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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? YES, an inverted microscope
Can you record movies/images using your own microscope camera?
  – YES 

Authors: Please record all the SCOPE shots using your microscope camera and upload them to your project page: https://review.jove.com/account/file-uploader?src=19692068 

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?   YES
We will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Please upload all screen captured video files to your project page as soon as possible. 

3. Filming location: Will the filming need to take place in multiple locations?   YES

How far apart are the locations? 2 rooms are in the same floor ,~30 meter apart.One room is in another floor. There is a close elevator.




Current Protocol Length

Number of Steps:  22
Number of Shots:  51 

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

REQUIRED: 
1.1. Neta Moskovitz: Our protocol is significant because it describes the generation of 3D tumor culture models from primary cancer cells, and these models represent real-world tumor biology better than cell lines.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.5.2.

1.2. Neta Moskovitz: This approach is applicable to a variety of solid tumors. It is also cost-effective, as it can be performed from beginning to end in a typical cell biology lab. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: LAB MEDIA: Figure 4.


OPTIONAL: 
1.3. Neta Moskovitz: The 3D tumor models generated using this approach support research on the sensitivity and resistance of tumors to anti-cancer therapies or a combination of therapies.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: LAB MEDIA: Figure 5.

1.4. Neta Moskovitz: This approach generates 3D models from primary cancer cells. Therefore, it could identify which therapy is likely to be effective for a certain patient, and thus help personalize his/her treatment.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator on Camera

1.5. Neta Moskovits: Demonstrating the procedure will be Ella Itzhaki, a Ph.D student from my laboratory.
1.5.1. INTERVIEW: Author saying the above. 
1.5.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.


Ethics Title Card
1.6. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at the Rabin Medical Center.

Protocol
2. Generation and Collection of Spheroids
2.1. To begin, take a small T25 (T-twenty-five) flask with a single-cell adherent primary cell culture and remove the cell culture media [1]. Wash the cells with PBS [2] and add 1 milliliter of 1x (one-X) Accutase for 3 minutes at 37 degrees Celsius to prepare a single-cell suspension of adherent primary tumor cell cultures of 75 to 100% confluence [3-TXT].

2.1.1. Talent removing the cell culture media from the T25 flask.
2.1.2. Talent washing the cells with PBS.
2.1.3. Talent adding Accutase to the flask 
2.1.4. and -Talent placing it in an incubator. TXT: 1x Accutase is used as a cell detachment solution	Comment by Neta Moskovits: We  cut this step into two :2.1.3+2.1.4
2.1.5. SCREEN: cells in flask 	Comment by Neta Moskovits: This shot can go before 2.1.1- to show the cells (density) before removal with accutase
2.2. Neutralize the Accutase solution by adding 5 milliliters of cell culture medium [1-TXT], aspirate the cells with a 10-milliliter serological pipette [2], and deposit them in a 15-milliliter conical tube [3]. Centrifuge the tube at 800 g for 5 minutes at room temperature [4].
2.2.1. Talent adding the cell culture medium. TXT: See the text for the details of the cell culture medium
2.2.2. Talent aspirating the cells with a 10-milliliter serological pipette.
Talent depositing the cells in a 15 ml conical tube.
2.2.3. Talent placing the tube in a centrifuge.
2.3. Remove the cell culture medium [1], add 5 8 milliliters of fresh cell culture medium on top of the cell pellet, and mix gently [2]. To count the viable cells with a hemocytometer, take an aliquot of 50 microliters of the cell suspension, and mix it with 50 microliters of trypan blue [3]. 
2.3.1. Talent removing the cell culture medium.
2.3.2. Talent adding cell culture medium on top of the cell pellet and mixing it.
2.3.3. Talent mixing the aliquot of the cell suspension with trypan blue, and put the cells on the hematocytometer..
Videographer: Please film the screen for all SCREEN shots as a backup.
2.4. Then, count the live cells [1-TXT], and calculate the total number of live cells in the suspension [2]. 
2.4.1. Talent looking through the microscope
2.4.2. SCOPE: The live cells. TXT: The live cells are negative for blue color
2.4.3. [bookmark: _Hlk121015150]SCREEN: To be provided by authors: The total number of live cells in the suspension being calculated. 
Authors: Please record screen capture videos for all SCREEN shots and upload them to your project page: https://review.jove.com/account/file-uploader?src=19692068

2.5. Next, prepare a “3D culture medium” [1-TXT], and after calculating the number of cells needed for the assay and the total volume required, prepare a cell suspension with the desired number of cells in 200 microliters of the “3D culture medium” [2-TXT]. Mix gently with the pipette to ensure a homogenous distribution [3].
2.5.1. The 3D culture medium. TXT: 3D culture medium: A cell culture medium supplemented with 5% basement membrane matrix
2.5.2. Talent preparing a cell suspension with the cells in the 3D culture medium, and pipetting the solution. TXT: Each well must contain 2,000–8,000 cells in 200 L of medium
2.5.3. Talent pipetting the solution.	Comment by Neta Moskovits: We combine these two steps in the same shot
2.6. Transfer the suspension to a pipetting reservoir and add 200 microliters of the cell suspension to each well of an ultra-low attachment 96-well plate with a multichannel pipette [1-TXT].
2.6.1. Talent adding the cell suspension to the well of an ultra-low attachment 96-well plate with a multichannel pipette. TXT: Before each collection of the cells, mix the suspension well
2.7. [bookmark: _Hlk117001569]Centrifuge the plate at 300 g for 10 minutes at room temperature to enforce the clustering of the cells, thereby improving the cell aggregation [1], and incubate the plate at 37 degrees Celsius in a 5% carbon-di-oxide humidified incubator [2-TXT]. 
2.7.1. Talent placing the plate in a centrifuge.
2.7.2. Talent placing the plate in an incubator. TXT: Refresh the 3D culture medium every 2-3 days
2.8. After centrifuging again at 300 g for 10 minutes at room temperature, gently remove and discard 50% of the medium [1], and add 100 microliters of fresh “3D culture medium” to replace the existing solution. Repeat this step [2], and place the plate back in the 37 degrees Celsius and 5% carbon-di-oxide humidified incubator [3]. Videographer: This step is important!
2.8.1. Talent taking out and discarding 50% of the medium.
2.8.2. Talent adding “3D culture medium” to replace the existing solution.
2.8.3. Talent placing the plate in an incubator.	Comment by Neta Moskovits: Please use shot "3.6.1" also here 
2.9. Inspect the cells under a microscope every 1 to 2 days to monitor spheroid formation [1]. Measure the diameter of the spheroids formed using the “scale” tool in the imaging software, and once the spheroid diameter reaches 100 to 200 micrometers, perform the drug efficacy experiments [2]. Videographer: This step is important!
2.9.1. Talent placing the cells under the microscope and looking through the microscope.
2.9.2. [bookmark: _Hlk121015271]SCREEN: To be provided by authors: The diameter of the spheroids being measured.	Comment by Neta Moskovits: Screen shot 
"2.9.2_x4 day5"
and also "2.9.2_x4 day5 with diameter measur"	Comment by Debopriya Sadhukhan: Authors: Please note that the corresponding video of the calculation can not be more than 10-15 seconds long. If you send us a relatively longer video, and in the final video, you want us to use a specific timestamp from that video, or if you want us to speed up the video, we can do that.
2.10. For spheroid collection, use a 1,000-microliter pipette to collect the spheroids from each well [1], and deposit them into a 15-milliliter conical tube [2]. Centrifuge the conical tube at 300 g for 5 minutes at room temperature [3], and carefully aspirate and discard the supernatant using a pipette [4]. Videographer: This step is important!
2.10.1. Talent collecting the spheroids from wells with a 1,000-microliter pipette, and depositing the spheroids into a 15-milliliter conical tube.
2.10.2. .
2.10.3. CU: spheroids in the tube
Talent depositing the spheroids into a 15-milliliter conical tube.-
2.10.4. Talent placing the tube in a centrifuge.
2.10.5. CU: on the pellet in the bottom of the tube
2.10.6. Talent aspirating and discarding the supernatant using a pipette.
2.11. Add 0.5 milliliters of the cell culture medium [1], and resuspend the pellet well but gently [2-TXT]. To perform spheroid counting, use a 96-well plate and draw a plus sign on the underside of a well to divide the well into quadrants [3-TXT]. Videographer: This step is important!
2.11.1. Talent adding the cell culture medium, and suspending the pellet.
2.11.2. Talent suspending the pellet. TXT: Avoid making bubbles	Comment by Neta Moskovits: There is no "2.11.2", cause it merged with 2.11.1
2.11.3. Talent drawing a plus sign on the underside of a well of the 96-well plate. TXT: Drawing the plus sign will help to track the counting
2.12. Add 50 microliters of the suspension to the well [1], and with a 10x (ten-X) objective lens, count the spheroids manually under the microscope [2]. Count the spheroids in each quadrant [3-TXT], and calculate the total number of spheroids in the well [4]. Videographer: This step is important!
2.12.1. Talent adding the suspension to the well.
2.12.2. SCOPE: Talent counting the spheroids, and Talent counting the spheroids in each quadrant.
2.12.3. SCOPE: Talent counting the spheroids in each quadrant. TXT: Do not double count	Comment by Neta Moskovits: There is no "2.12.3" cause it merged with "2.12.2"
2.12.4. SCOPE: Talent calculating the total number of spheroids in the well.
2.13. Then, calculate the spheroid concentration by doubling the spheroid count by counting volume, and calculate the total number of spheroids in the suspension [1-TXT].
2.13.1. [bookmark: _Hlk121015493]SCREEN: To be provided by authors: The total number of spheroids in the suspension being calculated. TXT: The total number of spheroids = Spheroid concentration × Total volume

3. Drug Efficacy Assay (MTT assay)
3.1. In a new tube, prepare a spheroid suspension at a concentration of 200 spheroids per 200 microliters of cell culture medium. For each drug treatment, prepare the stock of spheroids in a 15-milliliter tube [1-TXT]. 
3.1.1. The spheroid suspension in a 15-milliliter tube. TXT: See the text for the details
3.1.2. Talent divide spheroids suspension to different tubes for different treatments (placing 1ml of suspension in each tube)
3.2. Calculate the amount needed for each drug by the number of wells needed for repeats and add the drug to the tube to the final concentration needed [2-TXT].
3.2.1. Talent adding the drug to the tube. TXT: (5–8) × 200 L
3.3. Transfer 200 microliters of the spheroid suspension into the wells of an ultra-low attachment 96-well plate [1], and incubate the plate at 37 degrees Celsius in a 5% carbon-di-oxide humidified incubator [2]. Videographer: This step is important!
3.3.1. Talent transferring the spheroid suspension into the wells of an ultra-low attachment 96-well plate.
3.3.2. Talent placing the plate in an incubator.	Comment by Neta Moskovits: Use "3.6.1" here also
3.4. After incubating the spheroids with the study drug for 24 to 72 hours, centrifuge the plate at 300 g for 5 minutes at room temperature [1], and gently remove 170 microliters of the cell culture medium [2], leaving 30 microliters at the bottom of the well [3].
3.4.1. Talent placing the plate in a centrifuge.
3.4.2. Talent removing 170 microliters of the cell culture medium.
3.4.3. CU: The solution at the bottom of the well.
3.5. Prepare the MTT (M-T-T) solution and add 70 microliters of the solution to each well to a final volume of 100 microliters per well. The final MTT concentration in the well will be 0.05 milligrams per 100 microliters [1]. In addition, prepare “Blank” wells with MTT solution without cells [2].
3.5.1. Talent shut-off he light in the hood, and then Talent adding MTT solution to the wells.
3.5.2. CU: “Blank” wells with MTT solution without cells.
3.5.3. Talent pipetting in the wells.
3.6. Incubate the plate at 37 degrees Celsius in a 5% carbon-di-oxide humidified incubator for 3 to 4 hours until a change in the color of the solution in the wells is observed [1-TXT]. When a change is observed, add 100 microliters of stop solution to each well, and gently mix the content of the wells without creating bubbles [2-TXT].
3.6.1. Talent placing the plate in an incubator. TXT: Purple color represents live cells
3.6.2. Talent adding stop solution to the wells and mixing the content of the wells. TXT: Stop solution: 0.1 N HCl in isopropanol
3.6.3. Talent placing the plate in an incubator (for incubation of 1 hr) TXT: Purple color represents live cells	Comment by Neta Moskovits: Use "3.6.1" here also

3.7. Read the absorbance of the plate in a Fluorometer-ELISA (Elisa) reader at a wavelength of 570 nanometers and a background wavelength of 630 to 690 nanometers [1].
3.7.1. Talent mixing the content of the wells . see colors differences between wells.
3.7.2. Talent measuring the absorbance of the plate in a Fluorometer-ELISA reader. 
3.7.3. [bookmark: _Hlk121015570]SCREEN: final measurements in the instrument 
Videographer: Please make sure the screen is also clearly visible in the frame.	Comment by Neta Moskovits: We add screen shot of the final measurements on the screen
3.8. To calculate the cell viability, calculate the “specific signal” for each well [1-TXT]. Then, calculate the average value of the “Blank” wells, and subtract this value from each well [2]. Calculate the average of the “specific signals” in the control wells that contain cells that were not treated with the study drug [3].
3.8.1. [bookmark: _Hlk121016044]SCREEN: To be provided by authors: The “specific signal” for each well being calculated. TXT: Specific signal = The signal at 570 nm – The signal at 630–690 nm
3.8.2. [bookmark: _Hlk121016085]SCREEN: To be provided by authors: The average value of the “Blank” wells being calculated, and then this value being subtracted from each well.
3.8.3. [bookmark: _Hlk121016057]SCREEN: To be provided by authors: The average of the “specific signals” in the control wells that contain cells that were not treated with the study drug being calculated.
3.9. Finally, calculate the viability of cells in each well relative to the wells with untreated cells [1].
3.9.1. [bookmark: _Hlk121016123]SCREEN: To be provided by authors: The viability of cells being calculated.


Results
4. Results: Formation of Spheroids From a Primary Colon Cancer Cell Culture, the Effects of Treatments on Spheroids, and the Follow-Up Over Time

4.1. The formation of spheroids from a primary colon cancer cell culture over time by the number of initially seeded cells is shown here [1]. From this figure, it can be seen that the number of spheroids generated depends on the number of cells initially seeded in each well [2].
4.1.1. LAB MEDIA: Figure 2.
4.1.2. LAB MEDIA: Figure 2.
4.2. Spheroids from the primary colon cancer cells after 10 days in culture with initial cell seeding of 2,000 per well are shown here [1]. 
4.2.1. LAB MEDIA: Figure 2. Video Editor: Emphasize the middle picture in the bottom row.
4.3. Upon prolonged culture of the colon cancer spheroids, they started attaching to each other and formed clusters of spheroids in grape-like structures, which prevented a homogenous culture and, thus, prohibited the use of the spheroids in the MTT assays [1].
4.3.1. LAB MEDIA: Figure 3.
4.4. The effects of palbociclib, sunitinib, and their combination on spheroids from primary tumor cells, including colon and breast cancer, are shown here [1]. An MTT assay was conducted on spheroids derived from [2] colon [3] and breast cancer cells [4]. The MTT signals were normalized to values from DMSO-treated cells [5].
4.4.1. LAB MEDIA: Figure 4.
4.4.2. LAB MEDIA: Figure 4A, 4B.
4.4.3. LAB MEDIA: Figure 4A, 4B. Video Editor: Emphasize A.
4.4.4. LAB MEDIA: Figure 4A, 4B. Video Editor: Emphasize B.
4.4.5. LAB MEDIA: Figure 4A, 4B.
4.5. The values represent the means from four to eight replicates [1]. The effects of the various treatments on cell growth were also evaluated microscopically at Day zero and after 3 days of treatment of the spheroids derived from [2] colon cancer [3] and breast cancer cells [4].
4.5.1. LAB MEDIA: Figure 4A, 4B.
4.5.2. LAB MEDIA: Figure 4C, 4D.
4.5.3. LAB MEDIA: Figure 4C, 4D. Video Editor: Emphasize C.
4.5.4. LAB MEDIA: Figure 4C, 4D. Video Editor: Emphasize D.
4.6. The effects of trastuzumab plus vinorelbine, and 5-fluorouracil plus cisplatin on spheroids derived from breast cancer over time are presented in this figure [1].
4.6.1. LAB MEDIA: Figure 5.
4.7. The change in the diameter of the spheroids relative to Day zero by the duration of treatment, is shown here [1]. Each treatment group included four to six wells, with one spheroid in each well [2]. The average change is presented here [3].
4.7.1. LAB MEDIA: Figure 5B.
4.7.2. LAB MEDIA: Figure 5B.
4.7.3. LAB MEDIA: Figure 5B.



Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Neta Moskovitz: It is critical to start the spheroid generation process with a single-cell suspension. It is also critical to use ultra-low attachment plates with a medium containing a 5% basement-membrane matrix. 

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.1.1. and 2.1.2 for the first sentence, 2.6.1. for the second sentence.

5.2. Neta Moskovitz: Spheroids are important tools for many studies beyond response to anti-cancer treatment. These studies address, for example,  drug delivery and even basic biology questions such as cell-cell interactions.  

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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