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A.  Will you require JoVE to recordN video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____N___ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. Sections 3-5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. There are no difficult procedures
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? 
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   make use of clotted bone marrow samples by digesting the clots with urokinase. (Intro)

This is accomplished by first _filtering the bone marrow sample over a cell strainer_. (P1, Editor, begin with the tube on the left in P1 with the red.  Then bring in the empty tube and the filter dish-place the filter dish over the plate and pour the red tube into the plate.  The turn the tube at the bottom brown as shown.)
Next, the bone marrow clot is cut into small pieces_. (P2, Editor, transfer the filter with the clot into the larger plate as shown to the right, then bring in the scalpel and cut the red clot, then transition to the plate, filter, and clot to the right of the green arrow.  Keep the tube with brown liquid in view for step P4.)
Then, the  clot is transferred to a falcon tube and digested using  urokinase. (P3, Editor, transfer the red clot in the filter into one of the tubes in P3.  Then bring in the pipetteman and the small blue tube.  Pipette up some solution from the small blue tube and place it into the tube with the clot.  Then transition to the middle tube and then the right hand tube with the brown liquid to represent the digestion.)
Finally, the digested clot material is seeded for expansion of mesenchymal stem cells, or MSCs. (P4, Editor, bring in the two pink plates  in P4 and pour the tube on the right in P3 and the tube from P1 into the plates as shown by the arrows.)
Ultimately, the plates are compared to a control plate using Giemsa stain to assess the efficacy of the digest. (P5, Editor, transition to the blue rectangular panel with the two circles in P5 and then bring in the magnifying glass on the right and zoom in slightly on it.)
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).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Alessandro Bertolo: The implications of this technique extend toward autologous stem cell therapy or diagnosis, because grafts need expansion and differentiation of a large number of stem cells.  

1.2. Author name Jivko Stoyanov: We first had the idea for this method, when we realized that a lot of bone marrow samples from dogs were clotted when they arrived in our lab. We simply did not want to trash such precious samples.
Protocol (read by voice talent at JoVE):
2. Preparation of Urokinase and Enzymatic Digestion of Clot
2.1. TEXT ON WHITE BACKGROUND: Human bone marrow aspirates from the iliac crest were collected from consenting donors with the approval of the ethics committee of the canton of Lucerne. Canine bone marrow aspirates from the iliac crest were collected with dog owner’s consent.
2.1.1. TEXT of the above statement

2.2. To reconstitute urokinase, inject 10 ml of sterile PBS into the septum-inlet flask and vortex to dissolve to a concentration of 50,000 units per ml.

2.2.1. WIDE Talent at bench pipetting PBS and adds PBS to flask of urokinase
2.2.2. MED/CU Talent adds PBS to flask of urokinase then swirls vortexes to reconstitute

2.3. Aliquot 500 ul of 25,000 units each into sterile tubes and store at -20C for up to 6 months.

2.3.1. CU Talent aliquots urokinase into tubes 

2.3.2. WIDE Talent places tubes in freezer

2.4. To carry out a digestion reaction, thaw one aliquot of urokinase per clotted bone marrow aspirate of up to 25 ml.  Preheat a water bath or shaking incubator to 37C.

2.4.1. CU Talent removes an aliquot of urokinase from freezer box and holds for camera

2.4.2. MED Talent sets water bath or shaking incubator to 37 degrees C

2.5. Under a laminar flow biosafety cabinet and while wearing gloves, place a 100 um cell strainer on top of a 50 ml tube.  Carefully pour the bone marrow aspirate through the cell strainer, tilting the strainer or moving around the clot material.  Use a sterile pipette for better flow through the filter mesh (TEXT: avoid diluting clot). (Alternate take recorded for presumed missing word - Alex)

2.5.1. MED Talent at biosafety cabinet wearing gloves

2.5.2. CU Talent places cell strainer on top of 50 ml tube

2.5.3. CU Talent pours bone marrow aspirate through cell strainer tilts and and moves around the strainer then uses a sterile pipette to help with flow through
2.5.4. CU Talent tilts and moves around the strainer then uses a sterile pipette to help with flow through clot stirring
2.6. With sterile forceps, transfer the bone marrow clot material into an empty cell culture dish then use a sterile scalpel to cut the debris into 2 mm3 pieces.

2.6.1. CU Talent transfers clot material into empty cell culture dish

2.6.2. CU Talent uses scalpel to cut clot into small pieces

2.7. Next, with a 5 ml microtiter pipet, triturate the clot by pipetting up and down 5 times.  Then add 1 aliquot of urokinase to the sample and incubate at 37C for 30 minutes in a water bath or shaking incubator.
2.7.1. MED/CU Talent uses microtiter pipet to triturate clot 5 times (clot got stuck in pipette)
2.7.2. CU Talent adds urokinase to sample

2.7.3. MED Talent places sample into water bath or shaking incubator (and turns shaking on)

2.8. After the incubation, in the biosafety cabinet, triturate again as just demonstrated and incubate for an additional 30 minutes.  Then triturate 5 more times and pass the sample over a fresh 100 um cell strainer and pool with the initial filtrate.
2.8.1. FREEZE FRAME from 2.7.1
2.8.2. FREEZE FRAME from 2.7.3, Editor, place side-by-side as split screen with 2.8.1 when mentioned
2.8.3. MED/CU Talent finishes triturating sample and pipettes sample into a fresh cell strainer

2.8.4. CU Talent combines the two filtrates 

2.9. Centrifuge the cell suspension at 500 x g and room temperature for 10 minutes.  After discarding the supernatant, use 50 ml of basal medium to resuspend the pellet (TEXT: refer to text protocol for recipe).

2.9.1. MED Talent places sample into centrifuge and sets speed and time
2.9.2. [added] Taking supernatant out of tube
2.9.3. [original 2.9.2] CU Talent adds basal medium from labeled bottle to pellet and resuspends
3. Seeding for Expansion of Cell Culture and CFU Plates
3.1. Using Trypan Blue solution, dilute an aliquot of resuspended cells 1:10 and add the suspension to a Neubauer chamber to count them.

3.1.1. CU Talent adds Trypan Blue to an aliquot of cells

3.1.2. CU Talent adds cells to Neubauer chamber

3.2. After counting the cells, plate them in cell culture flasks at a density of 5 x 107 cells/cm2. For the CFU assay control, plate 109 cells in a 10 cm diameter round cell culture dish.  Incubate in a humidified chamber at 37C (TEXT: grow under 5% O2 if possible).  

3.2.1. MED/CU Talent plates cells into cell culture flasks

3.2.2. MED/CU Talent plates cells in round cell culture dish

3.2.3. WIDE Talent places flasks and plates into incubator; B need another version for 4.3.3 below; C need another version for 5.5.3 below

3.3. Following three days of culturing, MSCs will be attached to the cell culture dish while other cells remain in suspension.  Use basal medium containing 5 ng/ml of basic fibroblast growth factor to replace the medium in both the experimental and control plates. 

3.3.1. CU Talent removes medium from cell culture dish to remove cells in suspension

3.3.2. MED/CU Talent adds fresh basal medium to the experimental and control plates - have medium labeled and visible

3.4. Continue to culture for a total of 2 weeks, changing the medium three times/week.  If the cells exceed 80% confluency, trypsinize the culture and split (TEXT: do not split control plate).

3.4.1. FREEZE FRAME from 3.2.3

3.4.2. FREEZE FRAME from 3.3.2, Editor, place side by side with 3.4.1 when changing the medium is mentioned

3.4.3. MED/CU Talent adds trypsin to plate - have trypsin labeled and visible
4. Giemsa Stain for CFU Assay

4.1. To carry out the CFU assay, prepare 10 ml of Giemsa solution per dish by using sterile water to dilute the stock solution 1:10.  

4.1.1. CU Talent dilutes Giemsa stock solution with sterile water

4.2. Remove the medium from the cell culture dish and use PBS to carefully wash the cells.

4.2.1. CU Talent removes medium from culture dish then adds PBS to cells to wash

4.3. With pure methanol, fix the cells at room temperature for 5 minutes.  Then discard the methanol and add the Giemsa solution.  Incubate in a humidified chamber at 37C for 60 minutes.

4.3.1. CU Talent adds methanol to cells then starts timer in view for 5 minutes

4.3.2. CU Talent aspirates methanol and then adds Giemsa solution

4.3.3. Use 3.2.3B here

4.4. After the incubation, use PBS to wash the cells twice.  Then air-dry the plate head first on a paper towel.  With a marker on the back of the plate, manually count the colonies.

4.4.1. MED/CU Talent adds PBS to cells to wash

4.4.2. CU Talent places plate head first on paper towel

4.4.3. ECU Talent counts colonies on back of plate with a marker
5. Canine MSC Differentiation and Chondrogenic Differentiation
5.1. For adipogenic differentiation, culture MSCs in a monolayer at 4 x 105 cells/cm2 alternating between two different culture conditions.  For the first condition, culture cells in adipogenesis maintenance medium and for the second condition, culture cells in adipogenesis inducing medium with maintenance medium according to the recipes outlined in the text protocol.

5.1.1. MED/CU Talent places flasks of MSC on bench with labeled bottles of medium nearby

5.1.2. CU of adipogenesis maintenance medium behind or near a flask of cells 

5.1.3. CU of adipogenesis inducing medium with maintenance medium

5.2. To visualize the lipid droplets, use 10% formaldehyde to briefly fix the cells, then with PBS wash the cells before using 0.35% Oil red O in isopropanol to stain the cells. 

5.2.1. CU Talent adds 10% formaldehyde to cells to fix

5.2.2. CU Talent adds PBS to cells to wash

5.2.3. CU Talent adds Oil red O in isopropanol to cells to stain

5.2.4. LAB MEDIA Figure 3, Editor, use the adipogenic, urokinase treated panel here and use as an inset for 5.2.3 

5.3. For osteogenic differentiation, culture MSCs in a monolayer at 7 x 103 cells/cm2.  After stimulating the cells using the medium outlined in the text protocol, use 10% formaldehyde to briefly fix the cells.  

5.3.1.  MED/CU Talent places flask or plate of cells on bench - have stimulating medium in background

5.3.2. CU Talent removes stimulating medium from cells - have labeled medium visible

5.3.3. CU Talent adds formaldehyde

5.4. Once the cells have been washed with PBS, use Von Kossa stain (TEXT: 5% AgNO3 in distilled water) to identify mineral deposits.

5.4.1. CU Talent adds Von Kossa stain to cells

5.4.2. LAB MEDIA Figure 3; Editor, use the osteogenic,  urokinase treated panel as an inset with 5.4.1

5.5. To carry out chondrogenic differentiation, from a sponge-shaped medical device constituted from lyophilized collagen type I, cut cubes 3 mm per side.

5.5.1. CU Talent picks up sponge-shaped device and begins to cut into cubes

5.6. Seed MSCs on top of the cubes at a concentration of 4 x 108 cells/ml (TEXT: ~70K cells/cube).  After allowing the cells to adhere to the cubes for 30 minutes at room temperature maintain MSC-collagen constructs in chondrogenic medium as listed in the text protocol.

5.6.1. CU/ECU Talent adds MSCs onto cubes

5.6.2. WIDE/MED Talent picks up plates of cells that have been incubating

5.6.3. Use 3.2.3C here

5.7. To visualize the accumulation of proteoglycans in the construct sections, carry out alcian blue staining by first dissolving 0.4% alcian blue in 0.01% sulfuric acid and 0.5M guanidine hydrochloride.  

5.7.1. MED/CU Talent adds alcian blue to H2SO4 and guanidine hydrochloride 
5.8 section renumbered to be new 5.7
5.8. Add 0.4% alcian blue solution to the sections and incubate overnight at 4°C.  The next day, use 40% DMSO and 0.05M MgCl2 to wash the cells for 30 minutes before using nuclear fast red to counterstain the cells.

5.8.1. CU Talent adds alcian blue to sections

5.8.2. WIDE Talent places sections into fridge

5.8.3. MED/CU Talent adds DMSO/MgCl2 to cells 

5.8.4. CU Talent adds nuclear fast red to cells to counterstain

5.8.5. LAB MEDIA Figure 3 Chondrogenic, urokinase treated panel; Editor, use as an inset for 5.8.4

6. Results: Mesenchymal Stem Cell Rescue from Clotted Bone Marrow
6.1. As demonstrated here, a simple DAPI-stained section of clot material confirms the presence of nucleated cells at high density, indicating that a considerable number of MSCs are trapped within the clots.

6.1.1. LAB MEDIA Figure 1B

6.2. Using the protocol described in this video, treatment with urokinase allowed the digestion of all but 15% by weight of dog and 9% by weight of human blood clots.

6.2.1. LAB MEDIA Figure 2A, Editor, point out the after column for dog when mentioned and the after column for human when mentioned.

6.3. To determine the efficacy of the urokinase digestion, cells from clotted sample filtrates and digested clots were seeded separately and incubated for two weeks.  Giemsa stain of the cells showed 3.8 times more CFUs from urokinase digested canine samples than from corresponding initial filtrates.  Human digested samples showed 1.6 more CFUs than the undigested filtrates.  

6.3.1. LAB MEDIA Figure 2B, Editor, add in the header ‘filtrate’ for the left top and bottom plates when clotted sample filtrates are mentioned and the header ‘clot’ for the right hand top and bottom plates when digested clots is mentioned.

6.4. In this experiment, MSCs from bone marrow clots were compared to MSCs derived from unclotted bone marrow samples for their ability to differentiate under the appropriate culture conditions.  After four weeks in culture, it was possible to differentiate MSCs from digested samples into adipogenic, osteogenic, and chondrogenic lineages.  Furthermore, Von Kossa, Oil Red O, and Alcian Blue staining indicated no differences in the grade of differentiation between the groups. 

6.4.1. LAB MEDIA Figure 3, Editor, add in the ‘Osteogenic’, ‘Adipogenic’, and ‘Chondrogenic’ headings when mentioned and then point out the left hand panels for Von Kossa, the middle panels for Oil Red O staining, and the right hand panels for Alcian Blue staining.
7. Conclusion (said by authors on camera)
7.1. Author name Alessandro Bertolo: Once mastered, this technique can be done in about one and a half hours if it is performed properly.

7.2. Author name Jivko Stoyanov: After watching this video, you should have a good understanding of how to isolate mesenchymal stem cells for expansion culture even if your samples are clotted. Instead of discarding the sample, our protocol uses the enzyme urokinase to digest the clot and liberate stem cells for expansion culture. 
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.  

8.1.1 – 52694_Schlafli_LABMEDIAFigure1B.tif

8.2.1 – 52694_Schlafli_LABMEDIAFigure2A.tif

8.3.1 – 52694_Schlafli_LABMEDIAFigure2B.tif

8.4.1 – 52694_Schlafli_LABMEDIAFigure3.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.
 2013, Journal of Visualized Experiments


