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Authors, please fill out the brief questionnaire below.   

A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____No (authors, this reply was changed to “no” since you have an attached computer to obtain microscopy images)_____ If yes, please list make and model of your microscope: ________Leica SP5_upright_____________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) __YES_____ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___YES_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___Imaging steps_______________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______imaging protocol set up, balance timing and quality________________________

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 obtain high-resolution 3D stacks containing hematopoietic stem and progenitor cells and to monitor them over time through multi-point time-lapse imaging. (Intro)

This is accomplished by first labeling the hematopoietic stem and progenitor cells, or HSPCs, with a lipophilic dye. (P1)
Editors, as this point is narrated, please start with the left-most image of the “C57/B6 FACS-purified HSPCs” in the “graphic overview” file.  Then transition to the second image showing the cells as red after dye has been applied.  

The HSPCs are then injected into a recipient mouse.  The mouse is prepared for microscopy using a customized headpiece and specimen holder for stable animal positioning. (P2)
Editors, as the first sentence is narrated, please show the second image of the cells and the third image of the mouse.  If possible, animate by making the cells shrink as they are moved toward the mouse’s tail.  Then have the cells disappear, to appear like they went into the end of the mouse’s tail.  As the second sentence is narrated, and if possible, please use shot 3.6.2 (close up of the headpiece as talent attaches to the holder) to aid in the illustration of a headpiece and then animate its attachment to the mouse’s head.  Otherwise, the image of the mouse only can remain as this point is narrated.

Next, the high resolution stacks of hematopoietic stem and progenitor cell niches are obtained and time-lapse imaging of multiple bone marrow locations containing HSPCs is performed. (P3)
Editors, please transition to the final image of the microscope as this point is narrated.

Ultimately, intravital confocal and two photon microscopy is used to show the localization and movement of HSPCs in the bone marrow space. (P4)
Editors, please show HSC_movie.mov as this point is narrated.

[image: ]

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Mark Scott:  The main advantage of this technique over existing methods, like immunofluorescence of bone marrow sections, is that it provides information on a four dimensional scale: 3D plus time.  
1.1.1. MED:  Mark speaks toward camera, interview style.
1.2. Cristina Lo Celso:  The implications of this technique extend toward therapy of hematological diseases, because it helps understanding where we need to direct hematopoietic stem cells within the bone marrow to guarantee their correct functioning. 
1.2.1. MED:  Christina speaks toward camera, interview style.
1.3. Mark Scott:  We first had the idea for this method, when we realized how crucial it is to follow multiple HSPCs over time.  This method can help answer key questions in the stem cell niche field, such as where do stem cells reside and how do they behave over time. 
1.3.1. MED:  Mark speaks toward camera, interview style.
1.4. ** Cristina Lo Celso:  Demonstrating the procedure will be Dr. Akinduro, a post doc, from my laboratory.  
1.4.1. MED:  Christina speaks toward camera, interview style.
1.4.2. MED:  Dr. Akinduro looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):
2. Labeling and injection of HSPCs
2.1. To begin, harvest the hematopoietic stem and progenitor cells as demonstrated by this laboratory in a previous JoVE video and referenced in the text protocol.
2.1.1. Title Card.  
2.2. Next, add the lipophilic dye, DiD (pronounced “D-I-D”), to the cell suspension at a final concentration of 5µM.  Vortex the suspension immediately to ensure the dye doesn't precipitate out of solution and fail to label the cells. 
2.2.1. MED:  Talent adds DiD to the cell suspension from a labeled container.
2.2.2. CU:  Cell suspension as talent vortexes the suspension.
2.3. Incubate the cells for 10 minutes at 37°C.  To wash the cells, first spin at 500 x g for 5 minutes and decant the liquid.
2.3.1. MED-over the shoulder:  Talent leaves the cells to incubate at 37°C.  
2.3.2. MED:  Talent places the cell suspension into the centrifuge, shuts lid, and turns on.
2.4. Then, re-suspend the cells in 200µl of PBS and collect into an insulin syringe.  An insulin syringe is recommended over a conventional syringe because it has no needle dead space, allowing administration of the entire cell suspension to the mouse.
2.4.1. MED-over the shoulder:  Talent re-suspends the cell pellet in 200µl of PBS.
2.4.2. CU:  Insulin syringe as talent aspirates the suspension into the syringe.
2.5. To inject cells into a lethally irradiated mouse via tail vein injection, first place the mouse in a warm chamber.  Once the tail vein appears vaso-dilated, move the mouse into the restrainer.
2.5.1. MED-over the shoulder:  Talent places the mouse in a warm chamber.
2.5.2. CU:  Restrainer as talent moves the mouse there.
2.6. Carefully slide the needle into the tail vein.  Inject the cells into the vein - no resistance to injection should be encountered.  
2.6.1. MED:  Talent bends the needle at a 90° angle inserts the needle into the tail vein and injects the cells.
2.6.2. ECU:  Talent carefully slides the bent needle along the surface of the tail vein until it enters the vessel and injects the cells into the vein.  
2.7. Leave the mouse overnight in order to allow the cells to migrate to the bone marrow spaces.
2.7.1. MED-over the shoulder:  Talent leaves the mouse in its cage.
3. Preparing the mouse for imaging 
3.1. Anesthetize the mouse and monitor the onset of deep anesthesia via the pedal reflex.  Swab the top of the scalp with 70% ethanol on a tissue, being careful not to get any ethanol in the eyes of the mouse. 
3.1.1. CU:  Mouse as talent checks the pedal reflex, ensuring the mouse is under anesthesia.  TEXT Overlay:  0.1ml Ketamine/Medetomidine i.p/10g of body weight
3.1.2. MED-over the shoulder:  Talent swabs the top of the scalp with 70% ethanol on a tissue, ensuring not to get any ethanol in the eyes of the mouse. 
3.2. To expose the calvarium area to be imaged, make a small incision at the back of the head between the ears by lifting the skin up with the forceps.  While holding the skin up, slide the scissors under the skin and gently cut along the outside of the desired imaging area.
3.2.1. ECU:  Scalp as talent makes a small incision at the back of the head between the ears by lifting the skin up with forceps.  While holding the skin up, slide the scissors under the skin and gently cut along the outside of the desired imaging area.  
3.3. Wipe the exposed bone with a sterile cotton bud moistened with sterile PBS to keep the bone moist; this avoids excessive drying and scarring, which may affect imaging quality.
3.3.1. MED-over the shoulder:  Talent wipes exposed bone with moist cotton bud places a damp tissue over the exposed bone to keep it moist.
3.4. Next, mix an adequate amount of dental cement in a weigh boat until it becomes a paste.  Quickly apply it to the bottom surface of the autoclaved headpiece that will attach to the skull.
3.4.1. MED:  Talent mixes dental cement in a weigh boat to make a paste.
3.4.2. CU:  Headpiece as talent quickly applies the dental cement to it.
3.5. Before the cement sets, place the headpiece onto the skull of the mouse, making sure not to get any dental cement on the imaging area, and wait for it to set. 
3.5.1. MED-over the shoulder:  Talent motions to place the headpiece onto the skull of the mouse.  Continue action in next shot.
3.5.2. ECU:  Mouse skull as talent places the headpiece in place.
3.6. Apply a small amount of Intrasite Hydrogel, which keeps the skull moist, being careful not to disturb the cement as it dries.  Then, attach the headpiece to the holder and secure it in place using the screw, ensuring that the grooves fit within the holder notches. Remove the hydrogel with sterile cotton buds before transferring to the microscope.
3.6.1. MED:  Talent adjusts and/or applies moisture to the tissue hydrogel to the exposed bone.
3.6.2. CU:  Headpiece as talent attaches to the holder and secures it in place using the screw, ensuring that the grooves fit within the holder notches.
3.6.3. Added shot: Talent removes hydrogel with cotton bud and cleans the imaging area with PBS and cotton buds.
3.7. Next, insert the holder into the microscope stage and position the heating mat under the mouse.  Insert the rectal thermometer probe… and secure everything in place on the stage with adhesive tape.
3.7.1. MED:  Talent places the holder into the microscope stage and positions the heating mat under the mouse.
3.7.2. CU:  Mouse as the rectal thermometer probe is inserted.
3.7.3. MED-over the shoulder:  Talent secures everything in place on the stage with adhesive tape.
3.8. Place a small drop of ophthalmic ointment on the eyes of the mouse to ensure they do not dry out while under anesthetic.  The mouse must not be left unattended at any time during the imaging process while under anesthesia. 
3.8.1. ECU:  Mouse’s eyes as talent places a small drop of ophthalmic ointment into each eye.
4. In vivo imaging: high-resolution stacks and time-lapse acquisition
Editors, in the SCREEN capture movies, please use a zoom bubble to highlight the action being performed when necessary.
4.1. To focus on the skull via the eye-pieces, first fill the calvarium imaging window with purified, sterile water.  Using a water-dipping lens, lower it so that it touches the water droplet.  Focus on the top of the skull using the microscope eyepieces.
4.1.1. MED:  Talent fills the imaging window with purified, sterile water.
4.1.2. CU:  Water-dripping lens as talent lowers it so that it touches the water droplet.
4.1.3. MED:  Talent focuses on top of the skull using the microscope eyepieces, using an external lamp as the light source.
4.2. Position the imaging area on the central suture and move towards the rear of the head to find the coronal suture as a starting position.  
4.2.1. SCREEN:  Screen capture movie as talent positions the imaging area on the central suture and moves towards the rear of the head to find the coronal suture as a starting position.
4.3. Place the software into a mode for capturing XY images as well as a 3d Z-stack.  Set the imaging speed to 400 Hertz and the resolution to 512 by 512 pixels.  
4.3.1. SCREEN:  Screen capture movie as talent places the software into a mode to capture XY images as well as a 3d Z-stack.  Talent sets imaging speed to 400Hz and resolution to 512 by 512 pixels.  
4.4. Set the software so that multiple channels are captured and set the collection method to change settings between stacks or between frames.  Set up 3 independent capture settings, switching off the laser illumination at the end of the acquisition of each stack. 
4.4.1. SCREEN:  Screen capture software as talent sets the software so that multiple channels are able to be captured.  Then talent sets the collection method.  Finally, talent sets up 3 independent capture settings, switching off the laser illumination at the end of the acquisition of each stack.
4.5. Then, setup the first sequential scan for the two-photon second harmonic generation bone signal.  Open the shutter for the multiphoton laser and ensure multiphoton laser gain and offset are correctly setup.  Also ensure the laser power is 12.5 to 25%... and the laser is switched on.  Select an appropriate PMT as the only detector and change the color to white. 
4.5.1. SCREEN:  Screen capture movie as talent clicks on the first sequential scan and opens the shutter for the multiphoton laser.  Talent edits the laser gain and offset, sets the laser power, and switches the laser on.  Talent selects the appropriate PMT as the only detector and changes its color to white. (4.5 and 4.8 actions switched)
4.5.2. Talent adjusts for GFP detection and ensures the shutter is open. Talent sets the laser power of the 488nm laser line to around 10%.  Then talent selects an appropriate PMT as the only active detector and changes its pseudo-color to green.
4.6. Repeat the channel setup procedure for a combined autofluorescence and DiD under the second settings scan, utilizing two appropriate PMTs.  Change the channel color to green for the autofluorescence and red for the DiD.  
4.6.1. SCREEN:  Screen capture movie as talent clicks on the second settings scan selects the PMTs for autofluorescence and DiD.  Talent then changes the channel color to green for the autofluorescence and red for the DiD. 
4.7. Finally, set up the third and final scan for GFP detection Set the laser power of the 488nm laser line to around 15%.  Select an appropriate photomultiplier tube, or PMT, as the only active detector and change its pseudo-color to green.
4.8. the two-photon second harmonic generation bone signal.  Open the shutter for the multiphoton laser and ensure multiphoton laser gain and offset are correctly setup.  Also ensure the laser power is 12.5 to 25%... and the laser is switched on.  Select an appropriate PMT as the only detector and change the color to white.  
4.8.1. SCREEN:  Screen capture movie as talent clicks on the third settings scan.   Talent adjusts for GFP detection and ensures the shutter is open. Talent sets the laser power of the 488nm laser line to around 10%.  Then talent selects an appropriate PMT as the only active detector and changes its pseudo-color to green.
4.9. Activate a "Live" imaging mode to begin a preview scan of the selected channel and adjust detector Gain and Offset for optimal exposure.  Repeat this for each scan in the sequential window and save the settings of these multi-channel scans for easy re-use.  
4.9.1. SCREEN:  Screen capture movie as talent activates a “Live” imaging mode to begin a preview scan of the selected channel and adjusts detector Gain and Offset for optimal exposure.  
4.9.2. MED-over the shoulder:  Talent proceeds to repeat this process for the next scan and saves settings.
4.10. Then, activate multi-position capture, referred to as "Mark and Find" in this software, and reset the co-ordinate points.
4.10.1. SCREEN:  Screen capture movie as talent activates multi-position capture, referred to as “Mark and Find” and resets the coordinate points.
4.11. Next, scan the bone imaging area.  Starting from the intersection between the central and coronal suture, scan the depth of the bone marrow area using both autofluorescence and DiD with a composite view.  
4.11.1. SCREEN:  Screen capture movie as talent starts from the intersection between the central and coronal suture and scans the depth of bone marrow area using both autofluorescence and DiD with a composite view.  
4.12. When a cell is detected, mark this as a new co-ordinate position by clicking on the “Add New Position” icon on the left hand side of the “Mark and Find” window.
4.12.1. SCREEN:  Screen capture movie as talent marks a cell as a new co-ordinate position (x,y, and z) by clicking on the “Add New Position icon on the left hand side of the “Mark and Find” window.
4.13. When the current field of view has been examined, move the stage the distance of one field of view.  Repeat this process for each field of view, gradually working around the whole imaging window to the left of the central suture, moving towards the nose of the mouse. 
4.13.1. MED or CU:  Stage as talent moves the distance of one field of view.
4.13.2. SCREEN:  Screen capture movie as talent continues to move the stage a distance of one field of view.
4.14. Once the central suture bifurcation is in sight, move to the right side of the suture and repeat the procedure scanning the left side in the reverse direction.  Mark the co-ordinates of any new cells of interest using the "Mark and Find" tool.
4.14.1. SCREEN:  Screen capture movie as talent moves to the right side of the central suture and starts to scan from the left side in the reverse direction.  Talent marks the co-ordinates a new cell of interest using the “Mark and Find” tool.
4.15. To review the points, set the top and bottom of a Z-stack around each cell for each position.  For each point, focus up and down and set the top and bottom Z positions for 3D z-stack capture.  Update the individual point in the "Mark and Find."  Set the Z-Stack interval to 5µm and the “averaging” for each sequential scan channel to an appropriate quality. 
4.15.1. SCREEN:  Screen capture movie as talent sets the top and bottom of a Z-stack around each cell for each position.  
4.15.2. SCREEN:  Screen capture movie as talent focuses up and down an individual point and sets top and bottom Z positions for 3D z-stack capture.  Talent updates the individual point in the "Mark and Find."  
4.15.3. SCREEN:  Screen capture movie as talent sets the Z-Stack interval to 5µm and the averaging for each sequential scan channel to an appropriate quality. 
4.16. Acquire a high-quality reference stack for each point of interest by starting the entire scan procedure. 
4.16.1. SCREEN:  Screen capture movie as talent begins to acquire a high-quality reference stack for a point of interest by starting the entire scan procedure
4.17. Once finished with the high-quality scan, activate a time-lapse setting for the capture.  In the time-lapse settings, set the time interval to 5 minutes and the overall run time to the desired length.  'Apply' these settings to the overall scan. 
4.17.1. SCREEN:  Screen capture movie as talent activates a time-lapse setting for the capture.  In the time-lapse settings, talent sets the time interval to 5 minutes and the overall run time to the desired length.  'Apply' these settings to the overall scan. 
4.18. [bookmark: _GoBack]This example shows how acquisition of more than 3 points can be performed by modifying these settings: The scan time can be reduced to allow a 5 minute time lapse interval, by reducing the number of scans used for averaging… limiting the resolution to 512x512 pixels… converting the scanning to bi-directional… and/or increasing the scan speed to 600Hz or more. 
4.18.1. SCREEN:  Screen capture movie as talent brings the cursor to each of the different ways to reduce the scan time: the number of scans used for averaging, the resolution, converting the scanning, and the scan speed.
4.19. Commence imaging as before by clicking the 'Start' button in the demonstrated software.  Once imaging is complete, perform mouse euthanasia as detailed in the text protocol.
4.19.1. MED-over the shoulder:  Talent at the microscope computer clicks on the ‘Start’ button and the imaging begins.
5. Results: In vivo 4D imaging of HSPCs in mouse calvarium
5.1. The custom made, high-precision mouse holder including a calvarium imaging window allows prolonged imaging of labeled HSPCs injected into lethally irradiated recipient mice.
5.1.1. Title Card
5.2. Shown here are 2D slices of single cell resolution 3D stacks of HSPC-containing bone marrow areas of approximately 90 to 120µm thickness.  
5.2.1. LAB MEDIA:  Figure 1B.  
5.3. Signal from collagen bone is shown in white… DiD labeled cells are shown in red… autofluorescent cells are shown in yellow… and osteoblastic cells are shown in green. 
5.3.1. LAB MEDIA:  Figure SHG arrow.  
5.3.2. LAB MEDIA:  Figure DiD_arrow.  Editors, please transition to this figure as “DiD labeled cells are shown in red” is narrated.
5.3.3. LAB MEDIA:  Figure AF_arrow.  Editors, please transition to this figure as “autofluorescent cells are shown in yellow” is narrated.
5.3.4. LAB MEDIA:  Figure osteo_arrow.  Editors, please transition to this figure as “and osteoblastic cells are shown in green” is narrated.
5.4. Shown here is a 4D time-lapse movie of the HSPCs identified, showing a DiD labeled HSC in red migrating in the proximity of osteoblastic cells in green.  
5.4.1. LAB MEDIA:  HSC_movie

6. Conclusion (said by authors on camera)
6.1. Mark Scott: Once mastered, this technique can be done in one hour for surgery and initial 3D stacks, plus time-lapse time if it is performed properly.  After watching this video, you should have a good understanding of how to set up intravital microscopy of mouse calvarium to visualize multiple HSPCs within their niches
6.1.1. MED:  Mark speaks toward camera, interview style.

       

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, .eps, 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.  

Insert your media filenames here.

· Graphic overview
· Figure SHG arrow
· Figure DiD arrow
· Figure AF arrow
· Figure Ob arrow – Authors, please provide this figure.  For some reason it got lost in the file transfer.
· HSC movie

SCREEN Capture Movies

51683_Lo Celso_4.2.1_SCREEN:  Screen capture movie as talent positions the imaging area on the central suture and moves towards the rear of the head to find the coronal suture as a starting position.
51683_Lo Celso_4.3.1_SCREEN:  Screen capture movie as talent places the software into a mode to capture XY images as well as a 3d Z-stack.  Talent sets imaging speed to 400Hz and resolution to 512 by 512 pixels.  
51683_Lo Celso_4.4.1_SCREEN:  Screen capture software as talent sets the software so that multiple channels are able to be captured.  Then talent sets the collection method.  Finally, talent sets up 3 independent capture settings, switching off the laser illumination at the end of the acquisition of each stack.
51683_Lo Celso_4.5.1_SCREEN:  Screen capture movie as talent clicks on the first sequential scan.  Talent adjusts for GFP detection and ensures the shutter is open. Talent sets the laser power of the 488nm laser line to around 10%.  Then talent selects an appropriate PMT as the only active detector and changes its pseudo-color to green.
51683_Lo Celso_4.6.1_SCREEN:  Screen capture movie as talent clicks on the second settings scan selects the PMTs for autofluorescence and DiD.  Talent then changes the channel color to green for the autofluorescence and red for the DiD. 
51683_Lo Celso_4.7.1_SCREEN:  Screen capture movie as talent clicks on the third settings scan and opens the shutter for the multiphoton laser.  Talent edits the laser gain and offset, sets the laser power, and switches the laser on.  Talent selects the appropriate PMT as the only detector and changes its color to white.
51683_Lo Celso_4.8.1_SCREEN:  Screen capture movie as talent activates a “Live” imaging mode to begin a preview scan of the selected channel and adjusts detector Gain and Offset for optimal exposure.  
51683_Lo Celso_4.9.1_SCREEN:  Screen capture movie as talent activates multi-position capture, referred to as “Mark and Find” and resets the coordinate points.
51683_Lo Celso_4.10.1_SCREEN:  Screen capture movie as talent starts from the intersection between the central and coronal suture and scans the depth of bone marrow area using both autofluorescence and DiD with a composite view.  
51683_Lo Celso_4.11.1_SCREEN:  Screen capture movie as talent marks a cell as a new co-ordinate position (x,y, and z) by clicking on the “Add New Position ocon on the left hand side of the “Mark and Find” window.
51683_Lo Celso_4.12.2_SCREEN:  Screen capture movie as talent continues to move the stage a distance of one field of view.
51683_Lo Celso_4.13.1_SCREEN:  Screen capture movie as talent moves to the right side of the central suture and starts to scan from the left side in the reverse direction.  Talent marks the co-ordinates a new cell of interest using the “Mark and Find” tool.
51683_Lo Celso_4.14.1_SCREEN:  Screen capture movie as talent sets the top and bottom of a Z-stack around each cell for each position.  
51683_Lo Celso_4.14.2_SCREEN:  Screen capture movie as talent focuses up and down an individual point and sets top and bottom Z positions for 3D z-stack capture.  Talent updates the individual point in the "Mark and Find."  
51683_Lo Celso_4.14.3_SCREEN:  Screen capture movie as talent sets the Z-Stack interval to 5µm and the averaging for each sequential scan channel to an appropriate quality. 
51683_Lo Celso_4.15.1_SCREEN:  Screen capture movie as talent begins to acquire a high-quality reference stack for a point of interest by starting the entire scan procedure
51683_Lo Celso_4.16.1_SCREEN:  Screen capture movie as talent activates a time-lapse setting for the capture.  In the time-lapse settings, talent sets the time interval to 5 minutes and the overall run time to the desired length.  'Apply' these settings to the overall scan. 
51683_Lo Celso_4.17.1_SCREEN:  Screen capture movie as talent brings the cursor to each of the different ways to reduce the scan time: the number of scans used for averaging, the resolution, converting the scanning, and the scan speed.


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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