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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most visually important? 
2.4.-2.6., 3.3., 4.2., 5.1.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.2., we recommend doing a practice run so researchers train their eyes to see the dissociation of myoepithelial cells.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Stefany Rubio: Our method is significant because it allows researchers to isolate and manipulate different cell types for investigation of their individual lineage contributions to tissue form and function [1].

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

1.2. Oscar Cazares:  This technique is a gentle and efficient method for separating cell types and, as a result, the integrity of the cells is preserved for subsequent 3D culture [1].

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

PTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Oscar Cazares: This technique can also be applied to other systems to isolate cells that don’t have well characterized biomarkers [1].

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

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of California, Santa Cruz.
	


Section - Protocol
2. Mammary Gland Digestion
2.1. To harvest the number 2, 3, 4, and 5 mammary glands from a 10-14-week-old, female mouse, first make a 1-centimeter incision at the midline between the two hind limbs [1-TXT].
2.1.1. WIDE: Talent making incision Videographer: More Talent than mouse in shot TEXT: Euthanasia: anesthesia overdose
2.2. Extend the cut up to the neck [1] and make small, lateral cuts from the midline incision toward the limbs [2].
2.2.1. Incision being made to neck
2.2.2. Lateral incision being made
2.3. Then stretch the skin taut [1] before securing it with a pin on each side of the animal [2].
2.3.1. Skin being stretched
2.3.2. Skin being pinned
2.4. [bookmark: _GoBack][1], [2-TXT]. (Editor: The order of 2.4 and 2.5 was swapped. I just moved 2.4 down below 2.5 to illustrate this. I did not recolor the text for 2.4 as to keep the instructional colors – for notes and pronunciation guides – more clear.)
2.4.1. Gland being cut under Videographer: Important step
2.4.2. Gland being placed into medium, with medium container visible in frame Videographer: Important step TEXT: DMEM-F12: Dulbecco’s modified Eagle medium; FBS: fetal bovine serum
2.5. Using forceps, collect the lymph nodes from the number 4 glands [1-TXT].
2.5.1. Shot of LN, then LN being harvested Videographer: Important step TEXT: See text for all medium preparation details
2.4. 	To remove the mammary glands, use sharp scissors to cut under each region of tissue [1], placing the tissues in 50 milliliters of 4-degree Celsius DMEM-F12 (D-M-E-M-F-twelve) supplemented with 5% FBS (F-B-S) and antibiotic-antimycotic as they are harvested [2-TXT].
2.4.1. 	Gland being cut under Videographer: Important step
2.4.2. 	Gland being placed into medium, with medium container visible in frame Videographer: Important step TEXT: DMEM-F12: Dulbecco’s modified Eagle medium; FBS: fetal bovine serum

2.6. When all of the tissues have been collected, chop the glands until the pieces can fit easily through a 1-milliliter pipette tip [1], rotating the plate as necessary so that all of the tissues are minced evenly [2].

2.6.1. Tissue being chopped Videographer: Important step
2.6.2. Plate being rotated

2.7. Then transfer the fragments in 3 milliliters of digestion medium into a single well of a 6-well, low adhesion dish for 14 hours at 37 degrees Celsius and 5% carbon dioxide [1].

2.7.1. Fragments being added to dish 

3. Mammary Epithelial Tissue Fragment Isolation

3.1. The next morning, gently pipette the tissues 10 times with a 1-milliliter micropipette [1-TXT] and transfer the tissue fragments into a 15-milliliter tube containing 2-3 milliliters of tissue culture-grade, calcium- and magnesium-free DPBS [2-TXT].

3.1.1. WIDE: Talent mixing tissue TEXT: Caution: Avoid bubbles
3.1.2. Talent adding tissue to tube, with DPBS container visible in frame TEXT: DPBS: Dulbecco’s phosphate buffered saline

3.2. Collect the tissue by centrifugation [1-TXT] and resuspend the pellet in 5 milliliters of fresh DPBS [2].

3.2.1. Talent placing tube(s) into centrifuge TEXT: 10 min, 600 x g, RT
3.2.2. Shot of pellet if visible, then DPBS being added to tube, with DPBS container visible in frame

3.3. Filter the suspension through a pre-wet 70-micrometer nylon cell strainer [1], rinsing the tube and the strainer 4 times with 10 milliliters of 37-degree Celsius DMEM-F12 per wash [2].

3.3.1. Cells being filtered Videographer: Important step
3.3.2. Talent rinsing tube and/or strainer Videographer: Important step

3.4. To release the tissue fragments, hold the strainer tab with gloved fingers [1] and invert the strainer over a 60-millimter tissue culture dish [2].

3.4.1. Tab being grasped
3.4.2. Strainer being inverted

3.5. Pass four, 1-milliliter aliquots of maintenance medium through the bottom of the strainer [1] and quickly examine the dish for single cells, fat droplets, and contaminating tissue under an inverted microscope [2-TXT].

3.5.1. Strainer being washed
3.5.2. Talent at microscope, viewing dish TEXT: 8 MG = approximately 500 fragments

3.6. Then place the plate in the cell culture incubator for 24 hours to allow the tissue fragments to adhere to the dish and to generate bi-layered fragments [1].

3.6.1.  Talent placing plate into incubator

4. Differential Trypsinization 

4.1. To separate the myoepithelial cells from the luminal epithelial cells, rinse the dish with 1 milliliter of DPBS [1] before adding 1 milliliter of fresh 0.5% trypsin-EDTA to the cells [2].

4.1.1. WIDE: Talent rinsing dish, with DPBS container visible in frame
4.1.2. Talent adding trypsin-EDTA to dish, with trypsin-EDTA container visible in frame

4.2. Carefully monitor the digestion under an inverted microscope [1]. The outer layer of myoepithelial cells will begin to detach within 3-6 minutes [2].

4.2.1. Talent at microscope, looking at dish Videographer: Important/difficult step
4.2.2. LAB MEDIA: Figure 2C Video Editor: please emphasize rounded cells to left of dotted red line 

4.3. When the myoepithelial cells have detached, transfer the supernatant into a 15-milliliter tube containing 2 milliliters 10% FBS in DPBS [1].

4.3.1. Talent adding cells to tube, with FBS + DPBS container and culture dish visible in frame

4.4. Without disturbing the luminal epithelial cells, gently rinse the dish with 2 milliliters of DPBS [1] before adding a fresh milliliter of trypsin-EDTA to the remaining cells [2].

4.4.1. Dish being rinsed, with DPBS container visible in frame
4.4.2. Trypsin-EDTA being added to dish, with trysin-EDTA container visible in frame 

4.5. After 7-15 minutes, quench the enzymatic reaction with 2 milliliters of 10% FBS in PBS [1] and transfer the cells to a new 15-milliliter tube [2].

4.5.1. Talent adding FBS+PBS to tube, with FBS+PBS container visible in frame 
4.5.2. Talent adding cells to tube, with empty culture plate visible in frame

4.6. Stefany Rubio: It is critical to closely monitor the cells during the differential trypsinization and to not over digest the cells [1].

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

4.7. When both fractions have been collected, centrifuge the cells to remove any residual dissociation reagent [1-TXT] and resuspend the pellets in 250 microliters of maintenance medium per tube [2].

4.7.1. Talent adding tube(s) to centrifuge TEXT: 5 min, 300 x g, RT
4.7.2. Shot of pellet if visible, then medium being added to cells, with medium container and hemocytometer visible in frame

5. Cell Fraction Combination and Extracellular Matrix Embedding

5.1. After counting, dilute each cell population to a 1.2 x 104 cells/well concentration in fresh maintenance medium [1] and add 90 microliters of 50% extracellular matrix in DMEM-F12 without phenol red to each well of an 8-well chamber slide [2].

5.1.1. WIDE: Talent adding medium to cells on ice, with medium container visible in frame Videographer: Important step
5.1.2. Talent adding 50% ECM to well(s), with 50% ECM container visible in frame Videographer: Important step

5.2. When all of the wells have been coated, solidify the base layer in the cell culture incubator for 30 minutes [1].

5.2.1. Talent placing plate into incubator

5.3. During this polymerization, collect the cell fractions by centrifugation [1] and resuspend each population in 100 microliters of 10% extracellular matrix in 90% growth medium per well [2].

5.3.1. Talent placing tube(s) into centrifuge
5.3.2. Shot of pellets if visible, then 10% ECM being added to cells, with 10% ECM container visible in frame

5.4. Next, add 100 microliters of each cell suspension to each well [1] and allow the co-cultures to settle for 20 minutes in the cell culture incubator [2].

5.4.1. Talent adding cell(s) to well(s), with both cell tubes visible in frame
5.4.2. Talent placing plate into incubator

5.5. At the end of the incubation, carefully add 100 microliters of growth medium down the side of each chamber wall [1] and return the slide to the cell culture incubator [2].

5.5.1. Medium being added to well
5.5.2. Talent placing slide into incubator

5.6. Image the cells every 24 hours to track their growth [1] and gently renew the growth medium every 2-3 days [2].

5.6.1. Talent at microscope, imaging slide
5.6.2. Talent adding medium to well, with medium container visible in frame

6. Organoid Fixation and Immunostaining 

6.1. To fix the organoids for immunostaining, at the appropriate experimental time point, carefully aspirate the medium from each slide to be imaged [1] and rinse each well with 200 microliters of DPBS per well [2].

6.1.1. WIDE: Talent removing medium
6.1.2. Well being rinsed, with DPBS container visible in frame

6.2. Fix the organoids with 200 microliters 4-degree Celsius paraformaldehyde for 10 minutes at room temperature [1] before treating the organoids with 200 microliters of 0.2% glycine in DPBS per well for 30 minutes at room temperature [2-TXT].

6.2.1. PFA being added to well, with PFA container visible in frame
6.2.2. Glycine being added to well, with glycine container visible in frame TEXT: Alternative: Treat 4 °C, O/N w/ slow rocking

6.3. At the end of the incubation, permeabilize the organoids with 0.25% Triton X-100 in DPS for 10 minutes at room temperature [1] followed by the blocking of non-specific binding with 5% donkey serum in DPBS for 1 hour with rocking [2].

6.3.1. Talent adding PBST to well(s), with PBST container visible in frame
6.3.2. DS being added to well(s), with DS container visible in frame

6.4. Then label the cells with 125-200 microliters of the appropriate primary antibodies of interest in 1% donkey serum in DPBS overnight at 4 degrees Celsius with rocking [1].

6.4.1. Talent adding antibod(ies) to well(s), with antibody containers visible in frame

6.5. The next morning, wash each well two times with 200 microliters of DPBS + Triton X-100 [1] before labeling the organoids with the appropriate fluorescence-conjugated secondary antibodies for 45 minutes at room temperature with rocking protected from light [2].

6.5.1. Talent adding PBST to well(s), with PBST container visible in frame
6.5.2. Chamber rocking on rocker protected from light, with antibodies in front of rocker visible in frame as possible

6.6. Then wash each well two times with fresh DPBS + Triton X-100 as demonstrated [1] and image the organoids by fluorescence microscopy according to standard protocols [2].

6.6.1. Talent adding PBST to well(s), with PBST container visible in frame
6.6.2. Talent at microscope, imaging organoids


Section – Results
7. Results: Representative 3D Organoid Culture

7.1. After 24 hours of incubation, purified epithelial fragments adhere to the bottom of the culture dish [1], forming flat, pancake-like structures with an outer layer of myoepithelial cells [2] encircling an inner layer of luminal epithelial cells [3].

7.1.1. LAB MEDIA: Figures 2A and 2B Video Editor: please emphasize flat cells in Figure 2A
7.1.2. LAB MEDIA: Figures 2A and 2B Video Editor: please emphasize MyoECs/cells to left of dotted red line
7.1.3. LAB MEDIA: Figures 2A and 2B Video Editor: please emphasize LECs/cells to right of dotted red line

7.2. Trypsin treatment differentially detaches the cells, with the myoepithelial cells detaching first and appearing as bright, rounded cells [1] that encircle the core of remaining cuboidal luminal epithelial cells [2].

7.2.1. LAB MEDIA: Figure 2C Video Editor: please emphasize detached cells to left of dotted red line
7.2.2. LAB MEDIA: Figure 2C Video Editor: please emphasize cells to right of red line

7.3. The overall purity of the two cell compartments is about 90% [1], as assessed by the keratin-14 [2] and E-Cadherin expression within the two populations [3].

7.3.1. LAB MEDIA: Figures 2D and 2E Video Editor: please emphasize data bars in Figure 2E
7.3.2. LAB MEDIA: Figures 2D and 2E Video Editor: please emphasize green signal in MyoECs image in Figure 2D
7.3.3. LAB MEDIA: Figures 2D and 2E Video Editor: please emphasize red signal in LECs image in Figure 2D

7.4. After 10 days of culture in 10% extracellular matrix on a 50% extracellular matrix base as demonstrated [1], the myoepithelial-luminal epithelial cell organoids form large, branched structures [2] with well-developed lumens [3].

7.4.1. LAB MEDIA: Figures 3E’ and 3E’’
7.4.2. LAB MEDIA: Figures 3E’ and 3E’’ Video Editor: please emphasize organoid shape in left E’ image
7.4.3. LAB MEDIA: Figures 3E’ and 3E’’ Video Editor: please emphasize dark lumen in center of organoid in left E’’ image

7.5. Differentiation at day 5 with the addition of alveologenesis medium [1] induces the formation of larger, more branched, milk containing organoids [2].

7.5.1. LAB MEDIA: Figure 3F”
7.5.2. LAB MEDIA: Figure 3F” Video Editor: please emphasize boxed overlay/milk in organoid in boxed overlay


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Oscar Cazares: It is important to remember to wash the strainer carefully when collecting the epithelium to ensure that there are no stromal contaminants [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 3.3.)
8.2. Stefany Rubio: To query changes in gene expression, researchers can collect RNA from the organoids by releasing them from the extracellular matrix using a recovery solution [1]. 
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.3. Stefany Rubio: Paraformaldehyde is considered hazardous and researchers should use personal protective equipment and work inside a fume hood when using this agent [1]. 
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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