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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 
3.3.,3.10.,4.4., 4.6.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.3. the success of this step is ensured first by using a very small volume of cells and then, by precisely seeding the cells neither too slowly nor too quickly and neither too close nor too far from the magnetic tip.
4.4.manipulate very carefully to avoid any contaminations. 
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 magnetic cell aggregation and dynamic maturation method is to improve the in vitro chondrogenesis of mesenchymal stem cells, or MSC (Pronounce: M-S-C).
(Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Nathalie Luciani: Magnetic aggregation of the stem cells initiates the chondrogenesis, as cell condensation is an early key step of the chondrogenic differentiation process. (take 3)
1.2. Nathalie Luciani: After the stem cells are confined into scaffolds, the scaffolds can be moved into a cellular bioreactor to assess the dynamic maturation of the cells.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Claire Wilhelm: Importantly, this method can also be applied to other biosystems, such as muscle, cardiac or vascular repair, but as you will see it is well suited for cartilage engineering. (take 3)
1.4. Aurore Van de Walle: Visual demonstration of the magnetic cell seeding and the dynamic cell maturation using a biaxial bioreactor is critical, because these two techniques are difficult to learn from text instruction only.  
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)

Protocol (read by voice talent at JoVE):

2. Magnetic Device Construction and Stem Cell Labeling
2.1. To construct a micromagnet device for aggregate formation, first insert a 750 micrometer diameter magnetic tip into each 3 cm hole in a 6 mm thick aluminum plate [1-WIDE] and place the plate over a permanent neodymium magnet [1-MED-TXT].
2.1.1. Few seconds Talent placing at least one tip into hole (slated 2.2.1)
2.1.2. Talent placing plate over magnet (TEXT: Magnet ensures magnetization to saturation)
2.2. To construct a device for scaffold seeding, first cut hard polystyrene into 2.4 cm2 squares [1-MED-over the shoulder] and insert nine 3 mm diameter, 6 mm long magnets at an equal distance over a 1.6 cm2 surface [2-CU].
2.2.1. BFew seconds Talent cutting polystyrene
2.2.2. Few seconds at least one magnet being inserted, with at least 1-2 already inserted magnets visible in frame
2.3. Then place the device over a permanent neodymium magnet [1-CU].
2.3.1. Device being placed over magnet
2.4. To label human MSC, first culture the stem cells in complete MSC growth medium[1-MED-TXT] at 37 °C and 5% CO2 until they are 90% confluent[2-MED].
2.4.1. Few seconds Talent adding cells to flask, with medium container visible in frame (TEXT: See text for all medium/reagent preparation details)(take 2)
2.4.2. Talent placing flask(s) into incubator

2.5. Aspirate and then rinse [1A-?] the cells with serum-free RPMI medium without glutamine [1B-CU] and add 10 mL of iron oxide nanoparticle solution per 150cm2 culture flask for a 30 minute incubation in the cell culture incubator [2-CU].

2.5.1. Aspiration only
2.5.1BFew seconds cells being rinsed, with medium container label visible in frame (take 4)
2.5.2. Few seconds iron oxide being added to flask, with iron oxide container label visible in frame

2.6. At the end of the incubation, rinse the cells for 5 minutes with serum-free RPMI medium without glutamine to internalize the nanoparticles still attached to the plasma membrane [1-MED].

2.6.1. Few seconds Talent rinsing flask, with medium container visible in frame

2.7. Then replace the RPMI in each flask with 25 mL of complete MSC growth medium [1-CU] and return the cells to the cell culture incubator overnight [2-MED].

2.7.1. Few seconds medium being added to flask, with MSC medium container label visible in frame
2.7.2. Talent placing flask(s) into incubator

3. Magnetic Cell Seeding

3.1. The next morning, detach the magnetic cells with 8 mL of 0.05% trypsin-EDTA per flask[1-WIDE-TXT] and collect the dissociated cells by centrifugation[2-MED-TXT].

3.1.1. Few seconds Talent adding trypsin-EDTA to flask, with trypsin-EDTA container and other flasks visible in frame (TEXT: Day 0)
3.1.2. Talent placing tube(s) into centrifuge (TEXT: 5 min, 260 × g, RT)

3.2. Resuspend the pellets for counting[1-CU] and place a glass bottom, 35 mm cell culture Petri dish on top of each magnetic device[2-MED].

3.2.1. Shot of pellet(s) if visible, then few seconds cells being resuspended
3.2.2. Talent placing at least one dish

3.3. To magnetically form the aggregates, add 3 mL of chondrogenic medium to each Petri dish [1-MED-over the shoulder-TXT] and gently deposit no more than 8 microliters of 2.5×105 labeled cells per aggregate [2-CU-TXT].

3.3.1. Few seconds Talent adding medium to at least one dish, with medium container visible in frame if possible (TEXT: All control aggregates formed w/o TGFbeta3)
3.3.2. Few seconds at least one aggregate being placed (TEXT: Deposit ≤16 aggregates) (take 2)

3.4. “It is critical that the cells are deposited neither too slowly nor too quickly and neither too close nor too far from the magnetic tip.” [1-MED-interview style]

3.4.1. Aurore Van de Walle, speaking the above interview style (looking just off-camera) (take 2)

3.5. When all of the aggregates have been placed, allow spheroids to form for 20-30 minutes without disturbance[1-CU]. Then transfer the aggregates to the cell culture incubator [2-MED].

3.5.1. Shot of all aggregates placed OR shot of timer being set to 20-30 min
3.5.2. Talent placing plate(s) into incubator 

3.6. On the same day, form aggregates by centrifuging 2.5×105 labeled stem cells in 15mL conical tubes with 1.5 mL of chondrogenic medium [1-MED].

3.6.1. Few seconds Talent adding cells to tube, with medium container visible in frame
3.6.2. Tube(s) being placed into centrifuge

3.7. To magnetically seed the scaffolds, place one dried, pullulan-dextran polysaccharide porous scaffold per Petri dish[1-CU] and dilute 2×106 labeled stem cells in 350 microliters of chondrogenic medium without TGFbeta3[2-MED].

3.7.1. Few seconds one scaffold being placed into dish
3.7.2. Few seconds Talent adding medium to cells, with medium container visible in frame

3.8. Carefully pipette the cells onto the scaffolds[1-ECU] and incubate the structures at 37 °C to allow full cell penetration[2-CU].

3.8.1. Few seconds cells being pipetted onto one scaffold
3.8.2. Plate(s) being placed into incubator

3.9. After 5 minutes, gently add 3 mL of chondrogenic medium to the Petri dish [1-MED] and return the scaffolds to the cell culture incubator for 4 days to allow the cells to migrate through the scaffold pores[2-CU].

3.9.1. Few seconds Talent adding medium to at least one dish, with medium container visible in frame (take 2)
3.9.2. Plate(s) being placed into incubator

3.10. On the same day, also seed another set of scaffolds with 2×106 labeled stem cells as demonstrated[1-MED-over the shoulder] and incubate the cells without the magnet to obtain uniformly-seeded scaffolds as positive controls[2-CU].

3.10.1.  Few seconds Talent seeding one scaffold
3.10.2. Plate being placed into incubator

4. ChondrocytesDifferentiation

4.1. For chondrogenesis into scaffolds, on day 5, remove the magnetic device from all of the scaffolds [1-WIDE] and return the static scaffolds to the cell culture incubator until day 25 [2-MED], changing the medium twice a week [3-ECU].

4.1.1. Few seconds Talent removing magnetic device
4.1.2. Talent placing static scaffolds into incubator
4.1.3. EXTRA ECU dynamic scaffold

4.2. For dynamic cell culture, also on day 5, cut silicone tubing to the appropriate length according to the manufacturer’s instructions [1-CU] and place the tubing, the500 mL culture chamber, the 2-way rotators, and the cages into a sterile microbiological safety station [2-MED-TXT].

4.2.1. Few seconds tubing being cut, with instruction manual visible in frame if possible
4.2.2. Few seconds Talent placing tubing into safety station, with culture chamber, 2-way rotators and cages already in station visible in frame as possible (TEXT: Autoclave-sterilize all materials prior to use)

4.3. Following the manufacturer’s instructions, connect the tubing to the 2-way rotators and the culture chamber[1-CU].Then use a sterile spatula to carefully transfer two cellularized scaffolds into each cage[1-CU].

4.3.1. Few seconds tubing being connected to rotators and/or culture chamber
4.3.2. Few seconds scaffold being placed into at least one cage

4.4. When all of scaffolds have been transferred, insert the cages through the needles of the lid to keep them from moving during the rotation [1-CU] and fill the culture chamber with chondrogenic medium [2-MED].

4.4.1. Few seconds cages being inserted through needles/lids (take 3)
4.4.2. Few seconds Talent filling chamber

4.5. “Use careful aseptic technique when preparing the chambers to avoid contamination of any of the tools or scaffolds.” [1-MED-interview style]

4.5.1. Aurore Van de Walle, speaking the above interview style (looking just off-camera)

4.6. Next, insert the cages into the chamber [1-MED] and then close the chamber [1B-MED] and turn on the peristaltic pump to fill the tubing with chondrogenic medium and eliminate air bubbles [2-CU].

4.6.1. Insert cages into chamber
4.6.1B Talent closing chamber
4.6.2. Few seconds tubing being filled with medium

4.7. Place and secure the filled chamber within the motor of the bioreactor [1-MED] and turn on the computer, which controls the rotations of the arm and the chamber [2-MED].

4.7.1. Few seconds Talent securing the chamber in the motor of the bioreactor
4.7.2. Talent turning on computer

4.8. Then apply a rotation speed of 5 rotations per minute to both the arm and the chamber [1-MED-over the shoulder] and adjust the peristaltic pump to a flow rate of 10 rotations per minute [2-CU-TXT] for continuous feeding of the cellularized scaffolds [3-?].

4.8.1. Few seconds Talent setting rotation speed
4.8.2. Few seconds pump flow rate being adjusted (TEXT: See text for d25 gene analysis details)
4.8.3.  EXTRA bioreactor running

4.9. To generate a scaffold-free 3D aggregate construct, on day 8, initiate the fusion by placing 2 aggregates in contact [1-MED] in chondrogenic medium to form 8 doublets [2-?]. 

4.9.1. Few seconds Talent placing aggregates in contact in one plate, with medium container visible in frame
4.9.2. EXTRA ECU 8 doublets

4.10. Then, on day 11, merge 2 doublets to form 4 quadruplets [1-CU] and form the final structure on day 15 by fusing the 4 quadruplets[2-ECU].

4.10.1. Few seconds 2 doublets being merged
4.10.2. Few seconds 4 quadruplets being merged (actually 2 doublet being merged)
5. Results: Representative Cartilage Regeneration Analyses

5.1. Tissues formed by magnetic fusion demonstrate a significant increase in collagen two expression compared to the pellets obtained by centrifugation[1-LM], with an increased trend of aggrecan expression[2-LM].

5.1.1. Authors: Please upload Figure 4A as its own .ai, .tif or .psd file without the A label or asterisk and bracket through the submission link: please add bracket and asterisk as in original Figure 4
5.1.2. Figure 4A: please indicate dark grey magnetic fusion column

5.2. For cellularized, static scaffolds, an increase in aggrecan and collagen two expressions are observed when magnetic seedingis used[1-LM] compared to the scaffolds seeded without magnetic forces[2-LM].

5.2.1. Authors: Please upload Figure 4B as its own .ai, .tif or .psd file without the B label or asterisks and brackets through the submission link: please indicate light grey static data bars in aggrecan and collagen II graphs
5.2.2. Figure 4B: please indicate dark grey static bars in both graphs 

5.3. Interestingly, the expression of both genes is much higher when magnetic seeding is combined with dynamic differentiation [1-LM].

5.3.1. Figure 4B: please indicate light grey data dynamic data bar in aggrecan graph and add asterisks and brackets in collagen II graph

5.4. Histological analyses using toluidine blue reveals that the sequential magnetic fusion of 16 aggregates exhibitsan abundant deposition of glycosaminoglycans[1-LM].

5.4.1. Fig.3.tif: no animation

5.5. Further, in magnetically-seeded scaffolds, the glycosaminoglycancontent is higher when the scaffolds are differentiated in a bioreactor [1-LM] than when they are cultured statically [2-LM].

5.5.1. Fig.5.tif: please add arrows as in original Figure 5C
5.5.2. Fig.4.tif: please add arrows as in original Figure 5B

6. Conclusion (said by authors on camera)
6.1. Aurore Van de Walle: Once mastered, the magnetic cell aggregation can be completed in 2 hours if it is performed properly.
6.2. Aurore Van de Walle: While attempting this procedure, it’s important to remember to resuspend the labeled cells in as small a volume as possible to facilitate theaggregate formation.
6.3. Aurore Van de Walle: Following the magnetic seeding of the scaffolds, the dynamic maturation using a biaxial bioreactor can be performed to improve the extracellular matrix expression of the neo-synthesized chondrocytes.
6.4. Aurore Van de Walle: With its development, this technique paved the way for researchers in the field of regenerative medicine to explore the regeneration of articular cartilage in humans.
6.5. Aurore Van de Walle: After watching this video, you should have a good understanding of how to construct magnetic devices, label stem cells, magnetically form stem cell aggregates, magnetically seed scaffolds, and use a biaxial bioreactor.
6.6. Aurore Van de Walle: Don't forget that working with human cells and tissue bioreactors can be extremely hazardous and that precautions should always be taken while performing this procedure such as wearing gloves, a lab coat and protective glasses.   


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.  

Expression of aggrecan and collagen II in scaffold-free aggregates 
Expression of aggrecan and collagen II in scaffolds
Fig.3.tif - Histological staining of glycosaminoglycans in scaffold-free aggregates
Fig.5.tif - Histological staining of glycosaminoglycans in static scaffolds
Fig.4.tif -Histological staining of glycosaminoglycans in dynamic scaffolds

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.
 2016, Journal of Visualized Experiments
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