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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
Zeiss Discovery.V8 SteREO microscope.  Has attached digital camera with SD card slot and HDMI port. The HDMI is reported to work, but SD functionality is uncertain.
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.8., 3.2., 3.3., 4.12., 4.13., 5.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.8. – craniectomy: by far the most difficult. It requires a great deal of practice to learn the right combination of force, tangential movement, and drilling depth to make a bone flap without causing collateral damage to the underlying brain.
5. Will the filming need to take place in multiple locations? Y, different rooms same floor





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. Orion Furmanski: Our protocol demonstrates a comprehensive preclinical workflow for testing the therapeutic efficacy of human induced pluripotent stem cells after brain injury [1].

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

1.2. Michael D. Nieves: This model of traumatic brain injury provides a high degree of versatility and reproducibility by tightly controlling the parameters of the mechanical force and therefore producing a well-defined injury [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. Orion Furmanski: These procedures can be used to study injury and recovery processes in other brain regions and the transplantation method is amenable to use with many cell types [1].

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

1.4. Michael D. Nieves: Cranial drilling is challenging, as the technique requires manual dexterity to master the appropriate pressure, speed, depth, and smooth movements. Document all of the events and practice extensively [1].

1.4.1. INTERVIEW: Above Talent speaking 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 Institutional Animal Care and Use Committee (IACUC) at the Uniformed Services University.

Section - Protocol
2. Craniectomy 

2.1. To perform a unilateral craniectomy, confirm a lack of response to toe pinch in the anesthetized mouse [1-TXT] and secure the mouse in a stereotaxic frame [2].

2.1.1. WIDE: Talent pinching toe Videographer: More Talent than mouse in shot TEXT: Anesthesia: 3% -> 2% isoflurane
2.1.2. MED: Talent placing mouse into frame Videographer: More Talent than mouse in shot

2.2. Apply antibiotic ophthalmic ointment to the eyes with a sterile cotton swab [1] and iodine-based solution to the shaved scalp area [2].

2.2.1. ECU: Ointment being applied
2.2.2. CU: Iodine being applied

2.3. Remove the iodine with 70% ethanol [1] and cover the animal with a fenestrated surgical drape [2].

2.3.1. CU: Iodine being removed
2.3.2. MED: Talent covering mouse with drape Videographer: More Talent than mouse in shot

2.4. Make a 1.5-2-centimeter midline incision on the scalp [1] and use sterile cotton swabs to clean the wound and to clear the fascia left of the midline at bregma [2].

2.4.1. CU: Incision being made
2.4.2. CU: Wound being cleaned/fascia being cleared

2.5. Use an impactor probe to identify the craniectomy site [1] and set the X = 0, Y = 0 stereotaxic reference point to bregma [2].

2.5.1. CU: Craniectomy being identified
2.5.2. MED: Talent setting reference point to bregma Videographer: More Talent than mouse in shot

2.6. Adjust the probe laterally to 2-millimeters left of the midline [1]. Use a fine-tip, surgically-safe marker to landmark a 5-millimeter diameter circle around the probe [2]. Raise and rotate the impactor out of position [3] and complete the 5-millimeter circle [4]. Briefly return the impactor into position to verify accuracy of the 5-millimeter circle [5].

2.6.1. CU: Probe being adjusted
2.6.2. CU: Probe being landmarked
2.6.3. Added shot – CU: Impactor being raised/rotated out of position
2.6.4. Added shot – CU: Circle being drawn
Added shot – CU: Probe being positioned and compared to circle. NOTE: Shot not numbered according to author notes, but matches the 4.6.5 voice over

2.7. Then raise and rotate the impactor out of position [1] and use a high-speed rotary micromotor kit hand tool equipped with a round-tip 0.6- or 0.8-millimeter burr drill bit to make an open hole in the skull at 70-80% maximum speed [2].

2.7.1. CU: Impactor being raised/rotated out of position
2.7.2. Talent equipping drill with bit

2.8. Apply light pressure to the skull while drilling along the 5-millimeter circumferential outline to thin this border [1] and use forceps to lift the resulting bone flap [2].

2.8.1. CU: Outline being drilled
2.8.2. CU: Bone flap being removed

2.9. Michael D. Nieves: Drilling through suture lines may present additional difficulty, as the bone is interrupted and requires additional pressure. Blood vessels may be in close association and therefore bleeding events are likely [1].

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

3. Controlled Cortical Impact

3.1. To induce a mild controlled cortical impact injury, clean the impactor probe with a sterile alcohol prep pad [1] and move the impactor probe back into position over the exposed cortex [2].

3.1.1. WIDE: Talent cleaning probe
3.1.2. CU: Probe being moved into position

3.2. Lower the probe until it touches the dura mater surface [1] and mark this position as Z = 0 [2].

3.2.1. CU: Probe being lowered to surface
3.2.2. CU: Position being marked

3.3. Withdraw the piston and move to Z = minus 1 millimeter [1] and discharge the piston to impact the cortex [2].

3.3.1. CU: Piston being withdrawn/moved to -1 mm
3.3.2. CU: Piston being discharged  

3.4. Immediately raise the piston and move the arm out of position [1] and irrigate the cortex with a generous volume of saline [2].

3.4.1. CU: Piston being raised/arm being moved
3.4.2. CU: Cortex being irrigated

3.5. Rinse the surgery site with saline as needed [1] and use simple interrupted stiches and 5.0 silk suture to close the scalp incision [2].

3.5.1. CU: Site being rinsed
3.5.2. CU: Incision being closed

3.6. Then deliver 10 milligrams/kilogram of cyclosporine A by subcutaneous injection into the scruff [1] and place the mouse in a clean, pre-warmed postoperative cage with monitoring until full recovery [2-TXT].

3.6.1. CU: CsA being injected
3.6.2. MED: Talent placing mouse into cage TEXT: Analgesia: acetaminophen 1 mg/mL in drinking H2O Videographer: More Talent than mouse in shot
 
4. Stereotaxic Transplantation of Cell Suspension

4.1. Roughly 24 hours after the craniectomy, place the mouse back into the stereotaxic frame [1]. Cover the mouse with a fenestrated surgical drape [2]. Lavage the incision site with sterile saline to clean the site and to loosen the sutures [3]. NOTE: Authors filmed with and without covering the mouse, but they indicate that it’s best to use the shots with the mouse covered to avoid issues with their ACUC.

4.1.1. WIDE: Talent placing mouse into frame Videographer: More Talent than mouse in shot
4.1.2. Added shot – MED: talent placing drape over mouse
4.1.3. CU: Site being lavaged

4.2. Use a 70%-ethanol-soaked cotton swab to gently sterilize the incision site [1] and use fine tweezers and ophthalmic scissors to remove the sutures [2].

4.2.1. CU: Incision site being swabbed
4.2.2. CU: Suture(s) being removed

4.3. Then irrigate the surgery and craniectomy site with abundant sterile saline [1]. 

4.3.1. CU: Site being irrigated

4.4. In a cell culture biosafety hood, gently swirl or tap the tube of cells to ensure a homogeneous cell suspension [1] and use a micropipette to load approximately 7.5 microliters of cells into a Hamilton syringe through the plunger end [2].

4.4.1. MED: Talent swirling or tapping the tube
4.4.2. CU: Cells being loaded into syringe TEXT: 3.75 x 105 cells/7.5 microliters medium  

4.5. Holding the syringe at a 120° angle with the plunger end facing down [1], insert the plunger, taking care not to introduce an air bubble between the suspension and plunger tip [2].

4.5.1. CU: Syringe being turned to 120° angle
4.5.2. CU: Plunger being inserted

4.6. Attach the gasket assembly to the pipette needle [1] and attach the needle to the syringe [2].

4.6.1. CU: Gasket assembly being attached to needle
4.6.2. CU: Needle being attached to syringe

4.7. Push the plunger to move cell suspension into the pipette needle [1-TXT] and attach the syringe to the stereotaxic syringe pump [2].

4.7.1. CU: Plunger being pushed TEXT: If resistance, enlarge tip diameter w/ tweezers 
4.7.2. CU: Syringe being loaded onto pump

4.8. Advance the plunger to make sure the syringe pump assembly is working properly [1] and move the needle into the coordinates for injection [2].

4.8.1. CU: Plunger being advanced
4.8.2. CU: Needle being moved to coordinates

4.9. Align the needle tip to bregma [1] and set the X and Y coordinates to 0 [2].

4.9.1. CU: Tip being aligned
4.9.2. MED: Talent setting coordinates

4.10. Move the needle tip over the craniectomy to 2-millimeters lateral and minus 1-millimeter posterior to bregma [1] and touch the needle tip to the dura mater surface [2]. Raise the needle slightly [3], then make a small incision in the dura mater at the location where the needle made contact [4].

4.10.1. CU: Tip being moved over craniectomy
4.10.2. CU: Needle tip being touched to dura mater surface
4.10.3. Added shot – CU: Needle being raised
4.10.4. Added shot – CU: Small opening being made in the dura mater

4.11. Set the stereotaxic coordinate to Z = 0 [1] and push the plunger to confirm that the cell suspension is flowing adequately before introducing the needle into the brain [2].

4.11.1. MED: Talent setting Z coordinate
4.11.2. CU: Plunger being pushed 

4.12. [bookmark: _GoBack]Introduce the needle into the brain to a depth of Z = minus 1.4 millimeters to place the graft at the gray matter-white matter border of the deep cortex [2] and start the syringe pump to infuse the cell suspension over a 15-minute period [3]. NOTE: Authors changed numbering in voice-over text but did not mention an added shot. 

4.12.1. CU: Needle being inserted
4.12.2. CU: Cells being delivered

4.13. Use a long working distance microscope to monitor cell suspension outflow [1], irrigating the surgery site with sterile saline during the injection to maintain tissue hydration [2].

4.13.1. LAB MEDIA: To be provided by Authors: Shot of cell suspension outflow
4.13.2. CU: Site being irrigated

4.14. When all of the cells have been delivered, slowly withdraw the transplantation needle [1] and irrigate the surgery site with additional saline [2] before closing the incision with new sutures [3].  

4.14.1. CU: Needle being withdrawn
4.14.2. CU: Site being irrigated
4.14.3. CU: Sutures being placed

4.15. Then deliver postoperative care as demonstrated [1].

4.15.1. MED: Talent injecting mouse Videographer: More Talent than mouse in shot

5. Sensorimotor Integration Adhesive Tape Removal Test 

5.1. For an adhesive tape removal test, first use a small razor knife to cut yellow and red pieces of electrical tape into 3- x 5-millimeter strips on a smooth glass surface [1].

5.1.1. WIDE: Talent cutting adhesive strips

5.2. Bring the mice into the behavior testing room for at least 30 minutes prior to the testing [1] and use a handling cloth to restrain a mouse by the scruff of the neck [2] and back such that the mouse holds the forepaws away from its body and head [3].

5.2.1. MED: Talent bringing mice into room
5.2.2. CU: Mouse being restrained
5.2.3. CU: Shot of mouse holding forepaws away from body and head Videographer: Can combine 5.2.2. and 5.2.3. as appropriate/necessary

5.3. Use tweezers to place an adhesive strip on the plantar surface of each forepaw [1] and use delicate and consistent finger pressure to secure the strips to the paws [2].

5.3.1. CU: Strip being placed onto second forepaw, with first piece also visible in frame
5.3.2. CU: Strip being secured with pressure

5.4. Quickly place the mouse into the plastic cylinder [1] and start two stopwatches when the mouse has all four paws on the plastic testing box [2].

5.4.1. MED: Talent placing mouse into cylinder
5.4.2. CU: Shot of all four paws on plastic testing box

5.5. Then use the two stopwatches to record the latencies [1] for left paw notice [2] … left paw removal [3] … right paw notice [4] … and right paw removal [5].

5.5.1. MED: Talent holding stopwatch and watching mouse
5.5.2. CU: Shot of left paw notice
5.5.3. CU: Shot of left paw removal
5.5.4. CU: Shot of right paw notice
5.5.5. CU: Shot of right paw notice
Section – Results
6. Results: Representative Sensorimotor Integration and Human Cell Grafting After Brain Injury

6.1. In this pilot experiment, forelimb function was compared in craniectomy alone, controlled cortical impact injury, and naïve mice [1].

6.1.1. LAB MEDIA: Figures 3A, 3B, and 3C

6.2. Mice that underwent surgery exhibited transient, increased latencies to notice adhesive stimuli for 1-3 days immediately after the surgery [1] and transient postoperative deficits in adhesive removal from the ipsilateral forepaw [2].

6.2.1. LAB MEDIA: Figures 3A, 3B, and 3C: JoVE Video Editor please emphasize green and orange data lines from days 1-3 in both graphs

6.2.2. LAB MEDIA: Figure 3C: JoVE Video Editor please emphasize green and orange data lines from days 1-3

6.3. Mice that underwent controlled cortical impact, however, exhibited significant deficits in motor performance in the forepaw contralateral to the injury [1] compared to naïve mice out to postoperative day 28 [2].

6.3.1. LAB MEDIA: Figure 3D: JoVE Video Editor please emphasize orange data line from days 1-28
6.3.2. LAB MEDIA: Figure 3D: JoVE Video Editor please emphasize blue data line from days 1-28

6.4. Immunostaining of mouse brain sections for human nuclear antigen [1] reveals that human cell grafts can be clearly distinguished from host tissues in sham surgery [2] and controlled cortical impact brains [3].

6.4.1. LAB MEDIA: Figure 4
6.4.2. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize brown staining in Sham images
6.4.3. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize brown staining in CCI images




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

7.1. Orion Furmanski: (Step: 2.8) Steady hands, patience, and practice are crucial for developing a good craniectomy technique. Collateral damage from an improper craniectomy can compromise the area you want to target for cell transplantation [1].

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

7.2. Michael D. Nieves: Brain tissue sections can be analyzed for the expression of neuroinflammatory markers, as it is valuable to know how the graft affects the host tissue injury response and vice versa [1].

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

7.3. Michael D. Nieves: We were surprised to find subtle sex differences in post-injury behavior outcomes. We are now investigating whether sex plays a role in the neuroimmune response to brain injury [1]. 

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

7.4. Orion Furmanski: You must observe standard laboratory safety procedures when handling cultured human cells and when handling syringe needles that come into contact with rodents or immunosuppressant drugs [1].

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