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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? 
2.5., 2.6., 3.5., 3.6., 4.1., 5.1., 5.5.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.4. and 5.5. require good lab practice and manual skill to transfer cell aggregates from hanging drop to culture plate. We believe this could represent the most difficult step to perform. As suggested in the manuscript, we produce 3D spheroids as many as possible in order to have them in excess. Thus, if disaggregation occurs the step could be repeated until success.
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 isolate mesangiogenic progenitor cells, or MPC (Pronounce: M-P-C), from the human bone marrow by selective culture conditions for testing both their mesengenic and angiogenic potentials. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Simone Pacini: Mesangiogenic progenitor cells have been identified at a low percentage within mesenchymal stromal cells cultures optimized for clinical application when FBS has been replaced by human serum.
1.2. Marina Montali: This technique is unique in that it allows the consistent isolation of a large number of highly purified MPCs suitable for sprouting angiogenesis and the generation of synchronized MSC cultures. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Serena Barachini: We discovered this method when, after trypsin digestion of MSC cultures in autologous serum, few fried egg-shaped cells remained attached but differentiated into MSC after FBS treatment.
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)
1.4. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) of the Azienda Ospedaliero-Universitaria Pisana.

Protocol (read by voice talent at JoVE):
2. Human bone marrow mononuclear cell (hBM-MNC) isolation
2.1. To isolate human bone marrow mononuclear cells, or MNC (Pronounce: M-N-C), begin by diluting 5-10 ml of fresh bone marrow up to a total volume of 50 ml with DPBS [2.1.1.-WIDE-TXT] and mix the cell solution by inversion [2.1.2.-MED].
2.1.1. Few seconds Talent adding DPBS to cells (TEXT: e.g hBM samples from hip replacement surgery)
2.1.2. Few seconds Talent inverting tube, with DPBS container visible in frame if possible
2.2. Next, equally distribute 25 ml of cells into two new 50 ml conical tubes [2.2.1.-MED] and add 25 ml of fresh DPBS to each tube for a second mix by inversion [2.2.2.-CU].
2.2.1. Few seconds Talent adding cells to tube at least one tube, with both tubes visible in frame
2.2.2. Few seconds DPBS being added to at least one tube, with DPBS container label visible in frame

2.3. Then rest the cells at room temperature to allow the mineral bone fragments and fat to separate from the solution [2.3.1.-MED].

2.3.1. Talent placing tubes at RT

2.4. After 10 minutes, use a Pasteur pipette to carefully remove the floating fat [2.4.1.-CU] and filter the cell suspensions through individual 70 micron filters without disturbing the mineral bone fragment pellets [2.4.2.-CU].

2.4.1. Shot of settled bone fragments/risen fat, then few seconds fat being removed
2.4.2. Few seconds cells being filtered 

2.5. To isolate the MNC, layer 20-25 ml of the diluted bone marrow on top of room temperature 1.077 g/ml density gradient medium in each of two 50 ml tubes [2.5.1.-CU-TXT] and separate the cells by centrifugation [2.5.2.-MED-TXT].

2.5.1. Few seconds bone marrow being layered onto gradient (TEXT: Trickle cell suspension along tube wall to prevent layer mixing) 
2.5.2. Talent placing tube(s) into centrifuge (TEXT: 30 min, 400 x g, RT, no brake)

2.6. Then use a sterile Pasteur pipette to pool the whitish rings of cells at the interfaces in a new 50 ml tube [2.6.1.-CU].

2.6.1. Few seconds cells being collected

2.7. Wash the isolated mononuclear cells with fresh culture medium for 5 minutes at 400 x g and room temperature [2.7.1.-CU-TXT].

2.7.1. (this shot is included in 2.6.1) Few seconds medium being added to cells, with medium container label visible in frame (TEXT: See text for all media/reagent preparation details)

2.8. Then re-suspend the pellet in 5-10 ml of fresh culture medium [2.8.1.-CU-TXT].

2.8.1. Shot of pellet if visible, then few seconds cells being resuspended in medium (TEXT: Count viable cells by trypan blue exclusion)

3. Mesangiogenic progenitor cell (MPC) isolation from hBM-MNCs

3.1. To isolate the MPC, equilibrate hydrophobic T-75 flasks with 15 ml of fresh culture medium at 37°C and 5% CO2 [3.1.1.-WIDE].
3.1.0.	Added shot: Talent prepares the flask adding fresh medium
3.1.1. Talent placing flask(s) into incubator

3.2. After 30 minutes, seed 4-6 x 107 of the human bone marrow mononuclear cells per flask for a 48 hour incubation [3.2.1.-MED].
3.2.1. Few seconds Talent seeding BM cells into one flask, with other flasks visible in frame if possible

3.3. On the second day, discard the medium and non-adherent cells from flasks [3.3.1.-MED-TXT] and feed the cells with 15 ml of fresh culture medium [3.3.2.-CU].

3.3.1. Few seconds Talent discarding medium (TEXT: Optional: Re-plate non-adherent cells in new flash)
3.3.2. Few seconds medium being added to at least one flask, with medium container label visible in frame
3.3.3. Added shot: Flask is taken away from the cabinet

3.4. Return the cultures to the incubator for 6-8 days [3.4.1.-CU-TXT].

3.4.1. Flask(s) being placed into incubator (TEXT: Change medium every other day)

3.5. At the end of the incubation, wash the adherent cells with fresh DMEM [3.5.1.-CU].

3.5.1. Few seconds cells being washed with DMEM, with DMEM container label visible in frame

3.6. Then incubate the cells with 2 ml of animal free protease detaching solution for 5-15 minutes at 37°C [3.6.1.-CU-TXT].

3.6.1. Few seconds protease being added to at least one flask, with protease container label visible in frame (TEXT: Do not detach w/ trypsin/MPC resistant to trypsin)
 3.6.2.	Added shot: Reuse 3.4.1

3.7. When the cells have lifted from the bottom of the flask, add 10 ml of fresh culture medium to stop the reaction [3.7.1.-MED] and collect the cells by centrifugation [3.7.2.-CU-TXT], resuspending the pellet in 1-2 ml of fresh culture medium [3.7.3.-CU].

3.7.1. Few seconds Talent adding medium to flask, with medium container visible in frame
3.7.2. Tube(s) being placed into centrifuge bucket (TEXT: 5 min, 400 x g, RT)
3.7.3. Shot of pellet if visible, then few seconds cells being resuspended in medium, with medium container visible in frame [Comment: At the end of this shot talent added to much culture medium, resulting not congruent with the voiceover, please use detail shot in 3.7.3.B.]
3.7.3.B.	Added shot: Detail of 2 ml medium
4. MPC mesengenic differentiation

4.1. After counting the MPC, plate 2 x 104/cm2 of the cells into tissue culture-treated T75 culture flasks [4.1.1.-WIDE] and adhere the cells overnight in 15 ml of fresh culture medium in the cell culture incubator [4.1.2.-MED].

4.1.1. Few seconds Talent adding cells to at least one flask
4.1.2. Talent placing flask(s) into incubator

4.2. The next morning, replace the cultured medium with 200 microliters/cm2 of mesenchymal stromal cell, or MSC (Pronounce: M-S-C), expansion medium [4.2.1.-MED] and culture the cells for another 7-10 days [4.2.2.-CU-TXT].

4.2.1. Few seconds Talent adding MSC medium to at least one flask, with MSC medium container visible in frame
4.2.2. Flask(s) being placed into incubator Reuse 4.1.2 (TEXT: Refresh medium every 2 d)

[Comment: Scenes 4.3, 4.4 and 4.5 result redundant. Filming these scenes would not help to better understand the action. They represent consecutive steps that are already filmed, and both 4.3 and 4.4 could be summarized by the phrase “subculture at…”. Thus these scenes were not filmed, but summarized in shot 4.2.3 and 4.2.4.]
 
4.3. [bookmark: _GoBack]When the cultures have reached confluence, subculture at 3-5 x 103 cells/cm2 until reaching a new confluence of passage 2 MSC. Then perform protease digestion to collect the cell, as previously demonstrated. [4.3.1.-CU] [4.3.2.-CU].[4.2.3] [4.2.4]

4.3.1. Few seconds flask being washed with medium, with medium container label visible in frame
4.3.2. Few seconds detaching solution being added to flask, with detaching solution container label visible in frame 

4.4. After collecting the detached cells by centrifugation, resuspend the pellet in 1-2 ml of fresh mesenchymal cell expansion medium [4.4.1.-CU] and count the viable cells by trypan blue exclusion [4.4.2.-CU].

4.4.1. Shot of pellet if visible, then few seconds pellet being resuspended in medium, with medium container label visible in frame
4.4.2. Shot of trypan blue being added to hemocytometer

4.5. Now seed 3-5 x 103 cells/cm2 in fresh expansion medium [4.5.1.-MED] and return the cultures to the incubator until they reach confluence [4.5.2.-MED].

4.5.1. Few seconds Talent adding cells to flask
4.5.2. Talent adding flask(s) to incubator

 4.2.3. Added shot: Talent shows “P1-MSC” labeled flask replaced by a “P2-MSC” labeled flask, and then shows a tube containing the collected MSC.
4.2.4. Detail for the detached cells. (TEXT: <95% CD73+CD90+CD45negCD31neg = partial differentiation/additional passage needed)

4.6.  [4.6.1.-MED-TXT] Plate 2 x 104 cells/cm2 in tissue culture-treated 6 well plates in fresh expansion medium [4.6.2.-MED-over the shoulder].

4.6.1. Few seconds Talent aspirating cells with protease detaching solution visible in frame OR other representative shot (TEXT: <95% CD73+CD90+CD45negCD31neg = partial differentiation/additional passage needed)
4.6.2. Few seconds Talent adding cells to at least one well

4.7. After growing the cultures to confluence again, mark two wells as “No differentiation” [4.7.1.-CU] and refresh the expansion medium [4.7.2.-CU].

4.7.1. “No diff” being marked onto at least one well of lid
4.7.2. Few seconds medium being added to corresponding well, with expansion medium container label visible in frame [Comment: these shots has been filmed with no cuts, resulting in a merged “4.7.1+4.7.2”]

4.8. Mark two wells as “Osteoblasts” [4.8.1.-CU] and replace the medium with 200 microliters/cm2 of standard osteogenic medium specifically designed for MSC differentiation [4.8.2.-CU].

4.8.1. “Osteo” being marked onto at least one well of lid
4.8.2. Few seconds medium being added to corresponding well, with osteogenic medium for MSC differentiation container label visible in frame[Comment: these shots has been filmed with no cuts, resulting in a merged “4.8.1+4.8.2”]

4.9. Then mark two wells as “Adipocytes” [4.9.1.-CU] and replace medium with 200 microliters/cm2 of standard adipogenic medium specifically designed for MSC differentiation [4.9.2.-CU].

4.9.1. “Adipo” being marked onto at least one well of lid
4.9.2. Few seconds medium being added to corresponding well, with adipogenic medium for MSC differentiation container label visible in frame [Comment: these shots has been filmed with no cuts, resulting in a merged “4.9.1+4.9.2”]

4.10. Return the cells to the cell culture incubator for 2-3 weeks [4.10.1.-MED-TXT] until the cells have differentiated [4.10.2.-LM], then proceed to fluorescent detection of extracellular calcium deposits and intracellular lipid droplets accumulation.

4.10.1. Talent placing plate into incubator (TEXT: Change medium every 2 d) 
4.10.2. Pacini_Figure 2B.tiff 

4.11. Then discard the medium from each well [4.11.1.-MED] and wash the cultures with DPBS [4.11.2.-CU]. 

4.11.1. Few seconds Talent discarding medium from at least one well
4.11.2. Few seconds one well being washed with DPBS

5. MPC spheroid sprouting assay

5.1. To produce 3D spheroids, seed a large number of 20 microliter drops of freshly isolated MPC suspension on the inner surface of a Petri dish lid [5.1.1.-WIDE-TXT].

5.1.1. Few seconds Talent seeding drops onto lid (TEXT: 1.5 x 104 cells/drop) [Comment: This shot include 5.2.1. and 5.2.2. without cuts]

5.2. When all of the drops have been placed [5.2.1.-CU], carefully place the lid onto a Petri dish base containing DPBS to prevent hanging drop evaporation [5.2.2.-CU] and place the plate in the cell culture incubator overnight [5.2.3.-CU].

5.2.1. Shot of all drops on lid (Comment: this shot has been included in 5.5.1)
5.2.2. Few seconds lid being placed (Comment: this shot has been included in 5.5.1)
5.2.3. Few seconds dish being placed into incubator

5.3. The next morning, add 300 microliter aliquots of standard extracellular matrix proteins to each well of a 4°C 24 well culture plate [5.3.1.-CU] and gel the matrix proteins at 37°C for 30 minutes [5.3.2.-CU].

5.3.1. Few seconds ECM proteins being added to at least one well, with ECM proteins container label visible in frame
5.3.2. Plate being placed at 37°C

5.4. Add 700 microliters of standard vascular endothelial growth factor-rich endothelial cell growth medium, onto the gelled ECM proteins. When the MPC have aggregated into 3D spheroids, carefully invert the Petri dish lid [5.4.1.] and use a sterile Pasteur pipette to gently harvest the spheroids [5.4.2.-CU]. Finally, seed the spheroids into the culture wells and return the plate into the incubator. 

5.4.1. Few seconds lid being inverted 
5.4.2. Few seconds at least one spheroid being harvested

5.5. Finally, seed the spheroids onto the extracellular matrix protein gel [5.5.1.-CU] and feed them with 700 microliter aliquots of standard vascular endothelial growth factor-rich endothelial cell growth medium for further culture at 37°C and 5% CO2 [5.5.2.-CU].
5.5.1. At least one spheroid being seeded Medium being added to a few wells, with medium container label visible in frame.
5.5.2. Few seconds lid being inverted. Few seconds at least one spheroid being harvested and seeded.

5.5.3. Medium being added to a few wells, with medium container label visible in frame
6. Results: Representative MNC differentiation and analyses
6.1. Morphologically, MPC are characterized by their distinctive fried egg-shape, with a thick core region surrounded by a flat thin periphery exhibiting many filipodia [6.1.1.-LM]; polar elongation of the outer cell boundary is also often observed [6.1.2.-LM].
6.1.1. Pacini_Figure1A1.tiff: please add white arrowheads as in Montali Figure 1.psd
6.1.2. Pacini_Figure1A1.tiff: please add black arrowheads as in Montali Figure 1.psd
6.2. MPC culture in MSC expansion medium results in the rapid but partial differentiation into proliferating flat and multi-branched cells [6.2.1.-LM], with residual undifferentiated MPC still detectable. After a further passage cultures results in monolayer of exponentially growing MSC-like cells[6.2.2.-LM]
6.2.1. Pacini_Figure1B1.tiff: no animation  Pacini_Figure2A.tiff: please highlight/indicate left image
6.2.2. (Added shot) Pacini_Figure2A.tiff: please highlight/indicate right image
6.3. In the process, the MPC [6.3.1.-LM] re-organize their F-actin into stress fibers [6.3.2.-LM], while the nestin expression [6.3.3.-LM] becomes confined to a few rare cells [6.3.4.-LM].
6.3.1. Authors: please submit Figures 1A3 and 1B3 together in one .tiff file without the letter labels: Please indicate some red staining in left images
6.3.2. Pacini_Figure1A3B3: Please indicate some red staining in right images
6.3.3. Pacini_Figure1A3B3: Please indicate some green staining in left images
6.3.4. Pacini_Figure1A3B3: Please indicate some green staining in right images
6.3.B [Comment: Added scene describing immunophenotype] Flow cytometry of freshly isolated MPC shows over 95% of cells expressing CD31 and CD45 but lacking mesenchymal associated antigens CD90 and CD73 [6.3.B.1]. These latest antigens are highly expressed only after a complete differentiation into MSC [6.3.B.2] 
	6.3.B.1 Pacini_Figure1A2.tiff
	6.3.B.2 Pacini_Figure1B2.tiff
6.4. Confirming their mesenchymal nature, when fed with differentiating medium for at least 2 weeks, these cells can readily be induced into osteoblasts, as indicated by their calcium deposits, [6.4.1.-LM] or adipocytes, as apparent by the lipid droplet accumulation, [6.4.2.-LM], confirming the MSC nature of the pre-differentiated cell cultures [6.4.3.-LM]. 
6.4.1. Pacini_Figure2B.tiff: please highlight/indicate left image
6.4.2. Pacini_Figure2B.tiff: please highlight/indicate right image
6.4.3. Pacini_Figure2B.tiff: no animation
6.5. MPC-typing is further confirmed in a sprouting angiogenesis assay, with the cells exhibiting an ability to invade a murine extracellular matrix protein gel from 3D spheroids after 24 hours of vascular endothelial growth factor-stimulus [6.5.1.-LM].
6.5.1. Pacini_Figure2C.tiff: please highlight/indicate left image
6.6. After one week, the invading cells migrate over an even greater distance [6.6.1.-LM], an invasion capacity that is lost in second passage MSCs after their mesengenic differentiation [6.6.2.-LM].
6.6.1. Pacini_Figure2C.tiff: please highlight/indicate right image
6.6.2. Pacini_Figure2D.tiff: no animation 

7. Conclusion (said by authors on camera)
7.1. Marina Montali: Once mastered, an MPC culture can be established in one hour if it is set up properly, providing between 1-2x106 MPC in less than a week.
7.2. Marina Montali: When attempting this procedure, it’s important to evaluate the performance of the human sera batches before their use in culture.
7.3. Serena Barachini: At the moment, our MPC isolation protocol is the only available method for obtaining highly reproducible, nearly pure MPC cultures for further downstream applications.
7.4. Simone Pacini: After its development, this technique paved the way for researchers in the field of cell based therapy to explore the possibility of applying MPC in skeletal tissue regeneration. 

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.  

6.1-01 6.1-01/02 Pacini_Figure1A1.tiff
6.2-01 6.2-01/02 Pacini_Figure1A2.tiff Pacini_Figure2A.tiff
6.3-01 6.3-01/02/03/04 Pacini_Figure1A3.tiff Pacini_Figure1A3B3.tiff
6.3.B-01 Pacini_Figure1A2.tiff
6.3.B-02 Pacini_Figure1B2.tiff
6.4-01/02/03 Pacini_Figure1B1.tiff Pacini_Figure2B.tiff
6.5-01 Pacini_Figure1B2.tiff Pacini_Figure2C.tiff
6.6-01 Pacini_Figure1B3.tiff  Pacini_Figure2C.tiff
6.6-02 Pacini_Figure2D.tiff
6.7-01; 6.8-01 Pacini_Figure2A.tiff
6.9-01 Pacini_Figure2B.tiff
6.10-01; 6.11-01 Pacini_Figure2C.tiff
6.11-01 Pacini_Figure2D.tiff


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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