[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 60384
Scriptwriter Name: Anthony Iannazzi
Project Page Link: http://www.jove.com/files_upload.php?src=18417168

Title: Generation of Multicellular Human Primary Endometrial Organoids

Authors and Affiliations: 
Alina R. Murphy1,*, Teerawat Wiwatpanit2,*, Zhenxiao Lu1, Batzaya Davaadelger1, J. Julie Kim1

1Department of Obstetrics and Gynecology, Northwestern University, Chicago, IL, USA
2National Center for Genetic Engineering and Biotechnology (BIOTEC), National Science and Technology Development Agency (NSTDA), Pathum Thani, Thailand

*These authors contributed equally.

Corresponding Author: 
J. Julie Kim			j-kim4@northwestern.edu

Email Addresses for Co-authors: 
am2@u.northwestern.edu
teerawat.wiw@biotec.or.th
z-lu@northwestern.edu
batzaya.davaadelger@northwestern.edu




Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  
We would just need closeups of the tissue. And the script has been designed to film the organoids as we embed them in agarose. These organoids are tiny.  I think this is a YES.
Can you record movies/images using your own microscope camera? Y
Our microscope camera takes still images only. 
Zeiss Axiovert 200 with camera Axiocam HRc (inverted scope)
Leica MZ 9 5 with camera Leica DFC495 (dissecting scope)
We cannot do movies.
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
2.3.1., 2.5.3., 2.12.1., 2.12.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
2.3.1. The endometrium may be difficult to identify. We identify it based on a different, more mucous-like texture compared to the surrounding tissue and a pink or red color. If the tissue of the biopsy is curved, the endometrium will be present on the inner surface. 
2.11.2. It can be difficult to estimate the amount of medium to add to the stromal cell suspension. We estimate based on the total number of epithelial and stromal cells, rather than the number of clumps of epithelial cells. If unsure, we add the lower amount of medium to the stromal cells. 
5. Will the filming need to take place in multiple locations? NO

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. Julie Kim: The endometrium is a tissue that changes every month in response to hormones.  Hormone imbalance can prevent embryo attachment and also cause diseases like cancer.  Our protocol rebuilds the endometrium so that it can be studied outside of the woman’s body in a physiological way [1].

1.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

1.2. Julie Kim: The main advantage of this technique is that it provides a 3D structure of cells comprised of two hormonally responsive cell types, the epithelial and stromal cells that specifically organize and behave like they do in the body [1].

1.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

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

1.3. Julie Kim: Since the organoids can better mimic tissue behavior for hormone response, they can eventually be used to test efficacy of different drugs [1].

1.3.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

1.4. Julie Kim: The endometrial organoids can be used to study direct effects of currently known risk factors for cancer including obesity and Polycystic Ovarian Syndrome. Our organoids emphasize the importance of paracrine actions between two cell types [1].

1.4.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.  

1.5. Alina Murphy: It is important to start with an adequate amount of tissue.  Getting the right density of epithelial and stromal cells may be tricky.   Also, the organoids are quite small and difficult to visualize for IHC staining [1].

1.5.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

1.6. Alina Murphy: Visualization of this procedure is important because there are some steps that will much easier to understand after seeing them. These steps include getting the right tissue layer of the uterus, getting the appropriate density of cells to combine, and seeding the agarose molds [1].

1.6.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

Introduction of Demonstrator: (Said by you on camera)

1.7. Julie Kim: Helping to demonstrate this procedure will be graduate student, Alina Murphy, and Senior Research Technologist, Zhenxiao Lu, [1] [2].

1.7.1. Interview style: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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

1.8. Endometrial samples were collected from premenopausal women undergoing routine hysterectomy for benign uterine conditions at Northwestern University Prentice Women's Hospital, according to an Institutional Review Board-approved protocol. Written consent was obtained from all women included in the study. 


Section - Protocol
2. Preparation of Agarose Molds and Generation of Endometrial Organoids
2.1. Before beginning cell isolation, cast and equilibrate 1.5 percent agarose micro molds according to the manufacturer’s instructions to house the organoids [1].
2.1.1. Establishing shot of the talent approaching the work area, and beginning to cast the agarose micro molds. Any action in the casting/equilibration can be filmed for this shot.
2.2. In a biosafety cabinet, use aseptic techniques to prepare an enzyme solution at 37 degrees Celsius [1-TXT] and sterile-filter the solution using a 0.2 micrometer syringe filter into a 15 milliliter conical tube [2].
2.2.1. Talent, in a biosafety cabinet, prepares an enzyme solution. TEXT: See text for solution composition.
2.2.2. Talent filters the solution into a conical tube.
2.3. Using a scalpel, scrape off endometrium (end-oh-MEE-tree-um) from the uterine biopsies [1] and mince the tissue into very small pieces [2]. Place the freshly minced tissue into the 15 milliliter conical tube containing the enzyme solution [3].
2.3.0. [Added Shot]: Talent holds up uterine tissue to show where the endometrium is. Talent indicates where the endometrium is using the forceps. (Editor: I’m unsure of how this shot is slated as the authors didn’t provide a number. This shot could be used right before 2.3.1 to point out where the endometrium is to the viewer, though the authors may want to provide additional VO so that it doesn’t seem rushed)
2.3.1. Talent uses a scalpel to scrape off endometrium from the uterine biopsies. Videographer: The authors have indicated that this step is one of the most important for viewers to see, and also that it is one of the most difficult steps in the protocol.
2.3.2. Talent uses the scalpel to mince the tissue.
2.3.3. Talent places the minced tissue into the conical tube containing the enzyme solution.
2.4. Close the cap [1] and wrap the top of the tube with a wax film to prevent contamination [2].
2.4.1. Talent closes the cap of the tube.
2.4.2. Talent wraps the top of the tube with wax film.
2.5. Place the tube into a water bath or incubator at 37 degrees Celsius for 30 minutes with gentle shaking [1-TXT]. After this, stack a 100 micron cell strainer on top of a 20 micron cell strainer on a 50 milliliter conical tube [2]. Filter the solution through the two strainers [3]. Rinse the 15 milliliter conical tube with HBSS, and put this wash through the strainer to ensure that all cells are collected [4].
2.5.1. Talent places the tube into shaker in a water bath (or incubator). TEXT: Gently shaking: 80 – 100 rpm.
2.5.2. Talent stacks the cell strainers on top of the 50 mL conical tube.
2.5.3. Talent filters the solution through the strainers and into the tube. Videographer: The authors have indicated that this step is one of the most important for viewers to see.
2.5.4. Talent rinses the 15 mL conical tube with HBSS, and puts that wash through the strainer.
2.6. Then, invert the 20 micron cell strainer onto a new 50 milliliter conical tube [1] and wash the epithelial cells off the strainer with 20 milliliters of organoid media supplemented with 1 percent penicillin and streptomycin [2].
2.6.1. Talent inverts the 20 micron cell strainer onto a new 50 mL conical tube.
2.6.2. Talent washes the epithelial cells off the strainer with organoid media.
2.7. Centrifuge the conical tubes at 500 x g for 5 minutes [1]. For the collected stromal cells, remove the supernatant and resuspend the pellet in 10 milliliters of red blood cell lysis buffer [2]. Incubate at 37 degrees Celsius for 10 – 15 minutes [3].
2.7.1. Talent places the conical tubes into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
2.7.2. Talent, with the tube of stromal cells in hand, resuspends the cell pellet in red blood cell lysis buffer. The supernatant can be removed prior to this shot.
2.7.3. Talent places the tube of stromal cells into an incubator.
2.8. Centrifuge these cells at 500 x g for 5 minutes [1], remove the supernatant [2], and resuspend the pellet with 200 – 300 microliters of organoid media [3].
2.8.1. Talent places the tube of stromal cells into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
2.8.2. Talent removes the supernatant from the tube of stromal cells.
2.8.3. Talent resuspends the pellet in organoid media.
2.9. For the collected epithelial cells, remove the supernatant and resuspend the pellet in 100 microliters of organoid media [1].
2.9.1. Talent, with the tube of epithelial cells in hand, resuspends the pellet in organoid media. The supernatant should be removed prior to this shot.
2.10. After the 1.5 percent agarose molds are equilibrated, remove the organoid media on the outside of the agarose molds [1] and tilt the tissue culture plate so that the medium from the cell seeding chamber of the agarose dishes can also be carefully removed [2].
2.10.1. Talent removes the organoid media on the outside of the agarose molds.
2.10.2. Talent tilts the plate and removes the medium from the cell seeding chamber of the agarose dishes.
2.11. View the epithelial and stromal cell suspensions under a microscope [1] and add more organoid media to the suspensions, making sure to add only 100 microliters at a time so that the suspension are roughly equal in density [2].
2.11.1. Talent views the epithelial and stromal cell suspensions under a microscope.
2.11.2. Talent adds more organoid media to the suspensions. Videographer: The authors have indicated that this step is one of the most difficult steps in the protocol.
2.12. Then, combine 1 part of the stromal cells with 3 parts of the epithelial cells, by volume [1]. Pipet 50 microliters of the combined cell suspension into the cell seeding chamber of the agarose mold [2].	
2.12.1. Talent combines the stromal cells and epithelial cells. Videographer: The authors have indicated that this step is one of the most important for viewers to see.
2.12.2. Talent transfers some of the combined cell suspension into the cell seeding chamber of the agarose mold. Videographer: The authors have indicated that this step is one of the most important for viewers to see.
2.13. Once the agarose molds are filled with cells, carefully add 400 microliters of fresh organoid media into the wells of the 24-well plate [1]. Incubate at 37 degrees Celsius with 5 percent carbon dioxide [2], making sure to change the medium every second day with 500 microliters of organoid media [3]. After 7 days, change the medium to one that is supplemented with 0.1 nanomolar estradiol and 0.8 nanomolar testosterone to promote organization of the epithelial and stromal cells [4].
2.13.1. Talent adds fresh organoid media into the wells of the 24-well plate.
2.13.2. Talent places the plate into an incubator.
2.13.3. Talent changes the medium in the wells of the plate. Any action in this process can be filmed for this shot.
2.13.4. Talent changes the medium to one supplemented with estradiol and testosterone. Any action in this process can be filmed for this shot.
3. Harvesting Endometrial Organoids for Experiments
3.1. First, dissolve 1.5 percent agarose in PBS by boiling [1]. Place the liquid agarose into a beaker of hot water, and allow it to cool to approximately 50 degrees Celsius [2-TXT].
3.1.1. Talent dissolves agarose in PBS.
3.1.2. Talent sets the liquid agarose in a beaker of hot water.
3.2. Under a dissecting microscope, tilt the 24-well plate [1] and carefully pipet out the medium from the outside of the agarose mold [2]. Then, carefully pipet out the medium from the interior of the agarose mold to avoid disrupting the organoids [3].
3.2.1. Talent, at the dissecting microscope, holds and tilts the 24-well plate. (Author Comment: This shot was initially mislabeled as shot 3.6.1 and other shots in this sequence were mislabeled as 3.6.2. The videographer made a note of this.)
3.2.2. SCOPE: Microscope shot of the 24-well plate as it is tilted, and as the medium is removed from the outside of the agarose mold. Videographer: Use the microscope camera (microscopes should all have cameras) to film stills of the important actions in this step. If possible, also film this action using a scope kit.
3.2.3. SCOPE: Microscope shot of the 24-well plate as the medium is removed from the interior of the agarose mold. Videographer: Use the microscope camera (microscopes should all have cameras) to film stills of the important actions in this step. If possible, also film this action using a scope kit.
3.3. Carefully add between 70 and 75 microliters of warm 1.5 percent agarose into the chamber of the agarose dish, being careful not to disturb the organoids [1].
3.3.1. SCOPE: Microscope shot of the 24-well plate as agarose is added. Videographer: Use the microscope camera (microscopes should all have cameras) to film stills of the important actions in this step. If possible, also film this action using a scope kit.
3.4. Let the plate cool at 4 degrees Celsius for 5 minutes [1]. After this, add 4 percent paraformaldehyde into each well of the 24-well plate [2], and fix the entire sealed agarose mold overnight at 4 degrees Celsius [3].
3.4.1. Talent sets the plate into a refrigerator to cool.
3.4.2. Talent adds paraformaldehyde into each well of the 24-well plate.
3.4.3. Talent places the plate into a refrigerator to fix.
3.5. The next day, store the plate in 70 percent ethanol  at 4 degrees Celsius until ready to process for paraffin embedding [1] [2].
3.5.1. Talent stores the plate in ethanol.
3.5.2. Talent places the plate into a refrigerator to store it.
3.6. To begin RNA isolation, view the plate under a dissecting microscope [1]. Tilt the plate and carefully pipet out the medium from the chamber of the agarose mold [2]. 
3.6.1. Talent, at the dissecting microscope, holds and views the 24-well plate.
3.6.2. SCOPE: Microscope shot of the 24-well plate as it is tilted, and as the medium is removed from the chamber of the agarose mold. Videographer: Use the microscope camera (microscopes should all have cameras) to film stills of the important actions in this step. If possible, also film this action using a scope kit.
3.7. Forcefully pipet 1 milliliter of fresh organoid medium directly into the agarose mold so that the organoids are flushed out of the microwells, being careful to not create too many bubbles [1]. Repeat this forceful pipetting process once, using the same medium [2].
3.7.1. SCOPE: Microscope shot of the 24-well plate as medium is forcefully pipetted into the mold. Videographer: Use the microscope camera (microscopes should all have cameras) to film stills of the important actions in this step. If possible, also film this action using a scope kit.
3.7.2. SCOPE: Microscope shot of the washing process being repeated. Do not reuse 3.7.1. Videographer: Use the microscope camera (microscopes should all have cameras) to film stills of the important actions in this step. If possible, also film this action using a scope kit.
3.8. After this, collect all of the medium containing the organoids [1]. Centrifuge at 500 x g to collect the organoids, and proceed to RNA extraction [2].
3.8.1. Talent collects the medium containing the organoids.
3.8.2. Talent places the collected medium into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.




Section – Results
4. Results: Analysis of Generated Multicellular Human Primary Endometrial Organoids
Video Editor: The authors have provided a powerpoint with high-resolution versions of the figures. Please use the images from there: Figs-revised.pptx
4.1. In this study, human endometrial organoids comprised of epithelial and stromal cells of the endometrium are generated without the use of exogenous scaffold materials [1].
4.1.1. LAB MEDIA: Figure 2.
4.2. For histological processing, the agarose molds containing the endometrial organoids are sealed with agarose, followed by fixation with 4 percent paraformaldehyde overnight [1]. These molds are processed for standard paraffin embedding, sectioned and stained for histology, immunofluorescence or immunohistochemistry [2].
4.2.1. LAB MEDIA: Figure 2.
4.2.2. LAB MEDIA: Figure 2.
4.3. The hematoxylin and eosin staining reveals a spheroid-like structure with a single layer of cells lining the outside and cells in the center [1]. Cell-specific markers for endometrial epithelial and stromal cells reveal epithelial cells surrounding the organoid with stromal cells in the center [2].
4.3.1. LAB MEDIA: Figure 2. Video Editor: Emphasize Figure 2A.
4.3.2. LAB MEDIA: Figure 2. Video Editor: Emphasize Figure 2B.
4.4. Markers of endometrial physiology confirm that the endometrial organoids retained certain characteristics of the native tissue [1]. Trichrome staining, which stains collagen blue and cells red, shows the presence of collagen within the center where stromal cells resided, demonstrating active production and secretion of collagen by stromal cells similar to the native tissue [2].
4.4.1. LAB MEDIA: Figure 3.
4.4.2. LAB MEDIA: Figure 3. Video Editor: Emphasize Figure 3A.
4.5. In addition, immunohistochemical staining reveals the presence of estrogen receptors [1], androgen receptors [2], and progesterone receptors in both the epithelial and stromal cells [3].
4.5.1. LAB MEDIA: Figure 3. Video Editor: In Figure 3B, emphasize the image labeled “ER”.
4.5.2. LAB MEDIA: Figure 3. Video Editor: In Figure 3B, emphasize the images labeled “AR”.
4.5.3. LAB MEDIA: Figure 3. Video Editor: In Figure 3B, emphasize the images labeled “PR”.




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

5.1. Alina Murphy: It’s important to plate the cells densely so that there will be enough organoids for downstream experiments. This will take practice [1] [2].

5.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

5.1.2. B-roll suggestion: Shot 2.12.2.

5.2. Alina Murphy: Endometrial organoids can be cultured under different conditions and then harvested for experiments like immunohistochemistry or immunofluorescence staining to study protein expression, or for RNA to study gene expression.

5.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

5.3. [bookmark: _GoBack]Julie Kim: Our lab investigates how the endometrium responds to altered hormone levels which can lead to endometrial hyperplasia and cancer.  We can use the organoids for long term treatments of hormones and add pathological conditions such as excess testosterone found in Polycystic Ovarian Syndrome or signals from adipocytes to study obesity induced endometrial changes [1].

5.3.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

5.4. Julie Kim: Human tissues are considered to be biohazardous and it will be important to take appropriate precautions [1].

5.4.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
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