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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

Can you record movies/images using your own microscope camera? (Y/N)___N___  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: __________________________________________

B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _____________2.4.2; 2.10.2; 4.2.3; 4.3.3_____________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ____________2.10.2; 4.3.3_____________
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

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 magnetic-activated cell sorting strategies is to isolate and purify synovial fluid-derived mesenchymal stem cells from a rabbit model. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Li Duan: This method can help answer key questions in the sorting protocol in the stem cell field by providing a procedure for purifying mesenchymal stem cells directly from synovial fluid [1-MED].
1.1.1. Li Duan speaks towards the camera, interview style.
1.2. Zhaofeng Jia: The main advantage of this technique is that we have established a simple and economic protocol for the isolation and purification of MSCs from rabbit synovial fluid [1-MED].
1.2.1. Zhaofeng Jia speaks towards the camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Yujie Liang: Generally, individuals new to this method will make great efforts because the purity of cell populations is dependent on producing a single-cell suspension [1-MED].
1.3.1. Yujie Liang speaks towards the camera, interview style.
1.4. Xingfu Li: We first had the idea for this method, when we noticed that only the magnetic-activated cell sorting method is currently approved by the FDA for clinical applications [1-MED].
1.4.1. Xingfu speaks towards the camera, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. ** Li Duan: Demonstrating the procedure will be Zhaofeng and Xingfu from my laboratory… [1-MED], in addition to Yujie Liang, also from my laboratory [2-MED]. 

1.5.1. Li Duan speaks towards the camera, interview style.
1.5.2. Zhaofeng Jia looks up from workbench or desk or instrument and acknowledges the camera.
Authors, please note that anyone speaking will be introduced with on-screen text. Therefore there is no need to introduce them, and Yujie is the only one that will need and introduction.  
Also, the total introduction was over the 150 word limit, so I had to remove two statements.  If you would like to have Jianyi Xiong speak (and therefore be introduced with on-screen text), please have him say one of Daping Wang’s lines in the introduction and/or one (or more than one) of Li Duan’s lines in the conclusion.  Please just note the change before returning the script after the shoot.  Thank you.

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 of Shenzhen Second People’s Hospital, Shenzhen University [1-Title Card].
1.6.1. Title Card
Protocol: (read by voice talent at JoVE)
2. Isolate and Culture the rbSF-MSCs 

2.1. Begin this procedure with animal anesthesia as described in the text protocol [1-Title Card].
2.1.1. Title Card  
2.2. To perform collection of articular synovial ﬂuid from the knee of the rabbit, select an area about 5 by 5 centimeters in size around the knee [1-CU].  Shave the rabbit hair from this area using a safety electric shaver [2-MED-over the shoulder].
2.2.1. Rabbit leg as talent selects an area about 5 by 5 cm in size around the knee.  Do not film the animals face.
2.2.2. Talent shaves the rabbit hair from the selected area using a safety electric shaver.  Do not film the animals face.
2.3. Alternately, disinfect the procedure site with povidone iodine solution and 75% ethanol, three times [1-CU].  Then, apply sterile drapes after the area has thoroughly dried [2-MED-over the shoulder].  
2.3.1. Site as talent alternately disinfects with povidone iodine solution and 75% ethanol.  Use labeled containers.
2.3.2. Talent applies sterile drapes. 
2.4. Use a sterile hypodermic syringe to inject 1 to 2 milliliters of isotonic saline solution, into the knee joint cavity from the lateral articular space [1-ECU].  Move the knee 3 to 4 times, and then aspirate all the synovial fluid at room temperature [2-CU].
2.4.1. Site as talent uses a sterile hypodermic syringe to inject 1 to 2 milliliters of isotonic saline solution, into the knee joint cavity from the lateral articular space.
2.4.2. Knee as talent moves it and then aspirates the synovial fluid.
2.5. Filter the synovial ﬂuid through a 40 micron nylon cell strainer to remove any debris within 4 hours [1-MED-over the shoulder].
2.5.1. Talent filters the synovial fluid through a 40 micron nylon cell strainer.
2.6. To culture of the rabbit SF-MSCs, collect the filtered ﬂuid in 50 milliliter centrifuge tubes and centrifuge at 1,500 rpm for 10 minutes at room temperature [1-MED].
2.6.1. Talent places the 50 mL centrifuge tubes holding the collected filtered fluid into the centrifuge, shuts lid and turns on. 
2.7. Discard the supernatant after the centrifugation and wash the pellet with PBS [1-MED-over the shoulder].  After resuspending the pellet with the complete culture medium, plate the medium in 100 millimeter dishes [2-CU].
2.7.1. Talent discards the supernatant and washes the pellet with PBS from a labeled container.
2.7.2. 100 mm dishes as talent plates the medium there. 
2.8. Incubate the dishes at 37 degrees Celsius in a humidified atmosphere containing 5% CO2 [1-MED-over the shoulder].  After 48 hours, replenish the dishes with fresh medium to remove any non-adherent cells [2-CU].  Replace the medium twice a week for 2 weeks as passage 0 [3-MED].
2.8.1. Talent places the dishes into a humidified incubator.
2.8.3. Talent removes the cells from the incubator in order to replace the medium.
2.8.2. Dishes as talent replenishes them with fresh medium from a labeled container.
2.8.3. Talent removes the cells from the incubator in order to replace the medium. 
2.9. After 14 days following the initial plating, many colonies should have formed in the culture dishes.  Select the colonies larger than 2 millimeters in diameter [1-MED-over the shoulder].  Mark where the selected colonies are located by tracing their circumference on the dish bottom [2-CU].
2.9.1. Talent selects the colonies that are larger the 3 mm in diameter and begins to mark them.  Match/Continue action in next shot.
2.9.2. Dish as talent marks where the selected colonies are located by tracing the circumference on the dish bottom. 
2.10. Discard the colonies less than 2 millimeters wide, using cell scrapers [1-MED-over the shoulder].  Digest the selected colonies with about 5 microliters of 0.25% trypsin, using a cloning cylinder, and transfer the colonies to a new dish as passage 1 [2-MED-TXT].
2.10.1. Plate as talent scrapes colonies less than 2 mm wide.
2.10.2. Talent digests the selected colonies with about 5 microliters of 0.25% trypsin, using a cloning cylinder, and transfers the colonies to a new dish as passage 1.  Use labeled containers.  TEXT Overlay: See text for post-operative animal care.
3. CD90-positive Magnetic Activated Cell Sorting (MACS) of the rbSF-MSCs and Primary Culture
3.1. When the cells reach around 80% confluency, aspirate the medium [1-MED].  Then, add 1 to 2 milliliters of 0.25% Trypsin-EDTA to each dish [2-CU].  Incubate the dishes for 2 to 3 minutes to allow cell detachment [3-MED-over the shoulder].
3.1.1. Talent aspirates the medium.
3.1.2. Dish as talent adds 1 to 2 mL of 0.25% Trypsin-EDTA to each dish.
3.1.3. Talent leaves the dishes to incubate. 
3.2. Once the cells are detached, add an equal amount of the culture medium to inactivate the trypsin [1-CU].  Pass the cell suspension through a 40 micron cell strainer and collect the filtrate in a 15 milliliter tube [2-MED-over the shoulder].  Then, spin down the cells at 600 × g for 10 minutes at room temperature [3-CU].
3.2.1. Cells as talent adds an equal amount of the culture medium to inactivate the trypsin.
3.2.2. Talent passes the cell suspension through a 40 micron cell strainer and collects the filtrate in a 15 mL tube.
3.2.3. Centrifuge as talent places the cell suspension into the centrifuge, and turns it on. 
3.3. Resuspend the cell pellet in MACS running buffer [1-MED-TXT].  To perform magnetic labeling, determine the cell number using a hemocytometer [2-CU].  
3.3.1. Talent resuspends the cell pellet in MACS running buffer and then counts the cell number.  TEXT Overlay: See text for MACS running buffer
3.3.2. Hemocytometer as talent determines the cell number.
3.4. Centrifuge the cell suspension at 300 × g for 10 minutes at 4 degrees Celsius [1-MED-over the shoulder].  After completely aspirating the supernatant, add 80 microliters of resuspension buffer per 10 million total cells [2-CU].
3.4.1. Talent places the cell suspension in the centrifuge, shuts the lid and starts the run.
3.4.2. Cell pellet as talent adds 80 microliters of resuspension buffer per 10 million total cells.
3.5. For 10 million total cells, add 20 microliters of microbeads conjugated with a monoclonal anti-rabbit CD90 antibody [1-MED].  Mix the magnetic beads and cells evenly in the tubes [2-CU].  Then, incubate them at 4 degrees Celsius for 15 minutes in the dark [3-MED-over the shoulder].
3.5.1. Talent adds 20 microliters of microbeads conjugated with a monoclonal anti-rabbit CD90 antibody to tubes.
3.5.2. Tubes as talent mixes the magnetic beads and cells evenly in the tubes.
3.5.3. Talent leaves the covered tubes to incubate in the refrigerator.  
3.6. Add 1 milliliter of buffer per 10 million cells to the tube, and then centrifuge it at 300 × g for 10 minutes at 4 degrees Celsius to wash the cells [1-CU].  Discard the supernatant after the centrifugation [2-MED].  Resuspend the pellet in 500 microliters of buffer per 10 million cells [3-CU].
3.6.1. Tubes as talent adds buffer.  Use labeled containers.
3.6.2. Talent removes the centrifuged cells from the centrifuge and discards the supernatant.
3.6.3. Tube as talent resuspends the pellet in buffer.  Use labeled containers.
4. Magnetic Separation and Culture of the CD90+ rbSF-MSCs

4.1. Place the column, with the column wings to the front, into the magnetic field of the magnetic separator [1-CU].  Rinse the magnetic separator column with 500 microliters of the buffer per 10 million cells [2-MED-over the shoulder].
4.1.1. Magnetic separator as talent places the column with the column wings to the front.
4.1.2. Talent rinses the magnetic separator column with 500 microliters of the buffer per 10 million cells.
4.2. Transfer the single cell suspension into the column [1-CU].  Let the negative cells pass through the magnetic field to discard these unlabeled cells [2-MED-over the shoulder].  Wash the column 1 to 2 times with 500 microliters of the buffer per 10 million cells and discard the flow-through [3-MED].
4.2.1. Column as talent transfers the single cell suspension there.
4.2.2. Talent lets the negative cells pass through the magnetic field and discards the unlabeled cells.
4.2.3. Talent washes the column with 500 microliters of the buffer per 10 million cells and discards the flow-through.
4.3. Transfer the column into a 15 milliliter centrifuge tube [1-CU].  Add 1 milliliter of the buffer per 10 million cells to the column [2-MED-over the shoulder].  Then, immediately push the plunger into the column to flush out the magnetically labeled cells [3-CU].
4.3.1. 15 mL centrifuge tube as talent transfers the column there.
4.3.2. Talent adds 1 mL of the buffer per 10 million cells to the column.  Use labeled containers.
4.3.3. Column as talent immediately pushes the plunger into the column to flush out the magnetically-labeled cells.
4.4. Repeat the aforementioned procedure with a second magnetic separator column to increase the purity of CD90-positive cells, which can enrich the eluted fraction [1-MED].
4.4.1. Talent loads the cells onto a second column.  
4.5. After centrifuging the cell suspension at 300 × g for 10 minutes, aspirate the supernatant, and resuspend the pellet with the culture medium [1-CU].
4.5.1. Tube of centrifuged cells as talent takes it out of the centrifuge, aspirates the supernatant and resuspends the cells in culture medium.
4.6. Inoculate the cells in 100 millimeter dishes after the magnetic activated cell sorting [1-MED].  Incubate the dishes at 37 degrees Celsius in a humidified cell incubator with 5% CO2 [2-MED-over the shoulder].
4.6.1. Talent inoculates the 100 mm dishes.
4.6.2. Talent places the dishes into a 37 degree Celsius incubator and shuts the door. 
4.7. When 80 to 90% confluence of the primary culture is achieved, at about 7 to 10 days, digest the adherent cells with 0.25% Trypsin-EDTA and passage them at a 1 to 2 dilution to make passage 2 [1-CU].
4.7.1. Dishes as talent adds Trypsin-EDTA from a labeled container and passages them. 
4.8. Use the same method to pass the cells to passage 3, which can be used for the in vitro assays [1-WIDE].
4.8.1. Talent performs the 3rd passage.
5. Results: Obtain Purified Rabbit SF-MSCs by CD90-Based Magnetic Activated Cell Sorting 
5.1. Shown here is the morphology of the monolayer cultured rabbit SF-MSCs before… and after MACS under an inverted microscopy [1-LM].
5.1.1. 57466_Wang_Duan_Figure3 – Authors, please provide version of figure 3 without the A through F labels for the video.  Editors, please highlight the top three panels as “before” and the bottom three panels as “after MACS” is narrated.
5.2. Before sorting, the adherent rabbit synovial fluid cell populations display heterogeneity.  They contain diverse cell types and sizes, such as oval, long-spindle, short-spindle, and stellate morphology [1-LM].  
5.2.1. 57466_Wang_Duan_Figure3A-C – Authors, please provide version of figure 3 showing only panels A, B, and C.  Please omit the A, B and C labels for the video.  
5.3. The main morphology of passage 2 and passage 6 is a spindle morphology [1-LM]. 
5.3.1. 57466_Wang_Duan_Figure3A-C – Editors, please emphasize the two panels on the ends (not the middle panel) as this point is narrated.
5.4. Following MACS with CD90, the cell populations exhibit a homogenous morphology [1-LM]. With a sub-culture, the cell number increases [2-LM].
5.4.1. 57466_Wang_Duan_Figure3D-F – Authors, please provide version of figure 3 showing only panels D, E, and F.  Please omit the D, E and F labels for the video.  
5.4.2. 57466_Wang_Duan_Figure3D-F – Editors, please emphasize the middle and right-most panels as this point is narrated.
5.5. Flow cytometry analysis demonstrated that rabbit SF-MSC cells [1-LM] were positive for the MSC markers CD44 and CD105… [2-LM] while negative for the endothelial cell marker CD34 and for the hematopoietic (pronounced as “hi-mat-oh-poi-eh-tik”) cell marker CD45 [3-LM]. 
5.5.1. 57466_Wang_Duan_Figure4C-F – Authors, please provide version of figure 4 showing only panels B, C, D and F.  Please omit the B-F labels and keep the layout consistent with Figure 4 (CD34/CD45 on left and CD44/CD105 on right) for the video.  
5.5.2. 57466_Wang_Duan_Figure4C-F – Editors, please highlight or otherwise emphasize the two panels on the right of the figure.
5.5.3. 57466_Wang_Duan_Figure4C-F – Editors, please highlight or otherwise emphasize the two panels on the left of the figure.
5.6. The result showed that before MACS the rabbit SF-MSC population was composed of approximately 40% MSC cells [1-LM].  After MACS, the enriched population contained greater than 99% MSC cells [2-LM]. 
5.6.1. 57466_Wang_Duan_Figure4C-F – Editors, please zoom into or otherwise emphasize the two panels across the top of the figure.
5.6.2. 57466_Wang_Duan_Figure4C-F – Editors, please zoom into or otherwise emphasize the two panels across the bottom of the figure.
5.7. Shown here is flow cytometry analysis of the CD90 positive marker before… and after MACS sorting [1-LM]. 
5.7.1. 57466_Wang_Duan_Figure4G-H – Authors, please provide version of figure 4 showing only panels G and H.  Please omit the G and H labels and keep the layout consistent with Figure 4 (before on left and after on right) for the video.  – Editors, please highlight or otherwise emphasize the panel on the left as “before” is narrated, and the figure on the right as “after” in narrated.
5.8. Alizarin (pronounced as “uh-liz-er-in”) red staining demonstrated that mineralized nodules formed under osteogenic (pronounced as “os-tee-uh-jen-ik”) induction for 3 weeks [1-LM].
5.8.1. 57466_Wang_Duan_Figure5A_osteogenic – Authors, please provide a separate figure of the osteogenic panel in figure 5A and name it as listed here.  Please omit the “A” label and name it as listed here.
5.9. After 3 weeks of adipogenic induction, accumulation of lipid-rich vacuoles was detected by intracellular Oil Red O staining [1-LM]. 
5.9.1. 57466_Wang_Duan_Figure5A_adipogenic – Authors, please provide a separate figure of the adipogenic panel in figure 5A and name it as listed here.  Please omit the “A” label and name it as listed here.
5.10. After 3 weeks of chondrogenic (pronounced as “con-droh- jen-ik”) induction, the cell pellet was histologically assayed with toluidine (pronounced as “tuh-loo-i-deen”) blue staining. The positive acidic proteoglycan characterized the chondrocyte-like cells [1-LM]. 
5.10.1. 57466_Wang_Duan_Figure5A_chondrogenic – Authors, please provide a separate figure of the chondrogenic panel in figure 5A and name it as listed here.  Please omit the “A” label and name it as listed here.
5.11. After 3 weeks of induction [1-LM], the relative mRNA expression of the osteoblast marker… [2-LM], the adipogenic marker… [3-LM], and the chondrogenic marker was detected [4-LM]. 
5.11.1. 57466_Wang_Duan_Figure5B – Authors, please provide a separate, layered figure for 5B.  Please omit the “B” label and name it as listed here.
5.11.2. 57466_Wang_Duan_Figure5B – Editors, please highlight the darker bar labeled “induced” for “Runx2.”
5.11.3. 57466_Wang_Duan_Figure5B – Editors, please highlight the darker bar labeled “induced” for “PPAPγ.”
5.11.4. 57466_Wang_Duan_Figure5B – Editors, please highlight the darker bar labeled “induced” for “Agg.”
6. Conclusion (said by authors on camera)
6.1. Li Duan: Once mastered, this technique can be done in 2 to 4 hours.  After watching this video, you should have a good understanding of the straightforward isolation and purification of mesenchymal stem cells from New Zealand white rabbit synovial fluid [1-MED].
6.1.1. Li Duan speaks towards the camera, interview style.  

6.2. Li Duan: While attempting this procedure, it’s important to remember to select the colonies larger than 2-millimeters in diameter.  Also produce a single-cell suspension before immunomagnetic sorting as unwanted cells attached to a labeled cell will remain on the magnetic bead [1-MED]. 
6.2.1. Li Duan speaks towards the camera, interview style.  

6.3. Li Duan: Following this procedure, other methods like fluorescence-activated cell sorting can be performed in order to answer additional questions addressing the safety and efficacy of purification of mesenchymal stem cells [1-MED].
6.3.1. Li Duan speaks towards the camera, interview style.  

6.4. Li Duan: After its development, this technique paved the way for researchers in the field of articular regeneration strategies to explore the ideal seed cells in articular cartilage injury [1-MED].
6.4.1. Li Duan speaks towards the camera, interview style.  

6.5. Li Duan: Don't forget that the operations were performed on an ultra-clean bench and precautions such as gloves should always be taken while performing this procedure [1-MED].   
6.5.1. Li Duan speaks towards the camera, interview style.  

6.6. Li Duan: The implications of this technique extend toward therapy of articular cartilage injury, because synovial fluid-derived MSCs are promising candidates for articular regeneration [1-MED].
6.6.1. Li Duan speaks towards the 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.  

Authors – please upload the following figure modifications to your upload site (using the names listed in black font): http://www.jove.com/files_upload.php?src=17527178
57466_Wang_Duan_Figure3 – Authors, please provide version of figure 3 without the A through F labels for the video.  
57466_Wang_Duan_Figure3A-C – Authors, please provide version of figure 3 showing only panels A, B, and C.  Please omit the A, B and C labels for the video.  
57466_Wang_Duan_Figure3D-F – Authors, please provide version of figure 3 showing only panels D, E, and F.  Please omit the D, E and F labels for the video.  
57466_Wang_Duan_Figure4C-F – Authors, please provide version of figure 4 showing only panels B, C, D and F.  Please omit the B-F labels and keep the layout consistent with Figure 4 (CD34/CD45 on left and CD44/CD105 on right) for the video.  
57466_Wang_Duan_Figure4G-H – Authors, please provide version of figure 4 showing only panels G and H.  Please omit the G and H labels and keep the layout consistent with Figure 4 (before on left and after on right) for the video.  
57466_Wang_Duan_Figure5A_osteogenic – Authors, please provide a separate figure of the osteogenic panel in figure 5A and name it as listed here.  Please omit the “A” label and name it as listed here.
57466_Wang_Duan_Figure5A_adipogenic – Authors, please provide a separate figure of the adipogenic panel in figure 5A and name it as listed here.  Please omit the “A” label and name it as listed here.
57466_Wang_Duan_Figure5A_chondrogenic – Authors, please provide a separate figure of the chondrogenic panel in figure 5A and name it as listed here.  Please omit the “A” label and name it as listed here.
57466_Wang_Duan_Figure5B – Authors, please provide a separate, layered figure for 5B.  Please omit the “B” label and name it as listed 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 are included in the email accompanying the finalized script.
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