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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___NO, but we will show imaging on a confocal microscope with an attached viewing screen  
Can you record movies/images using your own microscope camera? (Y/N)____YES_____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: 
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____NO____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
1.2.4, 1.2.9, 2.4, 2.6, 3.2.1, 3.4.4
D.  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. (Please do not list entire sections.) 
1.2.9 while spreading the basement membrane, hold the pipet straight up and down to avoid introducing bubbles, 1.3.4 pipet very slowly as to not remove the attached crypts with the media
E.  Will the filming need to take place in multiple locations? (Y/N) ___NO, locations for filming include the laboratory and two rooms within a few steps from the laboratory.

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this procedure is to culture miniature guts, called enteroids, in the laboratory. Enteroids are treated with mouse breast milk extracted in the laboratory to elucidate the effects of breast milk on proliferation in vitro.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Wyatt Lanik: This method can help answer key questions related to various gastroenterological diseases, such as necrotizing enterocolitis (NEC), which affects premature infants. [1-MED]
1.1.1. Interview style.
1.2. Lily Xu: The main advantage of this technique is that enteroids require little maintenance, can be established quickly, and they exhibit many of the functional properties of the gastrointestinal epithelium. [1-MED]
1.2.1. Interview style

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Elise Hu: This technique of establishing enteroids is a highly effective model of the human small intestine. Though this method can provide insight into the small intestine, it can also be applied to other organ systems and other regions of the GI tract. [1-MED]

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

All animal procedures in this study were approved by either the Washington University in St.  Louis Institutional Animal Care and Use Committee (Protocol 20160187) or the University of Pittsburgh Institutional Animal Care and Use Committee (Protocol 14103918). Human fetal small  intestine at less than 24-week gestation was obtained in accordance with the University of  Pittsburgh anatomical tissue procurement guidelines after Institutional Review Board approval  (protocol PRO14100537) from the University of Pittsburgh Health Sciences Tissue Bank through  an honest broker system. De-identified human breast milk or pasteurized donor breast milk was  obtained with a waiver of consent from the University of Pittsburgh Institutional Review Board.  

Protocol: (read by voice talent at JoVE)
2. Crypt Isolation and Establishment of Enteroids 
2.1. To begin, thaw solubilized basement membrane extract on ice [1-MED-TXT]. Then, use scissors and forceps to make a vertical incision down the entire abdominal midline of a euthanized mouse [2-CU-TXT]. Using forceps, excise the small intestine [3-ECU] and remove the mesentery [3-ECU] [2.1.4]. 
2.1.1. Talent walks to laboratory bench/table. Talent places tube with basement membrane extract on ice. TEXT: Keep basement membrane on ice to prevent polymerization
2.1.2. Talent picks up scissors and forceps and makes vertical incision down abdominal midline of mouse. TEXT: Incision should go through skin and peritoneum
2.1.3. Talent uses the forceps to excise small intestine and removes mesentery. 
2.1.4. [Added Shot]: Talent removes mesentery. 
2.2. To prepare the small intestine for crypt isolation and enteroid creation, position the intestine straight and use scissors to cut longitudinally along its entire length [1-CU]. Remove any stool by gently shaking the intestine with forceps in a Petri dish filled with PBS-Antibiotic Mixture [2-CU].
2.2.1. Talent positions the intestine in a straight position. Talent uses scissors to slice intestine longitudinally.
2.2.2. Talent uses forceps to gently shake intestinal tissue in Petri dish full of medium.
2.3. Then, add 30 milliliters of Cell Disruption Media number 1 to a 50-milliliter conical tube [1-MED-TXT]. Place half-centimeter segments of intestine into the tube and set the tube into an ice bucket on a shaker [2-CU-TXT]. 
2.3.1. Talent measures 30 mL of cell disruption media number 1 and adds it to a 50 mL conical tube. Ensure the container holding the medium is labeled and that label is visible in shot. TEXT: Refer to written protocol for media preparation instructions
2.3.2. Talent slices intestine into a 0.5 cm piece and places it into the tube with medium. TEXT: 15 minutes at room temperature on ice on a shaker.
2.4. In a hood, add 9 microliters of basement membrane to the bottom of each well in an 8-well chamber slide [1-MED-over the shoulder]. Quickly spread the membrane with a pipette tip and allow the basement membrane to polymerize in an incubator [2-ECU-TXT]. 
2.4.1. Talent is sitting at the hood. Talent uses pipette to add basement membrane to 2-3 wells of the slide. Ensure that container of basement membrane is labeled and that the label is in the shot. [Shots 2.4.1 and 2.4.2 combined]
2.4.2. Talent uses pipette tip to spread the basement membrane at the bottom of the wells. TEXT: Incubate at 37 °C for 30 minutes
2.5. Wyatt Lanik: It is important to quickly spread the basement membrane so that it forms a thin layer on the bottom of the well. The crypts will not attach if there are air bubbles present or if the basement membrane is too thick. [1-MED]
2.5.1. Interview style
2.6. After agitating the conical tube, use a 100-micrometer strainer to filter the membrane tissue and discard the flow through [1-CU]. Add 30 milliliters of Cell Disruption Media number 2 to a new 50-milliliter conical tube [2-CU-TXT] and then add the intestinal tissue to the tube [2-CU-TXT] [2.6.3]. 
2.6.1. Talent removes tube from shaker and runs liquid through the strainer. Talent discards the run through into a container that is labeled “Waste” (or something to that effect). Ensure label is visible in the shot. 
2.6.2. Talent uses pipette to measure and then add cell disruption media number 2 to a new 50 mL conical tube. TEXT: Refer to written protocol for media preparation instructions. (Editor: Keep text overlay up for both 2.6.2 and 2.6.3)
2.6.3. [Added Shot]: Talent transfers intestinal tissue to the new tube of cell disruption media number 2. 
2.7. After agitating the tube for 15 minutes, filter the tissue through a 100-micrometer strainer. Keep the flow through from this step [1-MED-TXT]. 
2.7.1. Talent runs tissue through strainer. Talent keeps the flow through and places it on ice. TEXT: All flow through tubes must be kept on ice
2.8. Add 15 milliliters of DMEM (D-M-E-M) with 4.5 grams per liter glucose and L-glutamine to a new conical tube [1-MED]. Remove tissue from the 100-micrometer strainer and add it to the new conical tube [2-CU]. 
2.8.1. Talent measures 15 mL of DMEM and puts it into to a new tube. Ensure the container of DMEM is appropriately labeled and that label is in shot. 
2.8.2. Talent places tissue into tube of DMEM. TEXT: Refer to written protocol for medium preparation instructions
2.9. Then, manually shake the tube for ten seconds [1-MED] and filter through a 100-micrometer strainer [2-CU-TXT]. 
2.9.1. Talent manually shakes the tube for a few seconds 
2.9.2. Talent filters contents of the tube through a strainer. TEXT: Repeat until flow through is free of particulates
2.10. In the hood, use a 70-micrometer strainer to filter the tissue into a new conical tube [1-CU]. After centrifuging the tube for 8 minutes, place it in an ice bucket in the hood [2-MED-TXT]. Use a pipette to carefully remove the supernatant without disturbing the formed pellet [3-ECU]. 
2.10.1. In the hood, talent uses strainer to transfer tissue into a new conical tube. 
2.10.2. Show few seconds of centrifuge running before centrifuge stops. Talent removes tube from centrifuge and places it into an ice bucket in the hood. TEXT: 200 x g at 4 °C 
2.10.3. Talent removes supernatant from the tube. Ensure the shot has the pellet in it and shows that the pipette tip does not touch the pellet. 
2.11. Resuspend the pellet with an appropriate amount of Crypt Culture Media Without Growth Factors [1-CU-TXT].
2.11.1. Talent uses pipette to dispense crypt culture media without growth factors into the conical tube. Ensure shot shows pellet being resuspended. TEXT: Refer to written protocol for media preparation instructions
2.12. After incubating the chamber slide for 30 minutes, plate the crypt media mixture directly onto the basement membrane [1-CU]… and incubate at 37 degrees Celsius for three hours while the crypts adhere [2-MED-over the shoulder]. After the incubation period, use a P-200 pipette to carefully remove any media and unattached crypts [3-ECU-TXT].
2.12.1. Talent plates crypt media on the 8 well chamber slide. 
2.12.2. Over the shoulder. Talent places slide into incubator. 
2.12.3. Talent uses pipette to remove media and unattached crypts. TEXT: Ensure that pipette tip does not touch basement membrane.  
2.13. Wyatt Lanik: Another critical step is to make sure to slowly remove the media and excess crypts that failed to attach using a P-200 pipette. Do not disturb the basement membrane as the attached crypts can become dislodged. [1-MED]
2.13.1. Interview style 
2.14. Slowly add 250 microliters of Crypt Culture Media With Growth Factors to each well [1-MED-TXT]. 
2.14.1. Talent uses pipette to add crypt culture media with growth factors to wells. Ensure that container of medium is labeled and that label is visible in shot TEXT: Refer to written protocol for medium preparation instructions 
3. Mouse Breast Milk Collection
3.1. Anesthetize a lactating dam with isoflurane delivered via nose cone [1-MED-TXT] and administer the appropriate dose of subcutaneous oxytocin [1-MED-TXT] [3.1.2].
3.1.1. Talent anesthetizes mouse. TEXT: Allow mouse to rest for 3 minutes before milking procedure. (Editor: Keep text overlay up for all of 3.1.1 and 3.1.2)
3.1.2. [Added Shot]: Talent administers oxytocin as written. Ensure that the mouse does not appear to be in discomfort during administration of anesthesia. Focus more on the talent administering the anesthesia than on the animal. 
3.2. Clean teats with 70% ethanol [1-CU] and allow them to dry before initiating the milking procedure [1-CU] [3.2.1.A]. Using an electric human breast pump outfitted with silicone tubing sized to fit mice and a 5-milliliter tube [2-MED]…, extract milk from the teats one at a time [3-CU-TXT]. 
3.2.1. Talent removes gauze soaked in 70% ethanol from a container. Ensure the container is appropriately labeled and that the label is in the shot. Talent cleans the mouse’s teats.
3.2.1.A. [Added Shot]: Talent cleans the mouse’s teats.
3.2.2. Show the modified breast pump apparatus. Have the talent indicate the mouse sized silicone tubing and the 5-mL tube.
3.2.3.  Talent places silicone tubing onto one of the mouse’s teats. Show a few seconds of pump operating. TEXT: Start with lowest settings for both speed and suction and increase gradually
3.3. Finally, aliquot the milk immediately [1-MED] and store at -80 degrees Celsius [1-MED] [3.3.1.A]. Treat the enteroids on day 5 with stored mouse breast milk [2-CU-TXT] for 24 hours at 37 degrees Celsius [3-MED].
3.3.1. Talent aliquots milk into containers. 
3.3.1.A Talent places containers into cold storage unit.
3.3.2. Talent uses pipette to transfer milk to the wells of the slide. TEXT: 50 μL mouse breast milk per mL Crypt Culture Media with Growth Factors
3.3.3. Talent places slide in incubator.
4. Staining
4.1. On the first day of staining [1-MED-over the shoulder], use PBS to remove experimental treatments and wash the enteroids [1-MED-over the shoulder] [4.1.1.A]. Add 250 microliters of 4% PFA to each well [2-MED] and place the slide on a rotator for 1-2 hours at 4 degrees Celsius [2-MED] [4.1.3-TXT]. 
4.1.1. Talent is holding slide as they walk to lab bench. (Editor: If the cut from this shot to 4.1.1.A would be too quick, this shot can be ignored)
4.1.1.A. [Added Shot]: Talent aspirates out the experimental treatments and uses PBS to wash the wells of the slide. Ensure container of PBS is labeled and label is visible in shot.
4.1.2. Talent uses pipette to measure 250 microliters of PFA (ensure container of PFA is labeled and label is visible in shot) and puts the PFA into 1-2 wells. 
4.1.3. [bookmark: _GoBack]Talent places the slide onto a rotator. TEXT: Rotator kept at 4 degrees Celsius for 2 hours.
4.2. Use a pipette to remove the PFA and then gently wash each well 4 times with 250 microliters of PBS [1-CU]. Place the chamber slide on a rotator for 10 minutes at room temperature [2-MED-TXT].
4.2.1. Talent uses pipette to remove PFA from wells of the slide. Talent puts waste in labeled waste container. Talent then uses PBS (ensure container of PBS is labeled and that label is visible in shot) to gently wash wells once. 
4.2.2. Talent places the slide on the rotator and sets a timer for 10 minutes. Ensure timer is visible in shot. TEXT: Slides may be stored at 4 °C for 1-2 days
4.3. Add 250 microliters of 0.1% Triton X-100 to each well [1-MED] and incubate for 1 hour at room temperature [1-MED] [2-CU]. After incubating, remove the Triton X-100 with a pipette and wash 4 times with 250 microliters of PBS in each well [2-CU] [4.3.2.A]. Place the slide on a rotator for 15 minutes at room temperature [3-MED].
4.3.1. Talent uses pipette to measure 250 microliters of 0.1% Triton X-100 (ensure container is labeled and that label is visible in shot) to wells of the slide. 
4.3.2. Then talent incubates the slide at room temperature. Talent sets a timer for 1 hour (ensure timer is visible in shot). (Editor: This shot can be ignored if the cut is too quick. Incubating is a pretty standard thing, so we don’t need to show it if 4.3.1 needs more time)
4.3.2.A. [Added Shot]: Talent removes 0.1% Triton X-100 from wells with a pipette and washes with PBS once (ensure label is visible in shot). 
4.3.3.  Talent places the slide onto a rotator and sets a timer for 15 minutes. Ensure timer is visible in shot. 
4.4. Add 250 microliters of 10% NDS/PBST to each well and incubate for 45 minutes at room temperature [1-MED]. After incubation, remove the NDS/PBST with a pipette [2-CU]. Finally, add 250 microliters of diluted primary antibody to each well [3-MED-TXT] and incubate overnight at 4 degrees Celsius [3-MED-TXT] [4.4.4]. 
4.4.1. Talent measures 250 microliters of NDS/PBST and puts it into wells. Talent incubates the slide at room temperature and sets a timer for 45 minutes (ensure timer is visible in shot).
4.4.2. Talent removes liquid from wells of the slide. 
4.4.3. Talent measures and adds diluted antibody to wells of the slide. Talent places the slide into an incubator. TEXT: 1/250 in 1% NDS/PBST
4.4.4. [Added Shot]: Talent places the slide into an incubator. (Author Comment: Broke up 4.4.3 into two parts adding 4.4.4.)
4.5. On the second day of staining, wash each well at least 5 times with 250 microliters of PBST [1-MED] and place the slide on a rotator at 4 degrees Celsius between each wash [2-MED]. 
4.5.1. Talent measures PBST (ensure container is labeled and label is visible in shot) and washes cells. 
4.5.2. Talent places slide on a rotator. Videographer: show entire washing process once.
4.6. Add 250 microliters of diluted secondary antibody in 1% NDS/PBST to each well. Wrap the slide in foil [1-MED] and incubate overnight at 4 degrees Celsius [1-MED] [4.6.2].
4.6.1. Talent measures diluted secondary antibody (ensure container is labeled and label is visible in shot) and adds it to wells. Talent wraps slide in foil. 
4.6.2. [Added Shot]: Talent puts slide into incubator. (Author Comment: Broke 4.6.1 into two parts adding 4.6.2.)
4.7. On the final day of staining, add 250 microliters of nuclear stain DAPI (D-A-P-I) to each well and allow it to sit for 15 minutes [1-CU-TXT]. Then, wash each well 6 times with 250 microliters of PBST [2-CU]. Place the slide on a rotator for ten minutes at 4 degrees Celsius between each wash [3-MED].
4.7.1. Talent measures nuclear stain DAPI (ensure container is labeled and that label is visible in shot) and adds it to wells. Talent sets timers for 15 minutes (ensure timer is visible in shot). TEXT: 4’,6-diamidino-2-phenylindole (DAPI)
4.7.2. Talent measures PBST (ensure container is labeled and label is visible in shot) washes wells. 
4.7.3. Talent places slide on rotator and sets timer for 10 minutes (ensure timer is visible in shot). Videographer: Only show this entire washing process once. 
4.8. Finally, prepare the slide for microscopic imaging by mount a coverslip on the chamber slide with mounting media and allow it to dry for 24 hours [1-MED-over the shoulder]. 
4.8.1. Talent prepares chamber slide as written and places them on lab bench in the dark to dry. 
5. Results: Breast milk increases growth and proliferation of enteroids 
(Authors: Please note that any text written in blue is intended for video editors)
5.1. In this study, small intestinal enteroids derived from neonatal mice were treated with breast milk collected from lactating mice. As shown in this figure, mouse breast milk increased proliferation in mouse enteroids [1-LM].
5.1.1. 56921_Good_Fig_4_revised: Video editor: please show only sub-figures A and B from Figure 4. Keep the “Control” label for sub-figure A. Label sub-figure B “Mouse breast milk” instead of MBM. When VO says “mouse breast milk increased proliferation in mouse enteroids, please use an arrow to indicate one of the bright, fuchsia areas (those are the enteroids) in figure B. This will emphasize the difference in enteroids between these two experimental treatments. 
5.2. To investigate species-specific effects of breast milk, human breast milk and pasteurized donor breast milk were also applied to the mouse enteroids. As shown in this figure, human and pasteurized donor breast milk increased proliferation of mouse enteroids [1-LM]. 
5.2.1. 56921_Good_Fig_4_revised:  Video editor: please show only sub-figures A, C, and D from Figure 4. Label sub-figure C as “Breast milk” and sub-figure D as “Donor breast milk”. When VO says “human and pasteurized donor breast milk increased proliferation of mouse enteroids”, indicate one enteroid area (the bright, fuchsia spots) each in sub-figure C and D.

6. Conclusion (said by authors on camera)

6.1. Wyatt Lanik: While attempting this procedure, it’s important to keep the crypts on ice during the isolation procedure. Slowly and gently perform all methods after the enteroids are in culture. [1-MED]
6.2. Elise Hu: Following this procedure, other methods like treatments with immune cells, microbiota or various drugs can be performed in order to answer additional questions to better recapitulate the microenvironment of the intestine. [1-MED]
6.3. Misty Good: After watching this video, you should have a good understanding of how to culture, treat and perform immunofluorescence on the enteroids. In addition, you should be able to efficiently extract breast milk from a lactating mouse. [1-MED]
6.4. Lily Xu: Don't forget that working with human tissue and bodily fluids can be extremely hazardous and personal protective equipment should always be worn while performing these procedures. [1-MED]
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Lanik et al JoVE Figure 4 revised.tif

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 are included in the email accompanying the finalized script.
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