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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? (Y/N)  N
If yes, please list make and model of your microscope: and specify the steps by number/short description: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: (2.7), (2.8), (3.5), (3.6), (3.8), (3.9)
[bookmark: _GoBack]D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  3.5 4 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to sequentially track and quantify the migration, proliferation and differentiation of endogenous osteogenic stem and progenitor cells in bone fracture repair. (Intro) This is accomplished first by labeling Myxovirus Influenza Virus Resistance 1, or Mx1+ (Pronounce: M-X-one), cells in vivo by polyinosinic-polycytidylic acid injection and then eliminating the resident Mx1 hematopoietic cells by irradiation. (P1) In the second step, wild type bone marrow cells are systemically administered to the irradiated mice. (P2) Next, microfractures are generated in the mouse calvaria by needle drilling. (P3) Finally, sequential intravital imaging of the micro-fracture repair is performed. (P4)
Ultimately, these intravital images can be used to evaluate the dynamics of the osteogenic stem and progenitor cell influx and expansion into the fracture sites. (P5)

From Jove Revised Figure-Fnal.pdf
(P1) from Figure 2B, with “first by … injection” please show the first column of colored cells with their text labels (Mx1+ progenitor and Mx1- progenitor) then transition to second column of colored cells with text labels (Mx1+ osteoblast and Mx1-osteoblast) with “and then … irradiation” show 2.2.1. mouse being placed into irradiator
(P2) 2.2.2. cells being injected iv
(P3) from Figure 1, please show the mouse head from A and then have the needle graphic “scratch” the white lines into the skull
(P4) from Figure 1, please show one of the little mice under the cover slip and objective with the Day 0 text from A and maybe transition the 0 up to 20? Or write Day 0-20 above the objective
(P5) with “the dynamics … into the fracture sites” please show Figure 3 from Jove Revised Figure-Fnal.pdf

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. David Scadden: The main advantage of this technique over existing methods, like the mouse long-bone fracture model, is that the technique allows repetitive in vivo imaging of osteogenic stem and progenitors cells over the course of fracture healing.   
1.2. Dongsu Park: The implications of this technique extend toward the therapy of fracture healing and osteoporosis, as these methods offer a new tool for monitoring endogenous osteogenic stem and progenitor cells in bone regeneration and repair.
1.3. Joel Spencer: Visual demonstration of this method is critical, as the generation of the microfracture with minimal tissue damage and the repeated in vivo imaging of the fracture injury without inducing severe scar formation are important to the method and technically challenging.   

Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Microfracture injury
2.1. To label Mx1+ cells in vivo, begin by injecting 200 l of polyinosinic-polycytidylic acid per 20 g of Mx1-Cre (Pronounce: M-X-one-cree) reporter mouse weight intraperitoneally once every other day for 10 days.
2.1.1. WIDE: ~15 seconds Talent injecting mouse ip (e.g., Talent picks up mouse, injects it, puts mouse down) (Video Editor: At least Talent injecting animal, whatever works for length of narrative)
2.2. Then, to eliminate the resident Mx1 hematopoietic cells, irradiate the injected mice with a single dose of 9.5 Gy. After 24 hrs, transplant 1 x 106 wild type bone marrow cells intravenously per mouse. 
2.2.1. MED: Talent placing mouse into irradiation pie cages irradiator (Since irradiator is in animal facility in which video recording is prohibited, we will make a video showing that we put mouse in an irradiation pie cage) 
2.2.2. CU: Few seconds iv injection of bone marrow cells

2.3. Four to six weeks later, anesthetize the mouse by intraperitoneal injection with 50 l of ketamine/xylazine. After confirming sedation by toe pinch, clip the scalp hair of the bone marrow cell transplanted mouse and then sterilize the exposed skin with a 70% alcohol swab. 

Few seconds I.P injection of anesthetics 

2.3.1. ECU: Toe pinch (TEXT: Anesthesia: 100 mg/kg xylazine)

2.3.2. CU: Few seconds scalp hair being clipped with scissors 

2.3.3. CU: Few seconds skin being sterilized with alcohol swab

2.4. Apply tear gel to prevent corneal dehydration, and then make a transverse incision less than 1 cm long across the scalp, starting from one ear and ending at the other.

2.4.1. ECU: Tear gel being applied to at least one eye

2.4.2. ECU: Few seconds incision being made on scalp, starting at one ear, at least heading towards other

2.5. Next, turn the animal ~60° and continue the incision until it reaches ~2-3 mm from the nose. Using forceps, pull the flap of tissue toward the animal’s sides to separate the skin. 

2.5.1. MED: Talent turns mouse (Videographer: Have Talent’s hand mostly cover mouse in shot)

2.5.2. ECU: Incision being continued toward nose

2.5.3. ECU/CU: Flap being pulled toward at least one side with forceps

2.6. Both the frontal bones and the intersection of the sagittal and coronal sutures should now be clearly exposed. Flush the open surface with sterile PBS, and then gently wipe away the residual hairs with cotton swabs. 

2.6.1. ECU: Shot of exposed frontal bones and suture intersections (Video Editor: if possible, please indicate or outline frontal bones and the intersection of the sagittal and coronal sutures when mentioned) OR LAB MEDIA: 51289_Dongsu Park_Figure1B.psd (Video Editor: Please show image without labels/dotted lines and then have vertical dotted line, arrow, and “S.S” text appear with “sagittal” and “horiztonal” dotted line, arrow, and “C.S” text appear with “coronal sutures”)

2.6.2. ECU: Few seconds of open surface being flushed with PBS

2.6.3. ECU: Few seconds residual hairs being wiped away with cotton swabs

2.7. Then, to generate microfractures on the calvaria, hold the mouse head with one hand and a 30 gauge needle with the other. Use the 30 gauge needle tip to gently drill a micro-puncture on one side of frontal bones near the intersection of the sagittal and coronal sutures.

2.7.1. MED: Talent holding mouse with one hand, picks up needle with other

2.7.2. ECU: Few seconds of needle tip gently drilling micropuncture near suture intersections (TEXT: ~0.2 mm diameter, <1 mm depth) 

2.8. To avoid penetrating the brain, switch to a bigger gauge and twist the new needle to widen the puncture hole to ~0.5 mm in diameter. 

2.8.1. ECU: Bigger needle enters frame/micropuncture, then few seconds needle twisting in puncture

2.9. After generating a second puncture on the contralateral frontal bone, continuously drop PBS into each spot, wiping until the bleeding stops. 

2.9.1. LAB MEDIA: 51289_Dongsu Park_Figure1C.psd (Video Editor: Please show image with “Injury” text and then have arrows appear and stretch from text down to micropunctures)

2.9.2. ECU: At least one drop of PBS being dropped into at least one spot and being wiped at least once

2.10. Then, to avoid drying, apply a sufficient enough drop of sterile physiological saline solution onto the skull to fully cover the area. 

2.10.1. ECU: Drop of sterile physiological saline solution dropping onto skull, fully covering area

3. Intravital Imaging

3.1. To acquire the intravital images, first turn on the polygon-based laser scanner to allow simultaneous multi-channel image acquisition at a video rate of 30 frames per second.

3.1.1. WIDE: Talent turning on laser scanner

3.1.2. SCREEN: Video rate being set to 30 frames per second

3.2. Next, turn on the femto-second titanium-sapphire laser for multi-photon imaging. Set the power and wavelength to 880 nm for a second harmonic generation imaging of the calvarial bone at 440 nm. 

3.2.1. MED: Talent turns on titanium-sapphire laser

3.2.2. CU/SCREEN: Power and wavelength being set to 880 nm 

3.3. For GFP and tdTomato excitation, turn on the 491 nm and 561 nm solid-state lasers and then turn on the photomultiplier tube detectors for each signal: a 435 ±  20 nm band-pass filter for second harmonic generation, a 528 ± 19 nm band-pass filter for GFP, and a 590 ± 20 band-pass for tdTomato. 

3.3.1. CU/SCREEN: 491 laser being turned on then 561 laser being turned on (Videographer: Split action into separate steps as appropriate)

3.3.2. CU/SCREEN: each photomultiplier tube detector being turned on (Videographer: Split action into separate steps as appropriate)

3.4. Now place the animal on an XYZ-axis motorized microscope stage on top of an electric heating pad set to 37°C. Use tape to hold the mouse in position and then apply a drop of warm 2% methocellulose-based gel onto the skull to avoid drying.

3.4.1. MED/CU: Talent places animal on microscope stage on top of heating pad (Multiple takes; shot will be used again)

3.4.2. CU: Shot of one piece of tape being placed onto mouse

3.4.3. ECU: Shot of gel being placed onto skull

3.5. Put a cover glass on the imaging area. Then use a 30x water immersion objective with 0.9 NA and the XYZ axis controller to detect the SHG signal from the bones to find the surface of the calvaria. 

3.5.1. CU: Shot of cover glass being placed onto imaging area

3.5.2. MED/MED – over the shoulder: Talent selects 30x water immersion objective, then moves XYZ axis controller (possibly show looking for SHG signal on screen?)

3.6. Identify a crucial landmark location, such as the intersection between the sagittal sutures and coronal sutures, and acquire an image. 

3.6.1. LAB MEDIA: 51289_Dongsu Park_Suture Intersection.psd (Authors: please submit this figure) (Video Editor: If possible, please indicate the intersection with “intersection … sutures and”) (Please find an attached file)

3.6.2. SCREEN: Few seconds image being acquired

3.7. Mark the XYZ coordinates of the landmark and then continue to search for the location of injury using the SHG and fluorescence signals as guides. 

3.7.1. SCREEN: Few seconds XYZ coordinates being marked

3.7.2. SCREEN: Few seconds of scanning frontal bones for micropuncture

3.8. When each region of interest is found, acquire an image of the best focal plane containing the SHG and fluorescent signals from the cells of interest. Save the XYZ coordinates and the distance to the intersection of the sagittal and coronal sutures to define their precise location for the next round of imaging. 

3.8.1. SCREEN: Few seconds of image being acquired in SHG and fluorescent signals of interest

3.8.2. SCREEN: Few seconds XYZ coordinates and distance to intersection being saved

3.9. Then, to collect 3D cellular and bone structures of the fracture injury, record images in ~2-5 m Z-stack intervals with about a 100 m depth from the endosteal bone surface. 

3.9.1. SCREEN: Few seconds of 2-5 m Z-stack intervals being recorded at 100 m depth
 
3.10. Finally, after imaging both injury sites, use multiple drops of sterile saline to remove the 2% methocellulose gel from the skull.

3.10.1. ECU: A few drops of saline being dripped onto skull
 
3.11. Now coat the surface with antibiotics and cover the skull with the skin flaps. Re-close the scalp with hypoallergenic suturing thread and keep the animal in a warm recovery chamber until it regains sufficient consciousness.

3.11.1. ECU: Few seconds surface being coated with antibiotics

3.11.2. ECU: At least one skin flap being covered over surface

3.11.3. CU: Few seconds scalp being closed with suturing thread

3.11.4. MED: Talent places animal in recovery chamber (TEXT: Buprenorphine IM every 12 hrs for 48 hrs)

3.12. After 3 to 5 days, repeat the intravital imaging steps to track the cellular change during the healing of the fracture.

3.12.1. Use 3.4.1. mouse being placed onto microscope stage

4. Results: Representative osteogenic stem and progenitor cell imaging

4.1. In this representative experiment, two microfractures were generated on the frontal bones of trigenic Mx1-Tomato-Osteocalcin-GFP mice after irradiation and bone marrow replacement. Sequential 3D-intravital imaging of the microfractures showed a relocation of the Tomato osteogenic stem and progenitor cells within the site of the fracture at day 2 as well as their expansion at day 5, although no GFP+ osteoblasts were detected at this time. On day 12, a subset of osteoprogenitors near the fracture surface initiated the differentiation of TomatoGFP osteoblasts, as indicated by the arrow.

4.1.1. LAB MEDIA: 51289_Dongsu Park_Figure2C.psd 

(Video Editor: with “relocation … at day” please outline/highlight the Day 2 image; 

with “expansion on day 5” please outline/highlight the Day 5 image; 

with “On day 12 … arrow” please outline/highlight the Day 12 image and add the arrow when mentioned)

4.2. The accumulation of new osteoblasts and new bone formation on day 21 indicates that the migration and proliferation of the osteogenic progenitor cells was a major mechanism for supplying new osteoblasts for healing the fracture.

4.2.1. LAB MEDIA: 51289_Dongsu Park_Figure2C.psd (Video Editor: with “on day 21” please highlight/outline the Day 21 image; with “accumulation … new bone formation” add the arrow)

4.3. To test whether this method provides a consistent and quantitative output of osteoprogenitor numbers during fracture healing, Mx1-YFP+ osteogenic stem and progenitor cells were tracked for 14 days after injury. Small numbers of the progenitors were consistently detected at the injury site by 3 days. The cell numbers continuously increased at day 7, reaching a peak population at day 10 that was sustained at 14 days.

4.3.1.  LAB MEDIA: 51289_Dongsu Park_Figure3A.psd 

(Video Editor: please show the “injury” and “bone/Mx1+etc” texts then with “consistently .. by 3 days” please have the D3 column appear; 

with “cell numbers … at day 7” please have the D7 column appear; 

with “reaching … day 10” please have the D10 column appear; 

with “sustained at 14 days” please have the D14 column appear)

4.4. The kinetics of the generation of the osteoprogenitors was quantified by measuring the YFP signal intensity over time and correlated with that observed by intravital microscopy: the progenitors were first observed on day 3, peaked by day 10 and remained at a similarly high intensity through day 14.

4.4.1. LAB MEDIA: 51289_Dongsu Park_Figure3B.psd
 
(Video Editor: please show just the axes, legends, and “experiment 1 and 2” texts then with “measuring the YFP signal intensity” please highlight the far left y-axis legend text; 

with “over time” please highlight the x-axis legends; 

with “first observed on day 3” please have the day 3 data points appear; 

with “peaked by day 10” please draw the data lines from day 3 to the day 7 data points [have these points now appear] and then the lines continue to the day 10 data points which now appear; 

with “remained … day 14” please have the lines continue to the day 14 data points which now appear)

5. Conclusion (said by authors on camera)
5.1. Joel Spencer: While attempting this procedure, it’s important to remember that skilled suture techniques and minimum minimal bleeding can reduce the formation of scars and lower the background autofluorescence.
5.2. Dongsu Park: After watching this video, you should have a good understanding of how to image and track the migration, proliferation and differentiation of endogenous osteogenic stem and progenitor cells in the process of repairing bone fractures.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  


3.4.1. Lab media: 51289_Dongsu Park_Figure1B.psd
3.7.1. Lab media: 51289_Dongsu Park_Figure1C.psd
4.8.1. LAB MEDIA: 51289_Dongsu Park_Suture Intersection.psd
6.2.1. LAB MEDIA: 51289_Dongsu Park_Figure2C.psd 
6.3.1. LAB MEDIA: 51289_Dongsu Park_Figure2C.psd
6.4.1. LAB MEDIA: 51289_Dongsu Park_Figure3A.psd
6.5.1. LAB MEDIA: 51289_Dongsu Park_Figure3B.psd

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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