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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
If Yes, can you record movies/images using your own microscope camera?
Yes
Authors: Please record SCOPE shots for 2.2.4, 2.6.1 and 2.10.2 onto your project as soon as possible.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?   No


Current Protocol Length
Number of Steps: 21
Number of Shots: 48 

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

REQUIRED:  
1.1. David Spector: Human patient-derived organoids are three-dimensional, in vitro model systems that represent both patient diversity and cellular heterogeneity of the tumors. This protocol and video demonstration provide a detailed, hands-on guide to establishing patient-derived breast tumor and normal organoids. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: LAB MEDIA: Figure 1

1.2. Suzanne Russo: Patient-derived breast tumor organoids are exciting new models but difficult to establish. The comprehensive protocol we provide here should aid in preparing the researchers attempting to develop breast organoids and acquaint them with the expected challenges. 	Comment by Nilesh Kolhe: Authors: Suzanne Russo will be introduced with a text overlay as this statement being delivered. Therefore, I have deleted her name from the introduction of demonstrator on camera statement. 	Comment by Disha: Position Title: Senior Research Associate
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 2.8.3 and 2.9.2

OPTIONAL: 
1.3. Payal Naik: Every PDO line derived from a different patient is unique in morphology and growth rate. Unlike 2D cell line systems, organoids grow better when plated at a high density allowing for better intercellular interactions.  	Comment by Disha: Position title: Lab Manager
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 3.9.1 and 3.10.1


Introduction of Demonstrator on Camera

1.4. David Spector: Demonstrating the procedure will be Disha Aggarwal, a graduate student from my laboratory. 
1.4.1. INTERVIEW: Author saying the above. 
1.4.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Videographer: Obtain headshots for all authors. 

Ethics Title Card
1.5. Procedures involving tumor resections from breast cancer patients, along with the distal and adjacent normal tissue, were obtained from Northwell Health in accordance with Institutional Review Board protocols and with written informed consent from the patients.



Protocol
2. Establishing Breast Tumor/Normal Organoids from Resected Tissue 
2.1. To begin, thaw a bottle of basement membrane matrix on ice or overnight at 4 degrees Celsius [1].
2.1.1. WIDE: Establishing shot of talent placing the bottle of basement membrane matrix on ice.

2.2. Transfer the resected tissue to a 10-centimeter sterile Petri dish [1]. Examine the tissue macroscopically and make a note if it appears morphologically fatty, vascularized, or necrotic [2]. Additionally, record the size and shape of the tissue [3] and take a picture of the tissue with a ruler in view [4]. 
2.2.1. Talent placing the resected tissue into a Petri dish.
2.2.2. Talent examining the tissue and writing the features.
2.2.3. Talent recording the size and shape of the tissue.
2.2.4. SCOPE: Tissue being imaged/captured. Videographer: Please film the computer screen on the day of the shoot as backup! File name: DS173T tissue image. Please note that the name sticker and ruler are placed under the petri dish to avoid contact with the tissue. 	Comment by Nilesh Kolhe: Authors: Please record a microscope image by direct visualization through the bright-field microscope and upload it to your project page.

2.3. Mince the tissue into small pieces with a sterile number 10 scalpel [1] and transfer it into a 50-milliliter conical tube [2]. Add 10 milliliters of 2 milligrams per milliliter collagenase IV (four) solution [3] and seal the tube with a transparent film [4]. Place the tube on an orbital shaker at 37 degrees Celsius at 140 rpm (r-p-m) for 30 to 90 minutes at a 30-degree angle [5].
2.3.1. Talent mincing the tissue.
2.3.2. Talent transferring the minced tissue to a conical tube.
2.3.3. Talent adding collagenase IV solution into the tube.
2.3.4. Talent sealing the tube.
2.3.5. Talent placing the tube on an orbital shaker.

2.4. During the incubation, place an aliquot of complete medium to pre-warm in a 37 degrees Celsius bead water bath [1-TXT]. 
2.4.1. Talent placing complete medium in a 37 °C bead/water bath. TXT: See text for complete medium composition 

2.5. Every 15 minutes, resuspend the tissue by mixing up and down vigorously using a 5-milliliter sterile pre-coated serological pipette [1-TXT]. Monitor dissociation over time by observing the tube under the microscope at a 5x (five-X) or higher magnification [2]. 
2.5.1. Talent resuspending the tissue by pipetting. TXT: Pre-coat with 0.5% BSA to prevent tissue loss caused by the sample sticking to the pipette
2.5.2. Talent placing the tube under the microscope and setting the objective.

2.6. Once the tissue is dissociated [1], centrifuge at 400 g for 5 minutes [2], aspirate the supernatant [3], and add 10 milliliters of Ad-DF+++ (Ad (phonetically ‘add’)-D-F-plus-plus-plus) [4]. Again centrifuge and carefully aspirate the supernatant, as tissue pellets can occasionally be loose [5-TXT]. 
2.6.1. SCOPE: Shot of dissociated tissue. Videographer: Please film the computer screen on the day of the shoot as backup! File name: DS173T_dissoc_tissue1	Comment by Nilesh Kolhe: Authors: Please record a microscope image by direct visualization through the bright-field microscope and upload it to your project page.
2.6.2. Talent placing the tube in the centrifuge.
2.6.3. Supernatant being aspirated.
2.6.4. Talent adding Ad-DF+++ into the tube.
2.6.5. ECU: Supernatant being aspirated. TXT: Repeat this step once

2.7. If the tissue pellet is partially red, add 2 milliliters of red blood cell lysis buffer and incubate for 5 minutes at room temperature [1]. 
2.7.1. Talent adding red blood cell lysis buffer into the tube.

2.8. After incubation, add 10 milliliters of Ad-DF+++ to the tube [1], centrifuge at 400 g for 5 minutes, and discard the supernatant [2]. Resuspend the pellet in 50 to 300 microliters of undiluted, cold basement membrane matrix and mix by pipetting carefully to avoid forming bubbles [3]. Videographer: Important step!
2.8.1. Talent adding Ad-DF+++ into the tube.
2.8.2. Talent placing the tube in the centrifuge.
2.8.3. Talent resuspending the pellet in a cold basement membrane matrix.

2.9. Next, warm the 6-well tissue culture plate in an incubator [1] and plate 300 microliters of basement membrane matrix dome containing organoids in each well [2-TXT]. Leave the plate undisturbed in the hood for 5 minutes before placing it at 37 degrees Celsius for 20 to 30 minutes for the basement membrane matrix dome to fully solidify [3].
2.9.1. Talent removing plate from the incubator. 
2.9.2. Talent plating basement membrane matrix dome containing organoids in the wells of a 6-well plate. TXT: Refer to Table 3 for recommended basement membrane matrix and medium volumes Videographer: Important step!
2.9.3. Talent placing the plate in an incubator.

2.10. At the end of incubation, add 3 milliliters of pre-warmed complete medium dropwise to each well and incubate at 37 degrees Celsius and 5% carbon dioxide [1]. After incubation, capture images of the organoids using a 5x objective on an inverted brightfield microscope [2]. 
2.10.1. Talent adding complete medium in the wells of a 6-well plate.
2.10.2. SCOPE: Organoids images being captured. Videographer: Please film the computer screen on the day of the shoot as backup! File name: DS173T_p0_i1-ROI1	Comment by Nilesh Kolhe: Authors: Please record a microscope image by direct visualization through the bright-field microscope and upload it to your project page.

3. Passaging and Expanding Patient-Derived Breast Organoids in Culture
3.1. Lift the basement membrane matrix dome into the medium in the well using a cell scraper or a 1-milliliter pipette tip [1]. 
3.1.1. Talent lifting the basement membrane matrix dome into the medium in the well. Videographer: Important step!

3.2. Using a pre-coated pipette tip, transfer the floating dome of the organoids with medium to a 15 or 50-milliliter conical tube, depending on the number of wells being harvested [1]. Then, add DPBS (D-P-B-S) to increase the volume to at least 5 milliliters [2-TXT].
3.2.1. Talent transferring floating dome of the organoids with medium to a 15/50 mL tube. Videographer: Important step!
3.2.2. Talent adding DPBS into the tube. TXT: DPBS: Dulbecco’s phosphate-buffered saline

3.3. Spin the tubes at 400 g for 5 minutes [1]. The basement membrane matrix with organoids forms a layer at the bottom [2]. 
3.3.1. Talent placing the tube in the centrifuge. Preferably use the filming from step 3.7.2. 
3.3.2. ECU: Shot of at the bottom of the tube. Videographer: Important step!

3.4. Carefully aspirate the supernatant and add 5 to 20 milliliters of DPBS depending on the number of wells pooled in a tube [1]. Mix the organoid-basement membrane matrix pellet in DPBS using a pre-coated sterile disposable pipette [2]. Again, centrifuge and discard the supernatant [3].
3.4.1. Talent adding DPBS into the tube.
3.4.2. Talent mixing the organoid-basement membrane matrix pellet in DPBS. We have a microscope image of undissociated organoid in Matrigel from this step, if needed – File name: passaging undissociated 2
3.4.3. Talent placing the tube in the centrifuge. Preferably use the filming from step 3.7.2. 

3.5. Using a coated pipette tip, add cell dissociation reagent at three times the volume of the basement membrane matrix and resuspend the organoids [1].
3.5.1. Talent resuspending the organoid in cell dissociation reagent.

3.6. Place the tube on an orbital shaker at 37 degrees Celsius at 140 rpm for 8 to 15 minutes in an angled position [1]. Monitor the tube by observing it under the microscope every 5 minutes to ensure the organoids are broken into smaller clusters [2].
3.6.1. Talent placing the tube on an orbital shaker.
3.6.2. [bookmark: _GoBack]Talent observing the tube under the microscope. Extra voice-over shot showing the conical tube. We mentioned a trick that the Matrigel stops sticking to the sides of the tube once it completely dissolves. However, this is not a fool-proof way of assessing if organoids are dissociated, so this step can be added or skipped in the video. We also have a microscope image from this step showing dissociated organoids (can be used if you like) -File name: passaging dissociated-ROI1_I2

3.7. Add basal medium at a volume equal to or greater than the cell dissociation reagent and pipette to mix the organoids [1]. Spin at 400 g for 5 minutes to obtain an organoid pellet [2-TXT].
3.7.1. Talent adding basal medium into the tube.
3.7.2. Talent placing the tube in the centrifuge and shot of pellet, if visible. TXT: Repeat trypsinization if organoids are embedded within the undissolved BMM

3.8. Once a white organoid pellet with no undissolved basement membrane matrix is obtained, discard the supernatant [1], and resuspend the pellet in 1 milliliter of Ad-DF+++. Make up the volume to 10 milliliters with Ad-DF+++ [2]. Spin the tube for the wash step and discard the supernatant [3].
3.8.1. ECU: Shot of a white organoid pellet.
3.8.2. Talent resuspending the pellet in Ad-DF+++.
3.8.3. Talent placing the tube in the centrifuge. Did not film this step as it was repetitive and filmed thrice before in steps 3.7.2, 3.4.3, 3.3.1. Preferably use the filming from step 3.7.2. 

3.9. Add the required amount of basement membrane matrix to the digested organoids based on the appropriate split ratio [1T]. Mix by gently pipetting up and down to avoid creating bubbles and immediately place on ice [2]. 
3.9.1. Includes aspiration before doing this. Talent adding basement membrane matrix into the tube. Video Editor: Please show LAB MEDIA: Figure 3, Day 1 image as inset!
3.9.2. Talent mixing the content and placing the tube on ice.

3.10. Plate 300 microliter domes of organoids resuspended in a basement membrane matrix in a pre-warmed 6-well plate [1]. Leave the plate undisturbed in the hood for 5 minutes before placing it at 37 degrees Celsius with 5% carbon dioxide for 20 to 30 minutes for the domes to solidify [2].
3.10.1. Talent plating basement membrane matrix dome containing organoids in the wells of a 6-well plate.
3.10.2. Talent placing the plate in an incubator.

3.11. At the end of incubation, add 3 milliliters of pre-warmed complete medium to each well and place the plate back in the incubator. Add fresh complete medium every 5 to 7 days [1].
3.11.1. Talent adding complete medium in the wells of a 6-well plate.



Results
4. Results: Morphology and Growth Rate of Patient-Derived Breast Tumor Organoid Lines
4.1. The various patient-derived breast tumor organoid lines differ in morphology [1] and growth rate [2]. The normal breast organoids, and the few early ductal carcinomas in situ-derived organoids, resemble the normal breast structure with a central lumen surrounded by ductal cells [3].
4.1.1. LAB MEDIA: Figure 2
4.1.2. LAB MEDIA: Figure 3
4.1.3. LAB MEDIA: Figures 2A and B Video Editor: Please emphasize both top (NM10N and LNS89T) and bottom (Normal Breast and Ductal Carcinoma In Situ) images

4.2. Organoids derived from invasive lobular carcinoma tend to form loosely attached grape bunch-like structures [1]. Meanwhile, organoids derived from invasive ductal carcinomas tend to form dense, large, and round organoids [2].
4.2.1. LAB MEDIA: Figure 2C Video Editor: Please emphasize both top (HCMI-CSHL-0250-C50) and bottom (Invasive Lobular Carcinoma) images
4.2.2. LAB MEDIA: Figures 2D and E Video Editor: Please emphasize both top (NH048T and HCMI-CSHL-0366-C50) and bottom [Invasive Ductal Carcinoma and Invasive Ductal Carcinoma (TNBC)] images

4.3. The organoid formation was measured using a luminescent cell viability assay on days 3, 6, 9, and 12, with a baseline reading on day 1 after plating [1]. The brightfield images of the same organoids expanded over time are shown here [2]. Some patient-derived organoid lines have a doubling time of 2 days, while some take 5 days [3].
4.3.1. LAB MEDIA: Figure 3
4.3.2. LAB MEDIA: Figure 3 Video Editor: Please emphasize Figure 3A
4.3.3. LAB MEDIA: Figure 3 Video Editor: Please emphasize Figure 3B

Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Disha Aggarwal: It is important to be patient with particular organoid lines that are slow to establish. In our experience, increasing plating density or filtering debris out promotes the growth of PDOs. 
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 2.8.

5.2. Disha Aggarwal: PDOs are excellent models for drug screening. They model cell-cell as well as cell-ECM interactions that are key to studying cancer pathophysiology. Additionally, PDOs can undergo genetic manipulation and can be used to develop xenografts and co-culture systems, making them great models for mechanistic studies. 
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: LAB MEDIA: Figures 2 and 3
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