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A.  Will you require JoVE to record video microscopy through a microscope as filming a complex dissection or microinjection technique? (Y/N) N 

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: 2.3, 2.4, 2.5, 2.6, 2.7, 2.8_
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
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 safely aspirate the bone marrow hematopoietic cell contents from the femoral marrow space of a living mouse. (Intro) This is accomplished by first wetting a tuberculin syringe with PBS. (P1) In the second step, the mouse’s leg is carefully arranged at the optimal angle for bone marrow retrieval. (P2) The hematopoietic cells are then aspirated from the femur marrow space (P3) and the red blood cells are depleted. (P4) Ultimately, the successful aspiration of the bone marrow contents can be visualized by flow cytometric and cytological analyses. (P5)

(P1) 2.2.1. Few seconds syringe being wet with PBS
(P2) 2.3.1. Few seconds mouse leg being arranged 
(P3) 2.7.1. Few seconds plunger being pulled back 
(P4) 2.10.2. RBC lysis buffer being added to tube
(P5) JOVE MS FIGUREv3.png

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Young Rock Chung: The main advantage of this technique over existing methods, like conventional bone marrow harvest, is that this technique allows the retrieval of a portion of bone marrow hematopoietic cells while leaving the animal alive for continued observation and serial analysis.   

1.2. Omar Abdel-Wahab: Demonstrating the procedure will be Young Rock Chung, a very talented technician from my laboratory. {Comment: It would it be better if Dr. Abdel-Wahab introduces the technician (Young Rock Chung) first (i.e. move 1.2 above 1.1)}
1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Aspiration and assessment of bone marrow (BM) cells from the femur
2.1. After confirming sedation by toe pinch, apply ophthalmic ointment to the eyes of the anesthetized mouse to prevent corneal drying and shave the leg to expose the skin. Sterile surgical preparation of skin is then performed by scrubbing the area with chlorhexidine disinfectant followed by alcohol swab. This process is completed 3 times and a fresh unopened sterile syringe and needle are used for each animal.
2.1.1. WIDE: Talent checks mouse toe for sedation (Videographer: Get more Talent than mouse in shot) (TEXT: Anesthesia: 1-4% isoflurane)
2.1.2. ECU: Few seconds ointment being applied to eye

2.1.2.B  Added shot: CU: Talent shaves the leg undergoing bone marrow aspiration. 

2.1.3. ECU: Shot of just leg being disinfected with chlorhexidine and alcohol swab 3 times.
2.1.4
Added shot: CU: Talent puts a drape on the leg
2.2. Next, wet a 0.5 ml Tuberculin Syringe with PBS, and then aspirate and immediately expunge 200-500 (l of the saline solution 2-3 times. 
2.2.1. CU: Few seconds syringe being wet with PBS, then PBS being aspirated then expunged at least one time (Videographer: Split action into separate shots as necessary)
2.3. Then use one of the last two fingers from one hand to gently bend the tibia away from the femur to facilitate exposure of the condylar space of the femur and the insertion of the needle. 
2.3.1. CU: Few seconds mouse leg being arranged with Talent’s finger(s)

2.3.2. CU: Talent’s thumb and index finger picking up syringe  {comment: This shot was not filmed because Talent will be holding the syringe after 2.2.1.}
2.4. Now insert the needle through the patellar tendon so that it is lodged securely between the two condyles of the femur. Use the thumb and index finger of the other hand to hold the diaphysis close to the epiphysis of the femur to allow the needle to be easily inserted into the shaft of the bone. 
2.4.1. CU/ECU: Needle being inserted through patellar tendon (Video Editor: If possible, please indicate condyles and condylar space of femur with “Condyles” and “Condylar space” text and accompanying arrow[s]) 
2.4.2. CU/ECU: Diaphysis being grasped by Talent’s thumb and index finger
2.5. Then swivel the needle clockwise and counterclockwise while pushing it against the condylar space so that it is parallel with the shaft of the femur to facilitate the retrieval of the bone marrow contents from the femur shaft.
2.5.1. CU/ECU: Needle being swiveled outward and upward clockwise and counterclockwise (Video Editor: If possible, add parallel lines [one through/along needle, one through/along bone] when mentioned)
2.6. Turn the needle clockwise and counterclockwise while pushing it slowly into the femoral marrow cavity. Confirm the correct positioning of the needle by gently moving the syringe laterally.
2.6.1. ECU/CU: Few seconds needle being turned clockwise then counterclockwise with slow pushing into femoral cavity

2.6.2. ECU/CU: Shot of needle being gently removed moved laterally
2.7. Then gently pull the needle plunger back, creating negative pressure, while moving the needle back and forth within the bone marrow cavity. Successful aspiration will be confirmed by the appearance of blood in the top of the needle at the base of the syringe. 
2.7.1. CU: Few seconds plunger being pulled back while needle is gently moved back and forth (TEXT: BM ( 5 (l/0.4-0.8 x106 mononuclear cells)

2.7.2. ECU: Shot of blood in top of needle at base of syringe (Video Editor: If necessary/possible, please indicate blood with arrow/circle when mentioned) (TEXT: No blood = bone/tissue fragment blockage in needle.) Trouble shoot: Try to flush the needle with PBS in the microfuge tube by pushing the needle plunger hard. If not work, get a new 0.5 ml Tuberculin Syringe and start over from 2.2. This time, it will be easier to access the bone marrow cavity.
2.8. Once the bone marrow has been successfully aspirated from the femur, remove the needle from the bone and transfer the aspirated bone marrow to a microfuge tube prefilled with 500 (l of PBS on ice.

2.8.1. CU: Few seconds needle being removed from bone
2.8.2. MED: Talent adding cells to microfuge tube of PBS on ice

2.8.3. Added shot: CU: An analgesic being administered with carprofen 5mg/kg SQ (Subcutaneous injection). (TEXT: Carprofen 5mg/kg SC)
2.9. After administering analgesic, allow the mouse to recover under a heat lamp, and then return the mouse to its cage and observe the animal for signs of distress or infection post procedure for the next 24 hours.
2.9.1. MED: Talent turning on heat lamp (Videographer: get more Talent and lamp than mouse in shot)

2.9.2. MED: Talent returning active mouse to cage (TEXT: Carprofen 5mg/kg sc) {comment: carprofen is injected in 2.8}
2.9.3. MED: Talent watching mouse with clipboard/monitoring mouse
2.10. In the mean time, spin down the bone marrow cells, aspirate out PBS carefully, and resuspend the pellet in 500 (l of red blood cell lysis buffer. 
2.10.1. MED: Talent placing tube(s) into centrifuge (TEXT: 5 min, 300 x g, 4°C/RT)
2.10.2. CU: Shot of pellet if visible, then RBC lysis buffer being added to tube
2.11. After 10 minutes, wash the cells in 1 ml of PBS. The pellet contains bone marrow of mononuclear cells that can be used for experimental analysis.

2.11.1. MED: Talent adding PBS to tube

2.11.2. ECU: Shot of pellet if visible OR MED: Talent aspirating/discarding supernatant
3. Results: Representative BM aspirate mononuclear cell analyses
3.1. These first figures illustrate how similar types and proportions of bulk cells and hematopoietic stem and progenitor cells can be observed by morphologic and flow cytometric analyses using either femoral bone marrow aspiration or conventional bone marrow harvest.

3.1.1. LAB MEDIA: Figure1AB.tif (Authors: Please submit this figure through the provided link)

(Video Editor: with “observed by morphologic” please highlight/indicate the cell images; 

with “flow cytometric analysis” please highlight/indicate the flow graphs; 

with “femoral bone marrow aspiration” please highlight/indicate the bottom two images and right column of flow data; 

with “conventional bone marrow harvest” please highlight the top two images and left column of flow data)

3.2. Here the percentage of lineage-negative Sca1+ c-KIT+ and myeloid progenitor subpopulations as a frequency of total live cells in 3 independent aspirations and conventional marrow harvests is shown. These data reveal a decrease in lineage-negative Sca1+ c-KIT+ and myeloid progenitor subpopulations from bone marrow collected by femoral aspiration compared with conventional marrow harvest. This difference was not statistically significant for any population, however.

3.2.1.  LAB MEDIA: Figure1C.tif (Authors: Please submit this figure through the provided link) 

(Video Editor: with “lineage-negative Sca1+c-KIT+ “ please highlight/indicate the LSK data bars; 

with “myeloid progenitor subpopulations” please highlight/indicate the MP, CMP, GMP, and MEP data bars; 

with “independent aspirations” please highlight/indicate the red data bars; 

with “conventional marrow harvests” please highlight/indicate the black data bars; 

with “decrease … harvest” please add angled arrows stretching from each of the tops of the black data bars down to the tops of each of the red data bars or other appropriate animation to indicate a decrease [e.g., brackets? Other?])

3.3. Sorting of lineage-negative Sca1+ c-KIT+ cells followed by ex vivo culture in methylcellulose results in similar colony numbers and cell types obtained by femoral bone marrow aspiration as with conventional bone marrow harvest.

3.3.1. LAB MEDIA: Figure1Dimage.tif (Authors: Please submit this figure through the provided link) (Video Editor: with “femoral bone marrow aspiration” please highlight/indicate the right image; with “conventional bone marrow harvest” please highlight/indicate the left image)

3.4. The colony types observed and enumerated in both cultures include granulocyte, erythrocyte, monocyte, and megakaryocyte colony-forming units, granulocyte and monocyte colony forming units, and erythroid burst-forming units.

3.4.1. LAB MEDIA: Figure1Dgraph.tif (Authors: Please submit this figure through the provided link) 

(Video Editor: with “granulocyte, erythrocyte, monocyte, and megakaryocyte colony-forming units” please highlight/indicate the brown sections of the data bars; 

with “granulocyte and monocyte colony forming units” please highlight/indicate the orange sections of the data bars; 

with “erythroid burst-forming units” please highlight/indicate the red sections of the data bars)
4. Conclusion (said by authors on camera)
4.1. Young Rock Chung: Once mastered, this technique can be done in 10 minutes per mouse if it is performed properly.

4.2. Omar Abdel-Wahab: Following this procedure, other methods, like intrafemoral bone marrow injection, can be performed in order to answer additional questions, such as what is the effect of xenografting human hematopoietic cells into immunocompromised mice?
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 .tif, 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.  

Authors: Please submit these figures through the provided link:
Figure1A.tif 
Figure1B.tif

Figure1C.tif

Figure1Dimage.tif

Figure1Dgraph.tif
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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