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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) ______Yes – dissection scope__ 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______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__________step 1.3, step 3.1, 3.2, step 4.1, step 6.3, 6.4________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _____overall this is a simple and easy method, the key is to make the quality agarose-coated plates and grow uniform shape and size of 3D spheroids before drug treatments___

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
Video editor: graphics are in ‘4218_Conceptual schematic overview (LL edited).pptx’
The overall goal of the following experiment is to develop an easy and simple method to produce uniform three-dimensional neuroendocrine tumor spheroids and a simple method to process the HistoGel embedding for studying the histology of these spheroids. (Intro)
This is achieved by evenly-coating 24-well plates with agarose (P1, can you pipette a clear solution from a bottle into the wells?) on which human neuroendocrine tumor cells in a single suspension are seeded (P2, make a test tube with pink fluid and have a pipette add the pink fluid to the wells).
The plate is incubated on an orbital shaker overnight at a speed lower than 40 RPM (P3, move the plate to a white platform, can you make the platform shake?), and then transferred to a stable shelf in the incubator (P4, move plate to a shelf in a box). 

Spheroids will form by day 3 or 4 and their growth and integrity are monitored by phase-contrast microscopy (P5).
In order to study their histology, the 3D spheroids are embedded in warmed Histo-Gel prior to routine paraffin processing (P6).
Results are obtained that show growth of neuroendocrine tumor 3D spheroids based on images taken during phase-contrast microscopy (Video editor: show ‘3D-movie.mov’). Histology of the 3D spheroids is analyzed by H and E and immunohistochemical staining of paraffin block sections of the 3D spheroids. (Video editor: show ‘Figure 4B.psd’ here)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Eugenia Xu: The main advantage of this technique over existing methods is that it’s simple, easy, reliable and cost-effective.   

1.2. Eugenia Xu: This method can facilitate research in the drug discovery field by helping to quickly identify potential therapeutic drugs for neuroendocrine or carcinoid tumor patients.  

1.3. Chung Wong: Generally, individuals new to this method will struggle to grow uniformly sized and shaped 3D spheroids. The key is to make evenly-coated 24-well plates with agarose and to make sure the human cancer cells to be plated are in a single-cell suspension.
1.4. Eugenia Xu: To understand the histology of the 3D spheroids, we need to perform paraffin processing of the 3D spheroids and then perform immunohistochemal staining. HistoGel embedding of the 3D spheroids is the key step, and will be demonstrated by Lei Cong.
1.4.1. Interview style: Eugenia saying the above 

1.4.2. Lei Cong looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Preparation of 1% agarose-coated 24-well plates
2.1. To prepare the 1% agarose for coating 24-well plates, add 1 g agarose to 100 ml of deionized water in a 250-500 ml bottle, and autoclave to sterilize the agarose.
Shots:
2.1.1. MED: Talent adding 1g agarose to bottle containing 100 ml DI water.

2.1.2. WIDE/MED: Talent putting bottle into autoclave machine (text: 121oC; 15 psi; 15 min).
2.2. After sterilization, transfer the bottle into a 70oC water bath for about an hour for the agarose to cool to 70oC.  The agarose must be kept sterile at all times. 
Shots:
2.2.1. MED: Talent putting autoclaved bottle into 70oC water bath (text: 70oC). 
2.3. In a biosafety cabinet, use a repeater pipette to dispense 200 l of agarose into each well of two 24-well flat-bottom plates. For this protocol, any kind of 24-well flat-bottom plates would work as long as the plates can be imaged under a phase-contrast microscope.
Shots:
2.3.1. MED/over the shoulder: talent using a repeater pipette to dispense 200 l of agarose into each well of a 24-well flat-bottom plate.
2.3.2. CU: Match action above: agarose being dispensed into wells.
2.4. Swirl the agarose around the well to make it cover the well evenly. 200 l of agarose is optimal for forming a concave surface to allow spheroids to form consistent spherical shapes.
Shots:
2.4.1. MED: Talent gently moving plate around to swirl agarose around the well. Talent may look at the bottom of the 24-well to make sure that no bubbles in each well.
2.5. After about 10 minutes, the agarose-coated 24-well plates are ready to be used. 
Shots:
2.5.1. CU: A shot of the plates that are ready for use. (Comment: Talent tilt the plates for filming only. Normally we would leave the plates flat in the hood)
3. Preparation of single cell suspensions
3.1. The BON-1 cells used in this experiment are human pancreatic neuroendocrine tumor or NET cells.  Maintain cells in DMEM/F12 with 10% FBS medium in a sterile tissue culture dish, in a 37oC humidified incubator with 5% CO2.
Shots:
3.1.1. MED: General shot of talent splitting cells in the hood – i.e., pipetting some cells into a new sterile tissue culture dish and then adding new medium. [Videographer: in this shot please include the bottle of media (clearly labeled ‘DMEM/F12; 10% FBS’)].
3.1.2. MED: Talent putting the dish into the incubator (text: 37oC; 5% CO2).
3.2. When monolayer BON-1 cells reach 70-80% confluency, single cell suspensions are prepared. In a biosafety cabinet, remove the medium and wash cells with PBS twice.  Dislodge cells from the dish by adding 1 ml TrypLE and incubating at 37 oC for 5 minutes.
Shots:
3.2.1. LAB MEDIA: 2D monolayer bon 10x.tif  
3.2.2. MED/over the shoulder: talent aspirating media and then adding PBS to dish.
3.2.3. CU: PBS being aspirated and new PBS added (text: Wash 2x with PBS).
3.2.4. CU: 1 ml TrypLE being added to dish (after PBS has been removed).
3.2.5. MED: Talent putting dish into incubator (text: 37oC for 5 min).
3.3. Check under the microscope to confirm that all cells are detached from the dish, and then add 9 ml growth medium to the trypsinized cells. Pipette cells up and down a few times to ensure an even single cell suspension.
Shots:
3.3.1. MED: talent checking cells under microscope.
3.3.2. CU: 9 ml medium being added to cells and cells being pipetted up and down.
3.4. Use a 70-m cell strainer to filter the cells.  Collect filtered cells.
Shots:
3.4.1. MED: Talent using 70-m cell strainer to filter the cells.
3.4.2. CU: Filtered cells being collected.
3.5. After performing a cell count, prepare a suspension of 5,000 cells per ml in phenol-free DMEM/F12 with 10% FBS growth medium. 
Shots:
3.5.1. MED: Talent preparing cell suspension.
3.5.2. CU: A shot of the cell suspension (text: Phenol-containing media used in video for filming purposes only). 
4. Spheroid culture
4.1. No voiceover because talent is speaking.

Shots:

4.1.1. Talent – interview style to camera: “The number of cells to be plated for spheroid culture should be determined empirically based on the size of the spheroids at day 6. A spheroid diameter of 300-400 m would be the ideal size for starting the drug treatment, in which case, 1,000 cells are plated. We don’t recommend starting drug treatments after day 6 because the viability of the 3D cells starts to drop at about day 10.”
4.2. To begin this procedure, overlay 200 l of the single cell suspension onto each agarose-coated well of the previously prepared 24-well plates. Seal the 24-well plates with sterile sealing tape to prevent evaporation.
Shots:
4.2.1. MED: Talent working in hood: pipetting 200 l of the single cell suspension onto each well of a 24-well plate.
4.2.2. CU: Match action above: 200 l of the single cell suspension being pipetted into each well of the 24-well plate.
4.2.3. CU: A 24-well plate being sealed with sterile sealing tape.
4.3. Place the agarose-coated 24-well plates containing BON-1 cells on an orbital shaker at a very slow agitation in a 37oC humidified incubator with 5% CO2 in air. Incubate overnight.
Shots:
4.3.1. MED: Talent putting the two plates on the orbital shaker in the incubator and then turning the shaker on (text: lower than 40 RPM; 37oC; 5% CO2; overnight).
4.4. On the following morning, move the plates to a stable platform and keep the cultures growing in the incubator.
Shots:
4.4.1. MED: Talent moving plates off the shaker and onto a shelf in the incubator.
4.5. Every 3 days, add 200 l of growth medium to each well of the plates. To avoid disturbing the spheroids, touch the pipette tip to the side of the well and let the medium flow down the wall into the well.
Shots:
4.5.1. MED/over the shoulder: talent adding 200 l of growth medium to each well of the plates.
4.5.2. CU/ECU: Pipette tip touching the side of a well and then the medium being dispensed to flow down the wall into the well.
4.6. Monitor spheroid formation in the 24-well plates under a microscope. 
Shots:
4.6.1. MED: Talent checking a 24-well plate under the microscope.
5. Drug treatment and monitoring of 3D spheroid cultures
5.1. Drug treatment of the 3D spheroids is initiated at day 6 of culture when spheroids are around 300-400 m in diameter. This is denoted as day 0 for drug treatment.
Shots:

5.1.1. LAB MEDIA: day 6 spheroids.tif   Image of day 6 spheroids in a well 
5.2. At day 6, each well of the plates contains about 400 l of medium. To make sure the drug treatments are at a 1x final concentration in each well, for each treatment dose, make three times the desired concentration. Dilute the appropriate amount of drug stock in 5 ml of growth medium in a 15-ml conical tube, which is enough for 8 replicates. 
Shots:
5.2.1. MED: Talent setting out the drug stock, the media and the 15-ml tubes to make the dilutions.
5.2.2. CU: One of the doses being prepared: drug stock being pipetted into a 15-ml tube and then 5 ml of media added.

5.2.3. CU: A shot of the five 15-ml conical tubes containing the treatment doses (clearly labeled).

5.3. The spheroids in each row of the 24-well plates are categorized as vehicle, dose 1, 2, 3, 4 and 5 (Video editor: please highlight the boxes in the table labeled ‘vehicle’, ‘dose 1’, ‘dose 2’, etc. as each is mentioned). There are 4 replicates for each dose of treatment on each 24-well plate (Video editor: please highlight the first column on the left: replicate 1,2,3,4). Usually 3D spheroids are treated in at least two 24-well plates, resulting in at least 8 replicates for each dose of treatment.
Shots:
5.3.1. LAB MEDIA: Table 1.docx

5.4. Before adding the treatment to each well, spin down the 24-well plates to make sure that all the condensation on the sealing tape goes into the well.
Shots:
5.4.1. MED: Talent putting the two 24-well plates into the centrifuge to spin (text: 800 RPM; 5 min; 4oC).

5.5. Due to the floating feature of the 3D spheroids, the medium in each well is not removed after centrifugation to avoid disturbance of the spheroids. Carefully add 200 l of each dose of treatment into the appropriate wells along the wall of each well.
Shots:
5.5.1. CU: The sealing tape being carefully removed from a plate (after centrifugation).

5.5.2. CU: 200 l of each dose of treatment being added into the appropriate wells along the wall of each well.

5.6. Seal the 24-well plates with sealing tape and incubate the cultures in the 37oC humidified incubator with 5% CO2 in air.
Shots:
5.6.1. CU: Sealing tape being placed on one of the plates.

5.6.2. MED: Talent putting the two plates into the incubator (text: 37oC; 5% CO2).
5.7. Monitor the 3D spheroid cultures at each chosen time point after drug treatment with a phase-contrast microscope. A 5x objective is ideal because the spheroids quickly outgrow the imaging field with a 10x objective.
Shots:

5.7.1. MED: Talent placing a plate on the stage of the phase-contrast microscope, selecting the 5x objective, and checking the cultures (text: Monitor cultures at 0 h, 24 h, 48 h,72 h).

5.8. Acquire images of the spheroids in each well at each time point.

Shots:

5.8.1. MED/over the shoulder: talent acquiring images.

6. HistoGel-embedding of the NET 3D spheroids
6.1. Prior to HistoGel-embedding, the NET 3D spheroids are collected from the 24-well plates and fixed in 10% formalin.
Shots:
6.1.1. MED: Talent setting out the fixed spheroids and getting ready for the HistoGel-embedding.
6.1.2. CU: A shot of the fixed spheroids (text: Spheroids fixed in 10% formalin).
6.2. Place a tube of cold HistoGel into a beaker filled with water. Heat the beaker in a microwave for 1 minute or until the gel is completely liquefied. Keep the tube in the same water-filled beaker for the duration of the procedure.
Shots:
6.2.1. CU: A tube of cold HistoGel being placed into a beaker filled with water.

6.2.2. MED: Talent putting beaker with HistoGel into the microwave and heating for 1 min.

6.2.3. CU: Beaker with HistoGel being set on the benchtop.

6.3. Using a disposable plastic Pasteur pipette, transfer all the spheroids into a biopsy cryomold. Let the spheroids sit for a minute to sink down to the bottom of the biopsy cryomold.
Shots:
6.3.1. MED: Talent working under dissecting scope, transferring spheroids into cryomold.
6.3.2. SCOPE: Spheroids being dispensed into cryomold.

6.3.3. SCOPE/ECU: Spheroids at the bottom of the cryomold (after 1 min).
6.4. Try to get rid of the liquid in the biopsy cryomold with Kimwipes.  Use the plastic Pasteur pipette to very gently push the spheroids to the center at the bottom of the biopsy cryomold.
Shots:
6.4.1. CU: Cryomold being wiped with Kimwipes.

6.4.2. SCOPE: Plastic Pasteur pipette gently pushing the spheroids to the center at the bottom of the biopsy cryomold.

6.5. Next, while using the Pasteur pipette to very gently maintain the spheroids at the center of the biopsy cryomold, add a thin layer of warmed HistoGel to the biopsy cryomold. Don’t add too much HistoGel, just enough for stabilizing the spheroids at the center. Let the spheroids and HistoGel sit for 1-2 minutes at room temperature or until the HistoGel is solidified.
Shots:
6.5.1. SCOPE: Pasteur pipette gently maintaining spheroids at the center of the biopsy cryomold.

6.5.2. SCOPE: Thin layer of HistoGel being added to the cryomold to stabilize the spheroids at the center. (Videographer: please get footage up to the point when the spheroids are stabilized at the center)
6.5.3. CU/ECU: A shot of the spheroids/HistoGel in the cryomold sitting at room temperature (text: Leave 1-2 min at room temperature).

6.6. Fill the rest of the biopsy cryomold with the warmed HistoGel and allow it to solidify at room temperature for about 10 minutes.
Shots:
6.6.1. CU: Rest of the biopsy cryomold being filled with the warmed HistoGel (text: Leave at room temperature; 10 min).

6.7. Just prior to popping the spheroids-HistoGel block out from the biopsy cryomold, leave the cryomold on ice for 1 minute.  Then pop out the intact spheroids-HistoGel block.
Shots:
6.7.1. MED: Talent putting the cryomold on ice for 1 min (text: 4oC; 1 min).

6.7.2. CU: intact spheroids-HistoGel block being popped out.

6.7.3. CU/ECU: A shot of the spheroids-HistoGel popped out block.

6.8. Wrap the block in a piece of Bio-wrap and put it into a tissue and biopsy cassette. Store the tissue and biopsy cassette in a container with 70% ethanol. Subsequently, routine tissue processing procedures for paraffin embedding are performed.
Shots:
6.8.1. CU: Block being wrapped in a piece of Bio-wrap and placed into a tissue and biopsy cassette.

6.8.2. MED: Talent putting the cassette into a container with 70% ethanol.

7. Results: culture of NET 3D spheroids and their response to drug treatment
7.1. When grown on agarose-coated 24-well plates, different NET cell lines show different morphologies.  As seen here, the human pancreatic NET cell line BON-1 and human lung NET cell line H727 form 3D spheroids (Video editor: please highlight BON-1 panel and H727 panel).  In contrast, QGP-1 human pancreatic NET cells show large grape-like porous masses, which are not regarded as spheroids (Video editor: please highlight QGP-1 panel).
Shots:
7.1.1. LAB MEDIA: Figure 1.psd
7.2. After seeding BON-1 cells on the agarose-coated 24-well plate, multicellular spheroids formation typically occurs by the 3rd or 4th day (Video editor: please draw attention to Day 3 and Day 4 panels) and the spheroids become rounder by the 6th day (Video editor: please draw attention to Day 6 panel). Due to the nutrient and oxygen limitation, cells in the dense core of the spheroids start to die around day 10, and by day 17 (Video editor: please draw attention to Day 10 panel followed by Day 17 panel) the spheroids begin to disintegrate due to the large size or in some cases the ejection of the necrotic core. The spheroids typically can grow up to 1,000 m in diameter.
Shots:
7.2.1. LAB MEDIA: Figure 2.psd
7.3. In this experiment, day six 3D spheroids were chosen as the start point for treatment with the histone-deacetylase inhibitor Trichostatin A or TSA. It has previously been reported that histone deacetylase inhibitors exert anti-proliferative and pro-apoptotic effects on NET cells. These images track the morphology of the 3D spheroids at the start of treatment and at 24, 48, 72 and 96 hours later (Video editor: please highlight the time points from 0H – 96H). ‘V’ indicates treatment with the vehicle, which is DMSO in this case.  D1 to D5 represent treatment with increasing doses of TSA.
Shots:
7.3.1. LAB MEDIA: Figure 3A.psd
7.4. The size of each individual spheroid was estimated automatically by a custom-developed MATLAB computer program. At least 8 spheroids were measured per dose of TSA treatment at each time point and the results are plotted in this graph.  Relative to the vehicle, all doses of TSA show some degree of growth inhibition on 3D spheroids. At TSA concentrations of 125 nM and 250 nM, growth of 3D spheroids was strongly suppressed (Video editor: highlight the purple and black lines on the graph).
Shots:

7.4.1. LAB MEDIA: Figure 3B-resubmitted.psd (uploaded on 3/26/12)
7.5. To understand the histology of the NET 3D spheroids, H & E staining and immunohistochemical staining were performed on 3D spheroids that had been cultured for 17 days. Ki-67 is a marker for proliferating cells while cleaved caspase-3 is a marker for apoptotic cells. The results indicate that the outer layer cells of the 3D spheroid are actively proliferating but the cells within the core are mostly necrotic or apoptotic.
Shots:
7.5.1. LAB MEDIA: Figure4B.psd 
8. Conclusion (said by authors on camera)
8.1. Chung Wong: Following this procedure, other methods like the Cell titer Glo assay can be performed in order to answer additional questions like cell viability of these 3D spheroids.

8.2. Eugenia Xu: After its development, this technique can be extended to 96-well plates to perform high-throughput screens, which will facilitate therapeutic drug discovery for researchers in the field of neuroendocrine or carcinoid tumors.

Provided Media
. 
1A. ‘4218_Conceptual schematic overview (LL edited).pptx’, ‘3D-movie.mov’, ‘Figure 4B.psd’ 
3.2. 2D monolayer bon 10x.tif : image of monolayer BON-1 cells at 80-90% confluency

5.1. Image of day 6 spheroids in a well as seen under scope (to be provided by author).  Or can also use Day 6 spheroids image from Figure 2.
5.3. Table 1.docx
7.1. Figure 1.psd

7.2. Figure 2.psd

7.3. Figure 3A.psd

7.4. Figure 3B-resubmitted.psd (uploaded on 3/26/12)
7.5. Figure 4B.psd
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.
( 2011, Journal of Visualized Experiments


