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A.  Will you require JoVE to record 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. _2.2, 3.1, 3.5, 4.6, 4.7, 5.2 ______

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.__2.2, 4.6, 4.7____________
E.  Will the filming need to take place in multiple locations? (Y/N) __Y____ If yes, how far apart are the locations? ___Same hallway, different room___________________________________

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 perform a 3D biomimetic hydrogel culture to expand articular chondrocytes and generate human articular cartilage. (Intro)
This is accomplished by first dissecting the femoral condyles obtained from total knee arthroplasty, removing cartilage tissue from the subchondral bone, and isolating chondrocytes from the extracellular matrix by enzymatic dissociation. (P1: Start by showing the left image of the knee joint from P1.  Then, with the word “dissecting” show the middle image of the top part of the knee and start with the two pieces of cartilage attached to the femoral heads of the knee.  With the word “removing”, pull off the two pieces from the top part of the knee and place them into a dish.  With the words “enzymatic dissociation” have the pieces of cartilage dissolve into cells in the plate like the ones shown in P3.)
The second step is to synthesize chondroitin sulfate-methacrylate polymer for the fabrication of a biomimetic hydrogel. (P2: Start with 1 of each, then add multiple copies of both of the polymers shown in P2 to the screen labeled as shown.)
Next, the chondrocytes are encapsulated in the 3D biomimetic hydrogels and the constructs are cultured for 3 to 6 weeks in vitro. (P3: Mix the two groups of polymers and add a bunch of cells like the ones shown in P3.  Once mixed, drop the group into one of the wells of the plate as indicated in P3.  Then, with the word “constructs, pull out the scaffold show in P4 from the mold and place it into a petri dish as shown in P4.) 
Ultimately, results can be obtained that show growth and maturation of articular chondrocytes using both biochemical and mechanical testing. (P4: Show graphs as indicated in P5.)
Authors submitted “schematic overview (1).ai” to the server.  The steps P1-P5 referenced above are from that group of images. 
B.  Interview: (Said by you on camera. Don’t forget to smile!)    
1.1. Nidhi Bhutani: The main advantage of the 3D biomimetic hydrogel platform for culturing chondrocytes is that it provides a physiologically relevant microenvironment by incorporating components of native cartilage. This allows chondrocytes to maintain their phenotype and morphology over a longer time period. 
1.2. Piera Smeriglio: The inclusion of a bioactive polymer, chondroitin sulfate, in the 3D biomimetic hydrogel, enables chondrocyte-mediated matrix degradation and turnover. In addition, the mechanical and biochemical properties of the hydrogel matrix can be easily modified.

1.3. Janice Lai: This technique is compatible with conventional assays for evaluating cell phenotype and functional outcome. It can be applied to study intrinsic chondrocyte features associated with age and disease stage, and evaluate cell maturation and regenerative potential in the physiological context.
Protocol (read by voice talent at JoVE):  
2. Articular Chondrocyte Isolation 

2.1. To begin, prepare disassociation medium by combining 1 part collagenase 2 at 125 units/ml with 1 part collagenase 4 at 160 units/ml in chondrocyte growth medium. [2.1.1 - CU]
2.1.1. *Film as written

2.2. Using fresh cartilage tissue that is typically discarded during a total knee arthroplasty, [2.2.1 - MED] take a sterile scalpel and remove a biopsy from the smooth surface of one of the femoral condyles.  [2.2.2 - CU] Then, shave the biopsy into thin slices. [2.2.3 - CU]
2.2.1. Talent places knee joint into hood.

2.2.2. Talent removes parts described above and places them into a petri dish.

2.2.3. *Film as written
2.3. Add the cartilage slices to the combined disassociation medium in a 1 to 3 ratio by volume [2.3.1 - CU] and place the dish at 37°C overnight to release the chondrocytes from the extracellular matrix.  [2.3.2 - MED]
2.3.1. *Film as written
2.3.2. *Film as written
2.4. The following day, filter the digested tissue containing the dissociated cells through a 70 μm pore size Nylon mesh. [2.4.1 - MED/CU] Then, wash the cells twice with 20 ml of prewarmed DMEM-F12 medium [2.4.2 - CU] and pellet the cells at 600 g for 5 minutes. [2.4.3 - MED]
2.4.1. *Film as written
2.4.2. *Film as written
2.4.3. Talent places vial into centrifuge, closes lid and starts running the centrifuge with the described conditions.
2.5. Next, count the isolated chondrocytes on a hemocytometer. [2.5.1 - MED] Plate 1 million cells onto a 60 mm culture dish and cover with supplemented DMEM/F12 medium. [2.5.2 - CU - TXT] Maintain the primary chondrocyte cultures as a high-density monolayer by following standard culture techniques. [2.5.3 - MED]
2.5.1. Talent looks through microscope at hemocytometer.
2.5.2. *Film as written (TEXT: 10% FBS, 25[image: image1.png]


μg/mL ascorbate, 2[image: image2.png]


mM L-glutamine, 100[image: image3.png]


U/mL penicillin, 100[image: image4.png]


μg/mL streptomycin, and 0.25[image: image5.png]


μg/mL fungizone.)

2.5.3. Talent opens incubator door, places plate inside, and closes the door.
3. Biomimetic Hydrogel Fabrication 

3.1. Synthesize chondroitin sulfate-methacrylate by adding 1.952 grams of 2-morpholinoethanesulfonic acid and 5.84 grams of sodium chloride in 200 mL of deionized water [3.1.1 - MED] and stir the solution until completely dissolved. [3.1.2 - CU]
3.1.1. *Film as written
3.1.2. *Film as written
3.2. Next, dissolve 5 grams of chondroitin sulfate sodium salt into the buffered solution. [3.2.1 - CU]
3.2.1. *Film as written
3.3. Then, add 0.532 grams of N-hydroxysuccinimide and 1.771 grams of 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride to the solution and stir for 5 minutes. [3.3.1 - MED-TXT]
3.3.1. *Film as written (TEXT: Molar ratio of NHS:EDC = 1:2)
3.4. Once dissolved, add 0.765 grams of 2-aminoethyl methacrylate to the solution and maintain the reaction at room temperature for 24 hours covered with aluminum foil. [3.4.1 -CU - TXT]
3.4.1. *Film as written (TEXT: Molar ratio of NHS:EDC:AEMA = 1:2:1)
3.5. Purify the final mixture by dialysis against deionized water for 4 days using 12 to 14 kDa molecular weight cut off dialysis tubing. [3.5.1 - MED]
3.5.1. Talent loads sample in dialysis tubing and places in water bath.
3.6. Then, filter the purified solution through a 0.22 micron filter and freeze at -20°C.  [3.6.1 - CU] Place the open tubes containing the solution in a desiccator, protect them from light by covering with aluminum foil, and apply a vacuum overnight. [3.6.2 - MED] Store the dissolved polymer at -20 °C in falcon tubes wrapped with Parafilm and foil to protect from light and moisture.  [3.6.3 - MED]
3.6.1. *Film as written
3.6.2. Talent places tubes in desiccator, wraps the vial in foil, and turns on vacuum.

3.6.3. Talent wraps the lid of the tubes tube with Parafilm and foil, then carries tubes to freezer.
4. Cell encapsulation
4.1. The day prior to cell encapsulation, remove the media from cultured chondrocytes and cover the cells with disassociation medium. [4.1.1 - MED] Incubate the cells in the collagenase solution overnight at 37°C.  [4.1.2 - MED]
4.1.1. Talent aspirates the media from a plate and adds collagenase solution from a well labeled bottle.

4.1.2. Talent places plate of cells in the incubator.

4.2. Autoclave PCR film and cylindrical rods [4.2.1 - MED] and then sterilize the custom-made cylindrical gel mold by submersing it in 0.2 µm filtered 70% ethanol placed within a tissue culture hood under UV light overnight.  [4.2.2 - MED]
4.2.1. Talent places items into autoclave and secures the door.
4.2.2. *Film as written
4.3. The following day, remove the molds from the ethanol, and allow them to dry within the tissue culture hood.  [4.3.1 - MED] Once dry, seal the bottom of the molds using autoclaved PCR film. Avoid any air bubbles or gaps in order to prevent leaks. [4.3.2 - CU] Then, place the mold into a sterile 150 mm plate.  [4.3.3 - CU]
4.3.1. *Film as written

4.3.2. *Film as written
4.3.3. [combined with 4.3.2] *Film as written
4.4. Next, take a 50 ml tube and add  10% of the prepared chondroitin sulfate-methacrylate, 10% poly-ethylene glycol diacrylate, and  5% w/v photoinitiator in DPBS to a final concentration of 3%, 5%, 0.05% respectively. Protect the tube from light and briefly vortex the mixture. [4.4.1 - MED - TXT]
4.4.1. *Film as written  (TEXT: PEGDA, MW=5000 g/mole)
4.5. Collect the dissociated cells in a 50 ml falcon tube and then count them using a hemocytometer. [4.5.1 - CU] Pellet the cells at 460 x g for 5 minutes and resuspend them in the mixed gel material at a density of 15 million cells/ml. [4.5.2 - CU] Mix the solution 30 times, taking care to avoid bubble formation. [4.5.3 - CU]
4.5.1. Talent pipettes cells from the tube into a hemocytometer.

4.5.2. Talent aspirates media from pelleted cells and then resuspends them in fresh gel material.

4.5.3. *Film as written
4.6. Next, pipette 72 microliters of the cell-hydrogel suspension or hydrogel alone into the custom-made cylindrical gel mold. [4.6.1 - CU] Induce gelation by exposing the gels to 365 nm UV light at 3 mW/m2 for 5 minutes.    [4.6.2 - MED/CU]
4.6.1. *Film as written
4.6.2. *Film as written
4.7. Once gelled, use a scalpel to cut the film and carefully remove it. [4.7.1 - CU] With the help of the cylindrical rods, push out the gel into a 6 well plate with 5 ml of sterile DPBS to wash away any remaining unpolymerized gel and loose cells. [4.7.2 - CU]
4.7.1. *Film as written
4.7.2. *Film as written
4.8. Next, transfer the washed hydrogels into wells of a 24 well plate containing 1.5 ml of chondrocyte growth media in each well.  [4.8.1 - CU] Incubate the hydrogels at 37°C and change the media every 2 days. [4.8.2 - MED]
4.8.1. *Film as written
4.8.2. Talent changes the media on the scaffolds.
4.9. Assess cell viability by live dead staining 24 hours post-encapsulation using standard techniques. [4.9.1 - MED] Culture the cell-laden hydrogels and the empty hydrogels for 3-6 weeks before harvesting and analysis. [4.9.2 - MED]
4.9.1. Talent adds stain to the wells of the plate.

4.9.2. Talent places cells into incubator.

5. Mechanical testing

5.1. After the desired number of days of in vitro culture, remove the samples from the incubator [5.1.1 - MED to perform the compression test on the cell-hydrogel scaffold and the acellular control hydrogels. [5.1.2 - MED]
5.1.1. Talent removes scaffolds from incubator.

5.1.2. Talent sets scaffolds next to mechanical tester.

5.2. Place the samples one at a time at room temperature onto the PBS bath attached to a mechanical testing system fit with a 10 Newton load cell. [5.2.1 - CU]
5.2.1. Talent centers scaffold on the compression plate.

5.3. [5.3.1 - CU] Compress at a rate of 1% strain/sec to a maximum strain of 15%.[5.3.2 MED Over the shoulder] Add text 
5.3.1. Talent lowers sample into PBS bath. the compressive platen to contact the top surface of the specimen
5.3.2. Talent runs test.
5.4. To analyze the mechanical tests, create stress vs. strain curves for each sample and curve fit using a third order polynomial equation.  Determine the compressive tangent modulus from the curve fit equation at strain values of 15%. [5.4.1 - MED Over the Shoulder] Lab media, screen capture video to be added
5.4.1. Talent loads data into analysis program and displays graphs.
6. Results: Bioactive Hydrogels Support Growth and maturation of Human Articular Chondrocytes
6.1. After 3 weeks of culture in 3D biomimetic hydrogels, the gene expression analyses of normal chondrocytes, both juvenile and adult, showed an increase in the expression of the chondrocyte genes Col2a1 (pronounced: collagen two-a-one) and Col6a1 (pronounced: collagen six-a-one). [6.1.1 - LM]
6.1.1. Figure 2 (Video Editor: Highlight the 4 (3 week) Juvenile and Adult bars when mentioned, then highlight the Col2a1 graph and Col6a1 graphs when mentioned.)
6.2. On the contrary, diseased chondrocytes showed a dramatic decrease in Col2a1 while maintaining the expression of Col6a1, showing a loss of chondrogenic phenotype despite being cultured in a favorable biomimetic environment. [6.2.1 - LM]
6.2.1. Figure 2 (Video Editor: Highlight the Old/OA bars on the left graph with mention of “dramatic decrease in Col2a1” and the Old/OA bars on the right graph with mention of “maintaining the expression of Col6a1”)
6.3. Chondrocyte expansion after 3 weeks of culture can be estimated by quantification of DNA with the Picogreen dye. Comparative analysis of the three groups of cells show that the cell density of juvenile and adult populations was unchanged, while osteoarthritic chondrocytes exhibited a dramatic decrease compared to day 1 of culture. [6.3.1 - LM]
6.3.1. Figure 3 (Video Editors: Highlight the left 2 graphs with “cell density of juvenile and adult populations was unchanged” and the right graph with “osteoarthritic chondrocytes exhibited a dramatic decrease compared to day 1 of culture”.)
6.4. The secreted chondrocyte matrix was quantified as sulfated-GAG content after 3 weeks of culture.   As shown here, the chondrocytes deposited a significant amount of GAG during 3 weeks of culture [6.4.1 - LM] which may have contributed to the improved mechanical properties of cell-laden hydrogels compared to controls. [6.4.2 - LM]
6.4.1. Figure 4a (Video Editors: Highlight the Y-axis with the first sentence.  With the first part of the second sentence highlight the Week 3 bar. )

6.4.2. Figure 4a-b (Video Editors: Add part B to the screen.)  
7. Conclusion (said by authors on camera) 
7.1. Janice Lai: Besides applying this procedure for in vitro studies as described here, the 3D biomimetic hydrogel culture model can be easily translated to a full-thickness cartilage defect model to characterize the biochemical and functional outcome in long-term articular cartilage regeneration.
7.2. Piera Smeriglio: After watching this video, you should have a good understanding of how to isolate human articular chondrocytes from tissue specimen and produce 3D hydrogel scaffolds for articular chondrocyte culture and cartilage generation.  
7.3. Nidhi Bhutani: Utilization of the 3D biomimetic hydrogels will allow us and other researchers to compare the chondrogenic potential of different population of mature chondrocytes as well as progenitor cell population. In future, these techniques can also be extended to include additional biomimetic components to formulate an optimal scaffold for cartilage regeneration and repair.
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.
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