of interest, using different label colors for each segment [2].

6.1.1. WIDE: Talent at computer, opening images, with monitor visible in frame
6.1.2. SCREEN: screenshot_2: 00:00-00:06

6.2. Use the Polygon tool in the Main Toolbar to select the hypointense areas containing the superparamagnetic iron oxide-labelled mesenchymal stem cells and click Accept [1].

6.2.1. SCREEN: screenshot_2: 00:07-00:17

6.3. The segmented areas will appear in the same color as the active label assigned to that particular segment [1-TXT].

6.3.1. SCREEN: screenshot_02: 00:18 TEXT: Repeat segmentation for all MRI slices

6.4. When all of the slices have been segmented, use the Scalpel Tool to develop a 3D map of the segmented areas to represent the mesenchymal stem cell distribution in the whole brain [1].

6.4.1. SCREEN: screenshot_3: 00:00-00:15

6.5. To perform a quantitative analysis of the volume and intensity mean of the segmented hypointense areas representing the labelled cells, click Segmentation and select Volume and Statistics [1]. 

6.5.1. SCREEN: screenshot_3: 00:24-00:34



Section – Results
7. Results: Representative SPIO-Labeled MSC Detection and Tracking 

7.1. Twenty-four hours following intranasal delivery, superparamagnetic iron oxide-labeled mesenchymal stem cells are detected as strong hypointense areas medial to the cortical injury on T2-star-weighted images [1], indicating the targeted migration of superparamagnetic iron oxide to the injury site [2].

7.1.1. LAB MEDIA: Figure 2A: JoVE Video Editor please add/emphasize arrowheads in 1 Day TBI + SPIO labelled MSCs image
7.1.2. LAB MEDIA: Figure 2A

7.2. This migration remains visible up to 14 days post-delivery without any notiecable reduction in signal [1].

7.2.1. LAB MEDIA: Figure 2A: JoVE Video Editor please add/emphasize arrowheads in 14 Days TBI + SPIO labelled MSCs image

7.3. Injured animals treated with PBS do not exhibit hypointense areas at any time point [1], indicating that the observed hypointense areas correspond to the superparamagnetic iron oxide-labeled mesenchymal stem cells and are not due to signal artifacts [1].

7.3.1. LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize TBI + PBS images
7.3.2. LAB MEDIA: Figure 2A

7.4. The biodistribution of the labeled mesenchymal stem cells can be visualized using 3D reconstruction [1], histologically by Prussian blue staining [2], or by fluorescence detection of FITC (FIT-C)-tagged superparamagnetic iron oxide within the labeled mesenchymal stem cells [2].

7.4.1. LAB MEDIA: Figures 2B and 2C
7.4.2. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize blue staining in Figure 3C
7.4.3. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize green signal in figure 3D




Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Rami Ahmad Shahror: Be sure to validate the MRI results with histology or other methods, as the superparamagnetic iron oxide particles can remain in tissues after the cells die, leading to false-positive signals [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Chung-Che Wu: Following this procedure, possible temporal and non-invasive tracking and quantification can be applied to answer questions regarding the homing abilities and retention of mesenchymal stem cell in the brain [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.3. Chung-Che Wu: After its development, this technique has paved the way for researchers in field of regenerative medicine to explore methods for improving cell homing to specific areas of the brain [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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