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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____ (we can provide still images)
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_______Step 1.2-1.2.5/3.1-3.7/3.9/3.9.1___________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Changing the medium without losing the spheroids（Option1） OR Extracting spheroids from microwells (Option2). (Get intact spheroids without disturbing the structure of spheroids) 
For Option 1, while aspirating medium, make sure your tips follow the meniscus as the liquid goes down in the well and never put the tip too deep than the liquid surface.
When adding the fresh medium, remember to push the pipettor gently and keep the hold the tips against the wall to avoid disturbance of the spheroids in microwells.
For Option2, Pipetting up and down very gently to let the spheroids come out of the microwells and then tilt the plate to aspirate the medium-spheroids mixture. It is recommended to use wide orifice pipette tips for spheroids in bigger size to avoid breaking down the spheroids.   _________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:

The overall goal of the following experiment is to generate large numbers of uniform, size controlled tumor spheroids. (Intro)

This is achieved by first preparing the microwell plates to cluster the cells to be formed into spheroids. (P1)
Editors, as P1 is narrated, please sequentially bring in the two bottom left images and the corresponding arrow.

As a second step, a culture of the desired cell type is harvested, which provides the cell suspension that determines the size and composition of the spheroids. (P2)  
Editors, as P2 is narrated, please sequentially bring in the two top left images and the corresponding arrow, as well as the first center image and the two red arrows going toward it.

The cell suspension is then centrifuged into the microwells and incubated in order to allow spheroids to form. (P3)
Editors, as P3 is narrated, please bring in the 2nd center image and the corresponding arrow.

After incubation, the resulting spheroids are highly uniform, and may be collected or cultured in the microwells in which they were formed. (P4)
[bookmark: _GoBack]Editors, as P4 is narrated, please bring in the 3rd center image and the corresponding arrow and then transition to figure 2B+2C
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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. Golsa Razian:  The main advantage of this technique over existing methods is that very large numbers of uniform aggregates can be made simultaneously. 
1.1.1. MED:  Golsa speaks toward camera, interview style.  
1.2. Yang Yu:  Individuals new to this method may also find that their spheroids vary in size. It is important to ensure that the cell suspension is evenly distributed across the plate, and that the swinging plate carriers in the centrifuge move freely so that the force is perpendicular to the surface.
1.2.1. MED:  Yang speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):
2. Preparing microwells to receive cells
2.1. To begin, prepare a sterile AggreWell 400 plate by adding 0.5 mL of surfactant containing Rinsing Solution to each well.  Using surfactant ensures that the cells do not interact with the microwell surface.  
2.1.1. MED:  Talent removes a sterile AggreWell 400 plate from the packaging in a laminar flow cabinet.
2.1.2. CU:  AggreWell 400 plate as talent begins to pipette 0.5 mL of Rinsing Solution from a labeled container into the plate wells.
2.2. To avoid trapping air bubbles in the microwells, add liquid at one side and allow it to spread across the surface rather than dropping it vertically onto the surface.  After adding the solution to the wells, replace the lid.
2.2.1. ECU:  One of the microwells as talent adds liquid to one side and allows it to spread across the surface.
2.2.2. MED-over the shoulder:  Talent replaces the lid on the plate.
2.3. Ensure that the rotor is properly balanced before centrifuging the plates for two minutes at 2,000 x g to remove bubbles.
2.3.1. MED:  Talent places the plate into the balanced centrifuge and closes the lid.
2.4. Using a low-magnification inverted microscope, verify that the bubbles have been removed from the microwells.
2.4.1. LAB MEDIA:  2.4.1_low-mag-image – Authors, please provide this image.
2.5. Incubate the plate for at least thirty minutes with the lid on at room temperature, or overnight at 4°C.  
2.5.1. MED-over the shoulder:  Talent places the plate with lid into the refrigerator. 
2.6. Aspirate the rinsing solution from the wells and wash the plate with sterile water or PBS immediately prior to use.  Do not allow plates to dry out after coating.
2.6.0	MED aspirate the rinsing solution
2.6.1. CU:  Plate as talent washes with sterile water or PBS.
3. Preparing cells
3.1. Golsa:  The details of cell preparation will vary with the specific cell type being studied.  However we have observed these conditions to be effective with a broad range of cells, including the lines discussed here, as well as: human and murine embryonic stem cells, human induced pluripotent stem cells, fibroblasts, putative primitive endoderm, and stromal cells.  
3.1.1. MED:  Gosla looks up from workspace and speaks toward camera, interview style.
3.2. To prepare cells, start with a T75 flask of HT29 cells.  Aspirate growth medium from the flask, and add 3 mL of trypsin.  Incubate the cells for five minutes at 37oC.
3.2.1. MED-over the shoulder:  Talent removes a T75 flask of HT29 cells out of the incubator.  TEXT overlay:  cultured in DMEM + 10% FBS
3.2.2. CU:  Flask as talent aspirates the growth medium from the flask and pipettes 3 mL of trypsin in.
3.2.3. MED:  Talent places the flask into the 37oC incubator.
3.3. Stop the trypsin digestion by adding 3 mL of growth medium.  Transfer the remainder into a 15 mL centrifuge tube.  Then, from a 15 ml tube, take an aliquot for cell counting.
3.3.1. MED:  Talent pipettes 3 mL of growth medium into the flask from a labeled container.
3.3.2. CU:  Flask as talent takes an aliquot for cell counting and transfers the remainder into a 15 mL centrifuge tube. Talent transfers the content of the flask into a 15ml centrifuge tube.
3.3.3. CU: Talent takes an aliquot from centrifuge tube for cell counting.
3.4. Centrifuge the cells for five minutes at 200 x g.  While the centrifugation is in progress, count the cells.
3.4.1. MED-over the shoulder:  Talent places the tube into a balanced centrifuge.
3.4.2. MED:  Talent counts cells with cell counter.
3.5. Next, aspirate the trypsin / medium mixture and replace it with fresh growth medium at a volume determined by the required cell density, previously calculated as described in the text protocol.
3.5.1. CU:  Tube as talent aspirates the trypsin/medium mixture.
3.5.2. MED:  Talent replaces medium with fresh growth medium.
3.6. As an optional step, pass the cell suspension through a strainer in order to remove any clumps.
3.6.1. CU:  Strainer as talent passes the cell suspension through.
4. Spheroid formation
4.1. Spheroids may be generated in a variety of medium formulations; however initial trials should be carried out using the medium in which the cells were cultured to distinguish consequences of transitioning to a 3-dimensional culture system from consequences of changing medium composition. 
4.1.1. LAB MEDIA:  JoVE spheroids.png.  Editors, please sequentially bring in the “do not” sign as “consequences of changing medium composition” is narrated.
4.2. Begin by adding 0.4 mL of growth medium to each well.  Centrifuge for two minutes at 2,000 x g to remove bubbles.  Using a low-magnification inverted microscope, verify bubbles have been removed from the microwells.
4.2.1. MED:  Talent adds 0.4 mL of growth medium to each well. 
4.2.2. CU:  Plate as it is placed in the centrifuge.
4.2.3. MED:  Talent places the plates onto the microscope stage. 
4.3. Next, add 0.4 mL of cell suspension at the required density to the microwells.  Then, gently mix by pipetting up and down, without introducing air bubbles into the microwells.  Ensure that the cells are evenly distributed throughout the well to obtain consistent spheroids.
4.3.1. MED-over the shoulder:  Talent pipettes 0.4 mL of cell suspension to the microwells.
4.3.2. CU:  Microplate as talent gently pipettes up and down to mix the wells.
4.3.3. ECU:  Well as talent uses pipette tip to evenly distribute the cells throughout the well.
4.4. Centrifuge the plate for five minutes at 200 x g.  The plate must be balanced internally as well as against the other plate so that the weight is distributed evenly to both sides of the plate carrier.  This ensures that the plate self-levels during centrifugation so that convection currents do not arise and result in uneven distribution of cells across the microwells.  
4.4.1. MED:  Talent approaches the centrifuge with the plate.
4.4.2. CU:  Inside the centrifuge as talent places the internally balanced plate against another plate in the centrifuge.
4.5. Using an inverted microscope, verify that cells have clustered within the microwells, and that they are evenly distributed across the well before incubating the cells overnight at 37oC.
4.5.1. LAB MEDIA:  Figure 2A
4.6. Observe the process of spheroid formation using an inverted microscope.  Some cell lines will form compact spheroids within 24 hours; others may take longer.  The progression from cluster to aggregate in HT29 cells is shown here.
4.6.1. LAB MEDIA:  Figure 2B+C
4.7. Yang:  The most difficult part of this procedure to get intact spheroids without disturbing the spheroid structure.  
4.7.1. MED:  Yang looks up from workspace and speaks toward camera, interview style.
4.8. To extract spheroids from microwells, pipet up and down very gently to let the spheroids come out of the microwells.  Then tilt the plate to aspirate the medium-spheroids mixture.  Use wide orifice pipette tips for spheroids of larger size to avoid breaking down the spheroids.   
4.8.1. CU:  Plate as talent pipets up and down very gently to let the spheroids come out of the microwells.  Then, talent tilts the plate and aspirates the medium-spheroids mixture.  
4.9. After recovering the spheroids from the microwells, transfer to the suspension culture by gently jetting them out with a pipette.  
4.9.1. MED-over the shoulder:  Talent uses a pipette to transfer the spheroids from the microwells to the suspension culture by gently jetting them out with a pipette.  
4.10. Yang:  Alternatively, spheroids can be maintained in situ with medium replacement.  The duration depends on their initial size and growth rate, which define the time until they outgrow the microwells in which they were formed.
4.10.1. MED:  Yang looks up from workspace and speaks toward camera, interview style.
4.11. To replace the medium without losing spheroids, aspirate the medium at the edge of the well using a Pasteur pipette.  Slowly bring the tip down until it begins to draw liquid from the meniscus, and follow the meniscus down as it drops. 
4.11.1. CU:  Plate as talent aspirates the medium at the edge of the well using a Pasteur pipette.
4.11.2. ECU:  Well as talent slowly brings the tip down until it begins to draw liquid from the meniscus, following the meniscus down as it drops.
4.12. Then add fresh medium against the well wall in the same place.  
4.12.1. MED-over the shoulder:  Talent aspirates fresh medium into a pipette and motions to add the fresh medium to the microwell.
4.13. When adding the fresh medium, remember to push the pipettor gently and keep the tip against the wall to avoid disturbance of the spheroids in the microwells.  A few spheroids may be lost, however if medium is always aspirated and replaced in the same position, this number will remain small in comparison to the large numbers in the well.
4.13.1. CU:  Pipettor as talent pushes it gently, keeping the tip against the wall.  Continue action in next shot.
4.13.2. ECU:  Microwell as talent adds fresh medium against the well wall in the same place.
5. Results: Spheroid harvest
Authors, please indicate how to pronounce HT29, TE6 and LnCaP.
5.1. Spheroids from multiple tumor lines of differing anatomical origins may be readily extracted into suspension culture.  The consistent size control obtainable via this method is demonstrated here, with highly uniform spheroid populations under each condition, formed from seven hundred… or one thousand five hundred cells.
5.1.1. LAB MEDIA:  Figure 3.  Editors, please highlight the left column as “seven hundred” is narrated, and the right column as “one thousand five hundred” is narrated.
5.2. Clear inter-line differences in behavior are also visible, with HT29 colon cancer cells… and TE6 esophageal cancer cells, forming densely packed spheroids with sharply defined boundaries.  
5.2.1. LAB MEDIA:  Figure 3.  Editors, please highlight the top two panels as “HT29 colon cancer cells” is narrated.  Then highlight the middle 2 panels as “TE6 esophageal cancer cells” is narrated.  
5.3. Conversely, LNCaP (pronounced “lincap”) prostate cancer cells give rise to less coherent spheroids with irregular boundaries. 
5.3.1. LAB MEDIA:  Figure 3.  Editors, please highlight the bottom 2 panels as “LNCaP prostate cancer cells” is narrated.
5.4. The stronger internal forces in the more coherent aggregates also resulted in collapse to a more symmetrical form, even while still in the microwells in which they were formed.  
5.4.1. LAB MEDIA:  Figure 3.  Editors, please highlight the top 4 panels as narrated.  
5.5. However, the LNCaP aggregates, particularly at the larger size, visibly retain the square-pyramidal geometry of the microwells.  
5.5.1. LAB MEDIA:  Figure 3.  Editors, please highlight the bottom two panels as narrated.  



INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj



6. Conclusion (said by authors on camera)
6.1. Golsa Razian: Once mastered, this process can be carried out in about one hour, plus the incubation period required for the cells to adhere and form spheroids.
6.1.1. MED:  Gosla speaks toward camera, interview style.
6.2. Yang Yu: While attempting this procedure, it’s important to remember to ensure that bubbles are not trapped in the microwells before adding the cells.
6.2.1. MED:  Yang 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

2.4.1_low-mag-image – Authors, please provide this image

JoVE spheroids

Figure 2A – Authors, please provide a separate version of figure 2A (no labels)

Figure 2B+2C – Authors, please provide a separate version of figure 2B and C (no labels)

Figure 3 – Authors, please keep this figure the same for the video, however you should upload the version you sent me with the labels and legend for the text protocol.

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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