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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? NO 
B. Does your protocol include detailed, step-by-step, descriptions of software usage? NO
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps in this document. 2.2-2.5, 2.8-2.10, 3.3
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The single most technically challenging step is the tail vein injection. To help promote success, animals should be placed on a heating pad to dilate the vein, animals should be placed in a restraining device, the tail should be wiped with ethanol to increase the visibility of the vein, and the syringe should be inserted into the vein bevel up. Practice will be required to learn this technique. Please list the step in this document. STEP 3.3
E.  Will the filming need to take place in multiple locations? YES

If yes, how far apart are the locations? We may need to shoot at multiple locations, but they are within the same institution.

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 replace the bone marrow compartment of recipient mice with bone marrow cells from donor mice ubiquitously expressing green fluorescent protein, in the absence of irradiation. (Intro)
This is accomplished by first conditioning the recipient mouse with serial intraperitoneal injections of the myelosuppressive compound busulfan. (P1, Editor, begin with the mouse in P1.  Then bring in the syringe and inject the mouse as shown.)
Next, bone marrow cells are isolated from the femurs and tibiae of a donor mouse ubiquitously expressing green fluorescent protein. (P2, Editor, remove the syringe, transition to the green mouse, then bring in the bone and the syringe as shown, then inject the syringe and bring in the green circles below the bone.)
Finally, donor bone marrow cells are transplanted into the conditioned recipient mouse via a tail vein injection. (P3, Editor, transition to a gray mouse again, then bring in the green syringe and inject into the tail of the mouse as shown.)
Ultimately, blood is collected from the transplanted mouse and analyzed by flow cytometry to estimate the extent of bone marrow chimerism. (P4, Editor, transition to the striped mouse in P4, then bring in the eye dropper and draw blood from the mouse, then bring in the square with the black dots and slowly zoom in on it.)
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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. Author name Kyle Peake: The main advantages of this technique over existing methods, like total body irradiation, is that a high degree of bone marrow chimerism can be established without the cytotoxic effects of irradiation, and without the need for specialized facilities and equipment.   

1.2. Author name John Manning: Not only does this method provide insight into bone marrow cell accumulation within the central nervous system, it can also be applied to study other research topics such as hematopoietic lineage development, immunobiology, and leukemia.
Protocol (read by voice talent at JoVE):

2. Conditioning of Recipient Mice and Isolation of Donor Bone Marrow Cells

2.1. TEXT ON WHITE BACKGROUND:  This protocol has been reviewed and approved by the Animal Care Committee of Simon Fraser University (UACC; permit numbers 1037K-12 and 1060K-03) and is in compliance with the Canadian Council on Animal Care, the NIH Guide for the Care and Use of Laboratory Animals, and the EEC Council Directive.

2.1.1. Text of the above statement

2.2. To condition recipient mice, prepare diluted busulfan according to the text protocol, and use IP injection to administer 20 mg/kg to recipient mice daily (TEXT: animals receive 60-100 mg/kg total). 

2.2.1. WIDE Talent at bench in laminar flow hood preparing busulfan (use take #2)
2.2.2. MED/CU Talent picks up syringe of busulfan and injects into mouse (use take #2)
2.3. After euthanizing the mice according to institutional guidelines, under a laminar flow hood, spray a mouse with 70% ethanol.  Lift the skin at the abdomen and with surgical scissors, make an incision through the skin from the abdominal cavity up the leg towards the ankle.

2.3.1. MED/CU Talent places mouse down in hood

2.3.2. [combined with 2.3.1] CU Talent sprays mouse with ethanol

2.3.3. CU Talent lifts skin and makes incision from abdominal cavity up leg towards ankle

2.4. Holding the foot, firmly pull the skin from the ankle towards the hip exposing the leg tissue.  Trim away the muscle and fat from the femur to expose the hip joint.

2.4.1. CU Talent holds foot and pulls skin from ankle towards hip exposing leg tissue

2.4.2. CU Talent trims away muscle and fat from femur to expose hip joint

2.5. While gently pulling on the foot to extend the leg, press the scissors against the pelvic bones.  Cut just above the head of the femur, taking care not to cut the femur itself.

2.5.1. CU Talent gently pulls on foot to extend leg and presses scissors against pelvic bone. 

2.5.2. [combined with 2.5.1] CU/ECU Talent cuts just above femur

2.6. To help maintain sterility, hold the leg by the foot and clean any remaining tissue from the femur using scissors and autoclaved tissues to rub the bone surface.
2.6.1.1. [added] CU Talent holds foot and trims excess tissue from femur with scissors (Use take #3)
2.6.1 CU Talent holds foot and uses autoclaved tissues to rub bone surface clean
2.7. Separate the femur and tibia by cutting through the knee joint and place the femur in a culture dish containing PBS.  Incubate on ice.

2.7.1. CU/ECU Talent cuts through knee joint to separate femur and tibia

2.7.2. [combined with 2.7.1] CU Talent places femur in culture dish of PBS and places on ice
2.8. Next, remove and discard the fibula by cutting at the points where the fibula connects to the tibia.  Then clean the tibia, remove the foot by cutting the tibia where the red marrow ends, and place the tibia in the culture dish with the femur and incubate on ice TEXT: repeat with other leg and additional donor mice).  
2.8.1. CU Talent removes fibula and cleans off excess tissue with scissors
2.8.2. CU Talent places tibia in culture dish with femur on ice cleans the tibia with autoclaved tissue
2.12.2 [moved] CU/ECU Talent makes a cut along bone where bone marrow ends, exposing medullary cavity, and places tibia in the culture dish of PBS on ice with the femur 
2.9. Use forceps to hold the femur and with surgical scissors, carefully shave the distal ends off the bone.  Remove as little of the bone as necessary to expose the medullary cavity.  

2.9.1. CU Talent holds femur and shaves distal ends off bone

2.9.2. ECU Talent shows that medullary cavity is exposed (use second flip for take #1)
2.10. With 3 ml of sterile PBS, fill a syringe and attach a 23-gauge needle.  Carefully bore the needle into the medullary cavity and flush the bone marrow into a sterile culture dish. Use the needle point to scrape the medullary cavity to ensure removal of all desired cells. 

2.10.1. CU MED Talent fills syringe with PBS and attaches 23-gauge needle

2.10.2. CU Talent bores needle into medullary cavity and flushes bone into dish, then scrapes  medullary cavity (use take #2)
2.11. Following extraction, ensure that the red bone marrow is no longer visible and the bone now appears white (TEXT: repeat for additional femurs and pool the bone marrow). 

2.11.1. ECU Talent holds bone to show that it is now white

2.12. Use forceps to hold the tibia and with surgical scissors, carefully shave the end where the tibia was attached to the knee to expose the medullary cavity.
2.12.1. CU Talent holds tibia and shaves end that was attached to the knee
2.12.2. [moved] CU/ECU Talent makes a cut along bone where bone marrow ends, exposing medullary cavity
2.13. Fill a syringe with 3 ml of sterile PBS and attach a 25-gauge needle. Carefully bore the needle into the medullary cavity and flush the bone marrow into the dish of pooled bone marrow from the femurs. (TEXT: repeat for additional tibiae and pool the bone marrow).

2.13.1. CU Talent fills 3 ml syringe with PBS and attaches a 25-gauge needle

2.13.2. CU/ECU Talent bores needle into medullary cavity and flushes marrow into dish Use 2.10.2
2.14. With a 1 ml pipette tip, gently triturate the bone marrow to dissociate the cells.  Pass the cell suspension through a 40 μM basket filter into a sterile 50 ml centrifuge tube.  

2.14.1. CU Talent gently triturates bone marrow 

2.14.2. CU Talent passes suspension through filter into 50 ml centrifuge tube

2.15. Use PBS to rinse the dish to get any remaining cells and transfer the buffer through the filter into the centrifuge tube. Add PBS to the tube giving a final volume of 30-40mL, and centrifuge at 450 x g and 4°C for 5 minutes.  Then remove and discard the supernatant.

2.15.1. CU Talent rinses dish with PBS and transfers into through filter
2.15.2. [added] MED Talent adds PBS to tube containing cells resulting in a final volume of 30-40mL 

2.15.3. MED Talent places tubes into centrifuge

2.15.4. CU Talent removes and discards supernatant from a the tube

2.16. Resuspend the pellet with 3 ml of erythrocyte lysing buffer.  Incubate on ice for 8.5 minutes.  Subsequently, add ~30 ml of sterile PBS to quench the lysing buffer.  Centrifuge (TEXT:  450 x g, 4°C, 5 min) and discard the supernatant (NOTE: discarding supernatant is shown in step 2.17.1.).  

2.16.1. CU Talent resuspends adds pellet in lysing buffer to the pellet (use take #2)
2.16.2. MED/CU Talent triturates the cells, then places the tube on ice

2.16.3. CU Talent adds PBS to quench lysing buffer

2.16.4. FREEZE FRAME from 2.15.3. (ie talent places tube in centrifuge)
2.17. Use 1 ml of sterile PBS to resuspend the pellet and keep on ice.  With PBS, dilute a small aliquot of cell homogenate (TEXT: refer to text for details) and use a hemocytometer to count the cells.

2.17.1. [added] CU Talent removes and discards supernatant from the tube

2.17.2. CU Talent resuspends pellet and places on ice

2.17.3. CU Talent dilutes aliquot of cells and places into hemocytometer (use take #2)
2.17.4. MED Talent at scope counting cells

2.18. Dilute the cell suspension to 8 x 106 cells/ml and incubate on ice until injection.

2.18.1. MED/CU Talent dilutes cell suspension to correct concentration
2.18.2. [combined with 2.18.1] MED/CU Talent places cells on ice

3. Bone Marrow Transplantation and Estimating the Extent of Bone Marrow Chimerism

3.1. To perform the bone marrow transplantation, add 300 μl of the diluted cell suspension to a 0.5 ml syringe for each mouse to be injected.  Be sure to remove any air bubbles.

3.1.1. MED/CU Talent adding cell suspension to syringe

3.1.2. CU/ECU Talent removes air bubbles

3.2. Place the mouse cage with the conditioned recipient mice on a heating pad and allow the lateral tail veins to dilate.   Place a recipient mouse into an appropriately sized restraining device and wipe the tail with surgical gauze soaked with 70% ethanol.  

3.2.1. MED/CU Talent places mouse cage with mouse on heating pad
3.2.2. CU Talent places mouse into restrainer 

3.2.3. CU Talent wipes mouse tail with gauze and 70% ethanol

3.3. Firmly hold the tail and with the bevel up, gently insert the needle into one of the lateral tail veins and inject the cell suspension.  Hold surgical gauze on the injection site until bleeding stops prior to introducing the mouse into a new clean cage.

3.3.1. CU/ECU Talent firmly holds tail and gently inserts needle with bevel up then injects suspension

3.3.2. [combined with 3.3.1] CU Talent holds gauze on injection site then removes when it stops bleeding
3.3.3.  MED/CU Talent returns mouse to a clean cage

3.4. Approximately 2-3 weeks after bone marrow transplantation, place the mouse in a restraining tube and shave the fur on the posterior leg to expose the lateral saphenous vein.

3.4.1. CU Talent places mouse in restraining tube

3.4.2. CU/ECU Talent finishes shaving posterior leg to expose the lateral saphenous vein; [moved] Videographer, have talent point out vein; Editor, point out the vein
3.5. Next, apply a thin coat of petroleum jelly to the leg and use a 25-gauge needle to pierce the saphenous vein.  With a heparin coated capillary tube collect ~50 μl of blood, then use surgical gauze to stop the bleeding. 
3.5.1. CU Talent applies thin coat of petroleum jelly. [moved from 3.4.2 ] Videographer, have talent point out vein; Editor, point out the vein
3.5.2. [combined 3.5.2, 3.5.3 and part of 3.6.1] CU/ECU Talent pierces vein with 25-gauge needle

3.5.3. CU/ECU Talent collects blood with capillary tube

3.6. Once bleeding stops, return the mouse back to the cage.

3.6.1. CU Talent holds gauze on injection site then removes gauze to show that bleeding has stopped
3.6.2. [combined with part of 3.6.1] MED Talent returns mouse back to cage

3.7. Add the blood to a micro-centrifuge tube containing 1 ml of FACS buffer.  Mix the tube by inversion and store on ice.

3.7.1. CU Talent transfers blood to microfuge tube with FACS buffer
3.7.2. [combined with 3.7.1] CU Talent mixes tube by inversion and stores on ice

3.8. Centrifuge the blood samples at 900 x g for 5 minutes.  After removing and discarding the supernatant, use 500 ul of erythrocyte lysing buffer to resuspend the pellet and incubate on ice for 8.5 minutes.  Subsequently, add 1 ml of FACS buffer to quench the lysing buffer and centrifuge at 900 x g for 5 minutes.
3.8.1. MED Talent places samples into centrifuge and begins spin
3.8.2. CU Talent removes and discards the supernatant. Talent adds erythrocyte lysing buffer to pellet and resuspends

3.8.3. [combined with 3.8.2] CU Talent places sample on ice
3.8.4. CU Talent adds FACS buffer to quench lysing buffer and centrifuges tube
3.9. After lysing and spinning a second time according to the text protocol, check that the pellet is now white.  If it is red, repeat the lysing step a third time.

3.9.1. FREEZE FRAME from 3.8.2 of talent removing supernatant, pipetting erythrocyte lysing buffer, and incubating on ice
3.9.2. FREEZE FRAME from 3.8.3 of talent adding FACS buffer to quench lysis step and placing sample into centrifuge; Editor, place side by side with 3.9.1
3.9.3. ECU Talent removes rest of supernatant and holds up tube to show a white pellet; Videographer get enough footage for the last sentence (use take #3)
3.10. Resuspend the pellet in FACS buffer and use flow cytometry to quantify the proportion of GFP+ cells. 
3.10.1. CU Talent resuspends pellet in FACS buffer and transfers to a FACS tube. Incubate on ice (use take #2)
3.10.2.  MED Talent placing sample into FACS machine
4. Results: Quantification of Bone Marrow Chimerism in Busulfan-Conditioned Mice
4.1. This graph shows the levels of chimerism quantified weekly in the peripheral blood of mice conditioned with 100mg/kg of busulfan receiving a successful syngeneic BMT and mice conditioned with 80 mg/kg busulfan receiving an unsuccessful allogeneic BMT. Chimerism levels >80% are typically established by 3-4 weeks post-BMT.
4.1.1. LAB MEDIA Figure 1, Editor, for the successful syngeneic BMT, point out the black line and for the unsuccessful allogeneic BMT, point out the bottom, gray line.
4.2. Shown here are representative FACS data of peripheral blood showing a successful and unsuccessful BMT three weeks after bone marrow transplantation.
4.2.1. LAB MEDIA Figure 2, Editor, for successful, point out panel C and for unsuccessful, point out panel B
4.3. This flow cytometry data shows that a high degree of chimerism remains established for at least one year in the BM, and that conditioning with vehicle is not sufficient to induce BM chimerism. 
4.3.1. LAB MEDIA Figure 3, Editor, point out panel C for ‘high degree of chimerism’, and point out B for ‘conditioning with vehicle is not sufficient.’
4.4. While there are no significant differences in the levels of BM chimerism achieved using doses of 60-100 mg/kg busulfan, GFP+ cells accumulate within the CNS in a dose-dependent manner.  This figure illustrates GFP+ bone marrow-derived cell accumulation within the lumbar region of the spinal cord in a wild-type mouse, and to a greater extent in a mouse model of the neurodegenerative disease amyotrophic lateral sclerosis.
4.4.1. LAB MEDIA Figure 4, Editor, for lumbar region of spinal cord in wild-type mouse, point out panel A and C and for mouse model of the neurodegenerative disease…, point out B and D
5. Conclusion (said by authors on camera)
5.1. Author name Kyle Peake: When implementing this procedure, it is important to use syngeneic recipient and donor mouse strains that are the same sex, in order to minimize the possibility of transplant rejection. 
5.2. Author name John Manning: Following this procedure, other methods like flow cytometry and immunohistochemistry can be performed in order to investigate the mechanisms involved in bone marrow-derived cell entry into the CNS.

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.

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.
( 2013, Journal of Visualized Experiments


