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Authors, please fill out the brief questionnaire below.   

A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) __N_____ 
B.   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 steps_2.2, 2.3, 3.4 and 4.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __________Isolation of cells from the human ACL is the most difficult aspect of this procedure. Proper digestion of the minced ACL tissue is necessary to ensure success.___________________

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 develop a tissue engineered anterior cruciate ligament, or ACL, patch for repair of partially torn ACL. (Intro)

This is accomplished by first obtaining the human ACL tissue from the patient and storing it in saline.    (P1).  Editors, please show the top left images labeled P1 from “Schematic figure.pptx” as this point is narrated.  To animate the image, please start with the left-most arthroscopic image with the torn ACL labeled.  Then bring in the labeled arrow and the tube with the ACL specimen in saline.

The obtained ACL specimen is minced and digested with collagenase to obtain ACL derived cells. (P2).  Editors, please show the middle left images labeled P2 from “Schematic figure.pptx” as this point is narrated.  To animate, begin with the image of the minced ACL tissue in saline.  Then bring in the labeled arrow and then show the image of the digesting tissue in the peach colored Petri dish.

The isolated cells are then cultured and expanded (P3).  Editors, please show the bottom left image labeled P3 from “Schematic figure.pptx” as this point is narrated.  Perhaps animate by starting with one cell and then popping in the other 2 to indicate expansion.

The next step is to fabricate a 2 dimensional poly lactic-co-glycolic acid scaffold.  As a final step, the cells are seeded onto this polymer film. (P4).  Editors, please show the top/middle right images labeled P4 from “Schematic figure.pptx” as this point is narrated.  First, sequentially bring in the images of the yellow polymer+solvent in the labeled containers, the labeled arrow and the image of the Petri-plate with Bytac paper and then the arrow and the scaffold.  For the last sentence, zoom into the final image of the scaffold and bring in the image of the cells and the arrow labeled “Seed.”  This image can come together to form the image labeled “cell seeded scaffold” in P5 at the end of this point.

Ultimately, scanning electron microscopy… and immunofluorescence microscopy are used to show biocompatibility on the scaffold surface (P5).  Editors, please show the top right panel of the SEM microscope image from figure 3 (I’ve asked the authors to upload this panel separately) as the first part of the sentence is narrated.  Then, adjacent to the SEM image, bring in the right-most panel of the immunofluorescence microscope image from figure 4 (I’ve asked the authors to upload this panel separately) as the second part of the sentence is narrated.
[bookmark: _GoBack]
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).   

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Ashim Gupta:  The implications of this technique extend toward treatment of partial ACL tears, because of inability of ACL to heal by itself.  
1.1.1. MED:  Ashim  Dr. El-Amin speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):
2. Tissue Digestion and hACL Isolation
2.1. To begin, transfer the human ACL tissue received from pathology to a Petri-dish with sterile saline and phosphate buffered saline, or PBS.
2.1.1. MED:  Talent transfers the human ACL tissue to a Petri-dish with sterile saline and PBS.
2.2. Mince the tissue using sterile scissors into 1 to 2 cubic millimeter pieces and wash the minced tissue with saline at least 3 times.  Digest the minced tissue with 0.4% Collagenase in complete supplemented Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12 medium for 4 to 6 hours at 370C. 
2.2.1. ECU:  Tissue as talent minces with sterile scissors into 1-2 cubic millimeter pieces.
2.2.2. CU:  Minced tissue in dish as talent washes with saline.
2.2.3.1 Added shot: CU: Digest the minced tissue with 0.4% Collagenase in complete supplemented Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12.
2.2.3. 2.2.3.2 Change step number: MED-over the shoulder:  Petri-dish as talent places the digesting tissue in a 370C incubator.  TEXT overlay:  see text for recipe
2.3. Centrifuge the cells at 1,000 x g for 5 minutes.  Resuspend the cells in medium before washing the cells with medium 2 to 3 times.  Then seed in T-25 flasks and culture for 2 to 3 days.
2.3.1. MED:  Talent places the cells into the centrifuge, shuts lid and turns on.
2.3.2. CU:  Cell pellet as talent resuspends in the medium.
2.3.3. MED or MED-over the shoulder:  Talent seeds the cells in T-25 flasks.  
3. Cellular Expansion, Freezing and Thawing
3.1. Use a light microscope to visualize the cells cultured for 2 to 3 days in a T-25 flask.
3.1.1. MED:  Talent places the cells in the flask under a light microscope and looks into the scope.
3.2. Maintain the cells at 370C in the supplemented DMEM medium.  Change the medium when cells show adherence and standard morphology as observed under a light microscope.
3.2.1. MED-over the shoulder/MED:  Multiple takes as talent leaves the cells in a 370C incubator.  Multiple takes, shot will be reused.
3.2.2. CU:  Flask of cells as talent changes out the medium.
3.2.3. Shot 3.2.1 – talent leaves the cells in the incubator.
3.3. At day 7, wash the confluent cells with PBS.  Add trypsin and incubate the cells at 370C for 5 minutes.  Then, add medium to the suspended cells to neutralize the trypsin before dividing the medium-cell mixture between three T-25 flasks.
3.3.1. MED-over the shoulder:  Talent washes the confluent cells with PBS.
3.3.2. MED:  Talent adds trypsin to the flask and sets a timer counting down from 5 minutes.
3.3.3. CU:  3, T-25 flasks as talent divides the medium-cell mixture.
3.4. Wash the confluent cells with PBS and add trypsin before resuspending them in freezing medium containing DMSO, fetal bovine serum, and the complete medium in a ratio of 1:2:7.  Store the cryogenic vials at minus 800C if the cells will be used within a month, or in liquid nitrogen if the cells will be stored for longer durations. 
3.4.1. MED:  Talent resuspends washed confluent cells in freezing medium from a labeled container.
3.4.2. CU:  Cryogenic vials as talent pipettes in the samples.
4. Fabrication of Tissue Engineered 2-D Poly lactic-co-glycolic acid (PLAGA) Scaffold
4.1. Dissolve 1g of poly lactic-co-glycolic acid, or PLAGA (spell out letters), in 12ml of dichloromethane in a 20ml scintillation vial… and vortex the solution for 8 hours at a constant speed of 800 rpm.  Transfer the dissolved solution to a glass Petri-dish lined with fluorinated protection paper. 
4.1.1. MED:  Talent dissolves 1g of PLAGA in 12ml of dichloromethane in a 20ml scintillation vial.
4.1.2. MED-over the shoulder:  Talent leaves the samples to vortex it at a constant speed.
4.1.3. CU:  Glass Petri-dish lined with fluorinated protection paper as talent transfers the sample there.
4.2. Then, place the Petri-dish under a vacuum hood for 30 minutes before leaving the Petri-dish at minus 200C overnight.  Leave the plate at room temperature to ensure evaporation of residual solvent and obtain thin films of the polymer.
4.2.1. MED-over the shoulder:  Talent places the Petri-dishes under a vacuum hood and starts a timer counting down from 30 min.
4.2.2. CU:  Sample as it is left in the lyophilizer.
4.3. Next, place the polymer films in a desiccator for 24 hours.  Cut the polymer films into 12mm diameter circular disks and store them in a desiccator until needed.
4.3.1. MED:  Talent places the polymer films in a desiccator.
4.3.2. CU:  Polymer films as they are cut into 12 mm diameter circular disks.
5. Scanning Electron Microscopy (SEM)
5.1. After seeding the cells onto the control tissue culture polystyrene, or TCPS, and the PLAGA scaffold at 50,000 cells per disk, wash the scaffolds with PBS 7 days subsequent to seeding. 
5.1.1. MED/MED-over the shoulder:  Multiple takes as talent washes the cells seeded on TCPS and the PLAGA scaffolds with PBS from a labeled container.  Shot will be reused 2X. 
5.2. Use 1.5% Glutaraldehyde in 0.1M Cacodylate buffer to fix the cells overnight.  Then add 2.5% Osmium tetroxide in 0.1M Cacodylate buffer for post-fixation for 1 hour. 
5.2.1. MED-over the shoulder:  Talent applies 1.5% Glutaraldehyde in 0.1M Cacodylate buffer to cells (use labeled containers).
5.2.2. CU:  Cell scaffolds as talent applies 2.5% Osmium tetroxide in 0.1M Cacodylate buffer (use labeled containers).
5.3. After washing the fixed cells with 0.1M Cacodylate buffer, dry the fixed cells using serial ethanol dehydration for 15 minutes each.  Further dry the cells in Hexamethyldisilazane overnight. 
5.3.1. MED:  Talent performs ethanol dehydration on cells.  Talent adds 50% ethanol to the cells from a labeled container.  Have other labeled containers in view.  TEXT overlay:  50%, 70%, 80%, 90% and 100% EtOH
5.3.2. CU:  Cells as talent adds Hexamethyldisilazane to them from a labeled container.
5.4. Vent the chamber of the SEM sputter coating system with the button valve and raise the top plate.  Place the dried samples in the chamber… and lower the top plate.  Switch the pump control knob to start evacuating the chamber.
5.4.1. MED:  Talent vents the chamber and raises the top plate.
5.4.2. CU:  Chamber as talent places the dried samples there and lowers the top plate.
5.4.3. MED-over the shoulder:  Talent switches the pump control knob and starts evacuating the chamber.
5.5. Open the argon leak valve and wait for the vacuum to drop to 0.05 mbar.  Coat the dried samples with a thin layer of Gold/Palladium using a coating machine.  Then, return the argon leak valve to its closed position.  Switch the control knob to off.
5.5.1. MED-over the shoulder:  Talent opens the argon leak valve and the vacuum pressure gauge drop to 0.05 mbar.
5.5.2. CU:  Coating machine with samples inside as talent coats them with a thin layer of Gold/Palladium. (Comment: the coating is done in the machine automatically. It cannot be filmed.)
5.5.3. MED:  Talent returns the argon leak valve to its closed position and switches the control knob to off.
5.6. Vent the chamber with the button valve and raise the top plate.  Remove the samples and store them in a desiccator for 24 hours.  Finally, observe the samples under a scanning electron microscope. 
5.6.1. MED-over the shoulder:  Talent vents the chamber with the button valve and raises the top plate.
5.6.2. CU:  Samples as they are placed into the desiccator.
5.6.3. MED or WIDE:  Talent sitting at the SEM observing the samples.
6. Immunofluorescence Staining 
6.1. For immunofluorescence staining, also begin by washing the cells seeded on the control TCPS and the PLAGA scaffold with PBS 7 days subsequent to seeding. 
6.1.1. Shot 5.1.1 – Talent washing the seeded scaffolds with PBS.  TEXT overlay:  50,000 cells/disk
6.2. Then, fix the cells using cold 70% ethanol for 10 minutes.  Incubate the fixed cells at room temperature with 1% Bovine Serum Albumin in PBS with 0.05% Triton X-100 for 20 minutes.
6.2.1. CU:  Cells as talent applies cold 70% ethanol to fix the cells.
6.2.2. MED-over the shoulder:  Talent adds 1% Bovine Serum Albumin in PBS with 0.05% Triton X-100 to the cells.  Use labeled containers.
6.3. Next, immerse the samples in 1% Tween at room temperature for 20 minutes.  Add monoclonal mouse Anti-β-actin antibody and incubate the cells overnight at 40C.
6.3.1. CU:  Samples as they are immersed in 1% Tween.
6.3.2. MED-over the shoulder:  Talent pipettes monoclonal mouse Anti-β-actin antibody to the cells.
6.4. The next day, wash the cells with 0.05% Tween.  Then, add the secondary antibody to the cells and incubate for 1 hour at room temperature.  
6.4.1. MED:  Talent washes the cells with 0.05% Tween.
6.4.2. CU:  Cells as talent adds the secondary antibody and starts an adjacent timer counting down from 1 hour.  TEXT overlay:  see text for details
6.5. After washing the cells with the PBS, stain the cells with nuclear stain… and mount using 80% Glycerol.  Finally, observe the cells under a confocal microscope. 
6.5.1. MED-over the shoulder:  Talent stains the cells with nuclear stain.
6.5.2. CU:  Sample as talent mounts using 80% Glycerol.
6.5.3. MED:  Talent observes the cells under a confocal microscope.
7. Results: Cellular Adhesion and Morphology Confirm Biocompatibility on Scaffold Surface    
7.1. Human ACL derived cells were cultured and visualized under a light microscope.  
7.1.1. Title Card
7.2. The spindle or elongated shaped cells were seen growing on the surface of T-25 flasks after 3 days of culture, and a confluent monolayer was obtained by day 7.  The presence of healthy, viable cells indicated the successful retrieval and culture of the cells.
7.2.1. LAB MEDIA:  Figure 2

	
7.3. Cellular attachment to the surface of poly lactic-co-glycolic acid scaffolds… and the control tissue culture polystyrene… was determined qualitatively via SEM.  Adherence and proliferation of hACL derived cells can be visualized here on each polymer surface.  Cellular confluence was also observed.  
7.3.1. LAB MEDIA:  Figure 3.  Editors, please highlight the top row as “poly lactic-co-glycolic acid scaffolds” is narrated and the bottom row as “the control tissue culture polystyrene” is narrated.
7.4. Cellular morphology and adhesion analysis was determined via immunofluorescence staining.  Green β-actin staining demonstrates that hACL derived cells adhered to and proliferated upon the surface of both PLAGA… and TCPS, and display a normal, non-stressed appearance. 
7.4.1. LAB MEDIA:  Figure 4.  Editors, please highlight the PLAGA and TCPS labels as narrated.

8. Conclusion (said by authors on camera)
8.1. Ashim Gupta:  After watching this video, you should have a good understanding of how to develop a tissue engineered ACL patch for repair of partially torn ACL by isolating human ACL derived cells from ACL tissue, seeding them on the scaffold and determining biocompatibility on the scaffold surface using scanning electron microscopy and immunofluorescence staining. 
8.1.1. MED:  Ashim  Dr .El-Amin speaks toward 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.  

Insert your media filenames here.

Schematic Figure 

Figure 2

Figure 3

Figure 4

Figure 3_top_right_panel – Authors, please provide a separate figure of the SEM PLAGA 1000X image for the schematic

Figure 4_right_panel – Authors, please provide a separate figure of the immunofluorescence PLAGA image for the schematic



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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