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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 
2.9., 2.11., 2.16., 2.17., 3.4., 3.6.-3.8.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Getting the bones, flushing the bones
E.  Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to generate and distinguish alveolar-like macrophages from dendritic cells in in vitro murine bone marrow cell cultures supplemented with GM-CSF. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Pauline Johnson: This in vitro method can help answer key questions concerning the function and role of dendritic cells and macrophages. 

1.2. Pauline Johnson: The main advantage of this technique is that it generates sufficient cell numbers for further analysis, including distinguishing dendritic cells from alveolar-like macrophages. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Manisha Dosanjh: The implications of this technique may extend toward the therapy of pulmonary proteinosis, as it facilitates the acquisition of alveolar-like macrophages, which can be used to treat this disease.
1.4. Jeff Dong: Generally, individuals new to this method will need practice with isolating the clean bones and flushing the bone marrow.
1.5. Blair Hardman: Visual demonstration of this method is useful as some of the techniques are not easy to explain by written instruction alone. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of British Columbia in accordance with the Canadian Council on Animal Care guidelines for ethical animal research. 
Protocol (read by voice talent at JoVE):
2. Murine femur and tibia single bone marrow suspension preparation
2.1. Fifteen minutes before beginning the dissection, turn on a biological safety cabinet to purge the cabinet air and to stabilize the air flow [2.1.1.-WIDE] and clean the cabinet surface with 70% ethanol [2.1.2.-MED-TXT].

2.1.1. Talent approaches BSC, turns on air (Videographer: Please capture sound of air coming on if possible) (Video Editor: please include sound of air turning on if possible) 

2.1.2. Few seconds Talent wiping surface with ethanol, with ethanol container visible in frame (TEXT: Use sterile technique throughout procedure)
2.2. When the cabinet is ready, place a mouse on top of 1-2 paper towels in the prone position [2.2.1.-MED-TXT] and spray the animal with 70% ethanol [2.2.2.-CU].
2.2.1. Talent placing mouse onto paper towel(s) (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: Anesthesia overdose)

2.2.2. Few seconds animal being sprayed, with ethanol container label visible in frame
2.3. Then, with the non-dominant hand, lift the skin around the thoracic area [2.3.1.-CU] and use scissors to make an incision [2.3.2.-CU].

2.3.1. Skin being lifted (Videographer: Combine 2.3.1. and 2.3.2. as appropriate)

2.3.2. Few seconds incision being made (Videographer: Combine 2.3.1. and 2.3.2. as appropriate)

2.4. Grasping both ends of the incision, carefully pull until the two ends of the incision meet at the stomach [2.4.1.-CU].
2.4.1. Few seconds incision being pulled
2.5. Then place the mouse in the supine position [2.5.1.-CU] and use one hand to pull the lower half of the skin down until the legs are exposed [2.5.2.-CU].
2.5.1. Just shot of lower abdomen and feet being turned over

2.5.2. Few seconds skin being pulled down 

2.6. Holding the foot, cut the Achilles tendons above the ankle joint [2.6.1.-CU] and the ligaments connecting the muscles to the foot at the lower end of the tibia to loosen the foot from the leg bones [2.6.2.-CU].
2.6.1. Foot being grasped (Videographer: Combine 2.6.1. and 2.6.2. as appropriate)

2.6.2. Few seconds tendons/ligaments being cut (Videographer: Combine 2.6.1. and 2.6.2. as appropriate)

2.7. Keeping the leg raised, remove the muscles and ligaments around the knee joint at the lower end of the femur to sever the thigh muscles from the lower leg [2.7.1.-CU].
2.7.1. Few seconds muscles and ligaments
2.8. Using forceps, gently pull the loosened muscles away from the fibular and femoral surfaces [2.8.1.-CU-TXT].
2.8.1. Few seconds muscles being pulled away (TEXT: Caution: Do not sever femoral artery)

2.9. Then, pressing the scissors in the open position at the hip joint [2.9.1.-CU], rotate the leg and gently pull on the femur to separate the leg bone from the hip joint [2.9.2.-CU] while cutting the leg free from the body [2.9.3.-CU].
2.9.1. Scissors being pressing into hip joint (Videographer: Combine 2.9.1. and/or 2.9.2. and/or 2.9.3. as appropriate)

2.9.2. Leg being rotated (Videographer: Combine 2.9.1. and/or 2.9.2. and/or 2.9.3. as appropriate)

2.9.3. Few seconds leg being cut (Videographer: Combine 2.9.1. and/or 2.9.2. and/or 2.9.3. as appropriate)
2.10. Now holding the leg at the hip end with a sterile forceps [2.10.1.-CU], use another forceps to remove the foot from the ankle end [2.10.2.-CU].

2.10.1. Leg being grasped (Videographer: Combine 2.10.1. and 2.10.2. as appropriate)

2.10.2. Few seconds foot being removed (Videographer: Combine 2.10.1. and 2.10.2. as appropriate) 
2.11. Then, holding the distal end of the femur with one forceps [2.11.1.-CU] and the proximal end of the tibia and fibula with another [2.11.2.-CU], carefully bend the tibia and fibula in the opposite direction of the knee joint to separate the lower leg from the femur and patella [2.11.3.-CU].
2.11.1. Distal end being grasped (Videographer: Combine 2.11.1. and/or 2.11.2. and/or 2.11.3. as appropriate)

2.11.2. Proximal end being grasped (Videographer: Combine 2.11.1. and/or 2.11.2. and/or 2.11.3. as appropriate)
2.11.3. Few seconds bones being bent (Videographer: Combine 2.11.1. and/or 2.11.2. and/or 2.11.3. as appropriate)

2.12. Use the forceps to remove the remaining ligaments, muscles and fibula from the lower leg bones [2.12.1.-CU] and place the cleaned tibia on an inverted petri dish lid containing 1-2 ml of HBSS-FCS [2.12.2.-CU-TXT].

2.12.1. Few seconds ligaments/muscles/fibula being removed

2.12.2. Tibia being placed onto lid (TEXT: See text for all media/reagent preparation details)
2.13. Holding the lower end of the femur with one set of forceps and the patella with another [2.13.1.-CU], bend the knee and surrounding tissues in the opposite direction to remove the joint. 
2.13.1. Patella being grasped, with lower end of femur being grasped with forceps already visible in frame

2.13.2. Knee/tissues being bent 
2.14. Then remove any of the remaining connective tissues from the femur [2.14.1.-CU] and place the bone on the inverted petri dish lid [2.14.2.-CU-TXT].

2.14.1. Few seconds tissue being removed

2.14.2. Bone being placed onto lid (TEXT: Repeat for other leg bones/mice)
2.15. When all of the bones have been harvested, use forceps to clean any residual tissue still attached to the bones [2.15.1.-CU] and immerse the bones in 10 ml of HBSS-FCS within the base of the petri dish [2.15.2.-CU].

2.15.1. Few seconds tissue being removed

2.15.2. Bone(s) being immersed in HBSS/FCS  

2.16. Keeping the dish partially shielded with a sterile lid, cut each of the cleaned bones in half with scissors [2.16.1.-CU].
2.16.1. Shot of lid shielding dish, then few seconds at least one bone being cut 
2.17. Then use a 1 ml syringe equipped with a 26 ½ gauge needle to flush 1 ml of HBSS-FCS from the dish into the end of each bone piece [2.17.1.-CU] until all of the red marrow has been liberated [2.17.2.-CU].

2.17.1. Few seconds syringe being inserted into one bone, with HBSS/FCS container label visible in frame if possible

2.17.2. Few seconds marrow being flushed into dish

2.18. Pass any visible clumps of bone marrow through the syringe several times to form a single cell suspension [2.18.1.-CU], followed by thorough mixing with a 10 ml pipette [2.18.2.-CU].

2.18.1. Few seconds marrow being flushed in and out of syringe 
2.18.2. Few seconds mixing with pipette

2.19. Transfer the cells to a collection tube [2.19.1.-CU] and rinse the petri dish one time with 5 ml of HBSS-FCS to collect any residual cells [2.19.2.-CU].
2.19.1. Few seconds cells being added to tube

2.19.2. Few seconds dish being washed, with HBSS-FCS container label visible in frame 

2.20. Then pool the wash in the collection tube [2.20.1.-MED] and store the cells for up to 2-3 hours at 4°C [2.20.2.-MED].

2.20.1. Few seconds Talent adding cells to tube

2.20.2. Talent placing tube at 4°C

3. Bone marrow cell (BMC) culture

3.1. To set up a bone marrow cell culture, centrifuge the collected cells [3.1.1.-WIDE-TXT] and aspirate the supernatant with a sterile glass Pasteur pipette attached to vacuum suction [3.1.2.-CU].

3.1.1. Talent placing tube(s) into centrifuge (TEXT: 5 min, 314 x g, 4°C)

3.1.2. Shot of pellet if visible, then few seconds supernatant being aspirated

3.2. Loosen the red blood cell-rich pellet with tapping [3.2.1.-CU]. Then add 10 ml of RBC lysis buffer [3.2.2.-CU] and resuspend the cells with vortexing [3.2.3.-CU].

3.2.1. Few seconds red blood cells being tapped

3.2.2. Few seconds lysis buffer being added to tube, with lysis buffer container label visible in frame

3.2.3. Few seconds tube being vortexed

3.3. After a 5 minute room temperature incubation, arrest the lysis with 10 ml of HBSS-FCS [3.3.1.-CU] and spin down the cells [3.3.2.-CU], resuspending the pellet in bone marrow cell medium [3.3.3.-CU].

3.3.1. Few seconds HBSS/FCS being added to tube, with HBSS/FCS container label visible in frame

3.3.2. Tube(s) being placed into centrifuge bucket

3.3.3. Shot of pellet if visible, then few seconds pellet being resuspended, with medium container label visible in frame

3.4. Count the number of viable cells by trypan blue exclusion [3.4.1.-CU-TXT] and transfer the needed cells into a new tube with bone marrow cell medium [3.4.2.-CU].
3.4.1. Trypan blue being added to hemocytometer (TEXT: 1 Femur + Tibia = approximately 2-4 x 107 cells)

3.4.2. Few seconds cells being added to tube

3.5. Then collect the cells by centrifugation [3.5.1.-MED] and resuspend the pellet at a 4 x 106 cell/ml dilution in bone marrow cell medium with 20 ng/ml of GM-CSF (Pronounce: G-M-C-S-F) [3.5.2.-MED].
3.5.1. Talent adding tube(s) to centrifuge

3.5.2. Few seconds Talent resuspending pellet, with medium container visible in frame 
3.6. Next, add 9.5 ml of bone marrow cell medium supplemented with 20 ng/ml of GM-CSF to one sterile bacterial petri dish per culture [3.6.1.-MED] and add 500 microliters of cells to the center of each dish [3.6.2.-CU].

3.6.1. Few seconds Talent adding medium to at least one dish, with other dishes and medium container label visible in frame

3.6.2. Cells being added to the center of at least one dish

3.7.  Incubate the cells at 37˚C and 5% CO2 [3.7.1.-MED].
3.7.1. Talent placing cells into incubator (TEXT: Day 0)

3.8. On day 3, add 10 ml of fresh bone marrow medium supplemented with 20 ng/ml of GM-CSF to each culture, taking care to minimize any disturbances to the cells [3.8.1.-MED].

3.8.1. Few seconds Talent adding medium to at least one plate, with medium container label visible in frame

3.9. On day 6, carefully transfer 10 ml of cell culture supernatant to a sterile 15 ml conical tube [3.9.1.-MED], centrifuge the cells [3.9.2.-MED] and resuspend the pellet in 10 ml of fresh bone marrow cell medium containing 20 ng/ml of GM-CSF.

3.9.1. Few seconds Talent adding cells to tube, with culture dish visible in frame

3.9.2. Talent placing tube(s) into centrifuge

3.9.3. Shot of pellet if visible, then few seconds pellet being resuspended in medium with medium container label visible in frame

3.10. Then gently vortex the cell suspension [3.10.1.-MED] and return the cells to the culture dish [3.10.2.-MED].
3.10.1. Few seconds Talent vortexing cells

3.10.2. Few seconds Talent adding cells to dish
4. Results: Representative bone marrow dendritic cell culture analyses
4.1. On day 1, the bone marrow cells are small and sparse [4.1.1.-LM], but by day 3, the cells have increased in number and size and some have begun to adhere [4.1.2.-LM].
4.1.1. JOHNSON.Figure 2A ALONE.tif: please highlight/indicate day 1 image
4.1.2. JOHNSON.Figure 2A ALONE.tif: please highlight/indicate day 3 image
4.2. By day 6, there are more cells and both adherent and non-adherent fractions are observed [4.2.1.-LM]. 
4.2.1. JOHNSON.Figure 2A ALONE.tif: please highlight/indicate day 6 image
4.3. The culture can be harvested from days 7-10 and gated by size and live cells [4.3.1.-LM], with a higher percentage of CD11c+ cells obtained from day 10 cultures [4.3.2.-LM]. 
4.3.1. JOHNSON.Figure 3A ALONE.tif: please add Dead and FSC arrows and accompanying text
4.3.2. JOHNSON.Figure 3B ALONE 7-10 revised.tif: please outline/indicate gate in bottom graph/cells w/in gate in bottom graph
4.4. At day 7, the collected non-adherent fraction is greatly enriched for cells with a dendritic morphology [4.4.1.-LM]. 
4.4.1. JOHNSON.Figure 2B ALONE.tif: please highlight/indicate insets/cells w/in insets
4.5. The CD11c+ Gr1- populations harvested on days 7 and 10 can be divided into three main macrophage [4.5.1.-LM], immature dendritic cell [4.5.2.-LM] and mature dendritic cell subsets by MHCII (Pronounce: M-H-C class-two) and FL-HA (Pronounce: F-L-H-A) expression [4.5.3.-LM].

4.5.1. JOHNSON.Figure 3C ALONE 7-10 revised.tif: please indicate right gate in both graphs
4.5.2. JOHNSON.Figure 3C ALONE 7-10 revised.tif: please indicate bottom left gate in boths graphs
4.5.3. JOHNSON.Figure 3C ALONE 7-10 revised.tif: no animation
4.6. Interestingly, MerTK (Pronounce: mer [rhymes with her]-T-K), although considered to be a macrophage marker, exhibits a robust expression on both macrophage [4.6.1.-LM] and immature dendritic cell [4.6.2.-LM] populations harvested on days 7 and 10, with a low level of expression observed on day 7- and 10-harvested mature dendritic cells as well [4.6.3.-LM]. 
4.6.1. JOHNSON.Figure 3D ALONE 7-10 revised.tif: please trace/indicate black data line in both graphs
4.6.2. JOHNSON.Figure 3D ALONE 7-10 revised.tif: please trace/indicate red data line in both graphs

4.6.3. JOHNSON.Figure 3D ALONE 7-10 revised.tif: please trace/indicate blue data line in both graphs
5. Conclusion (said by authors on camera)
Jeff Dong: Once mastered, the bone marrow harvest can be completed in approximately 45 mins. The media changes take 10 – 15 mins on days 3 and day 6. The cell harvest, antibody labeling, and flow cytometry will take approximately 3 hours
5.1. Jeff Dong: While attempting this procedure, it’s important to remember to use sterile technique throughout the bone marrow harvest and cell culture. 
5.2. Jeff Dong: Following this procedure, the cells also can be sorted to examine the cell populations separately or stimulated with inflammatory agents and subsequently analyzed for their cytokine production by intracellular staining and flow cytometry. 
5.3. Jeff Dong or Pauline Johnson: After watching this video, you should have a good understanding of how to isolate bone marrow cells and to culture them in GM-CSF to generate both dendritic cells and alveolar-like macrophages.
Provided Media

Authors: Please list all images, movie files, or 3-D rendered animations to be included in the video. 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.  

4.1.1, 4.1.2, 4.1.3 – JOHNSON.Figure 2A ALONE.tif – BM culture days at 1, 3, and 6
4.3.1 - JOHNSON.Figure 3A ALONE.tif – flow cytometry plot of size and live gating for BM culture
4.3.2 - JOHNSON.Figure 3B ALONE 7-10 revised.tif – flow cytometry plot of CD11c and Gr1 gating for BM culture
4.4.1 - JOHNSON.Figure 2B ALONE.tif – BM culture at day 7, showing adherent and non-adherent cells

4.5.1. 4.5.2, 4.5.3 - JOHNSON.Figure 3C ALONE 7-10 revised.tif – flow cytometry plot of MHCII and HA binding for BM culture
4.6.1, 4.6.2, 4.6.3 - JOHNSON.Figure 3D ALONE 7-10 revised.tif – flow cytometry plot of MerTK for BM culture 
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 are included in the email accompanying the finalized script.
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