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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N
Can you record movies/images using your own microscope camera? (Y/N)
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.

2. Does your protocol include software usage? (Y/N) N
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.5; 2.12; 2.13; 3.5; 3.6; 3.11

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. (Please do not list entire sections.)
2.13; 3.11

5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


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

1.1. Wei-Qi He: This protocol is useful for enteroid isolation and culture, in addition to investigating cell proliferation and survival in enteroids [1].

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

1.2. Wei-Qi He: Scientists can apply this technique to culture enteroids, and to study the effect of drugs or inflammatory cytokines on intestinal epithelial cells in vitro [1].

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

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

1.3. Hua-Shan Li: The implications of this technique extend toward therapy of inflammatory bowel disease. We apply this method aiming to find some therapeutic cytokines [1].  

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

1.4. Shao-Fang Xu: This method provides insights into intestinal epithelial proliferation and survival. In addition, it may also be used in organoids cultured from tissues other than the intestine [1]. 

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


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

1.5. Procedures involving animal subjects have been approved by the Animal Care and Use Committee of Cambridge-Suda Genomic Resource Center (CAM-SU) at Soochow University [1].
1.5.1. Title Card


Section - Protocol
2. Intestinal Organoid Isolation and Culture
2.1. To isolate intestinal crypts and perform enteroid culture, use tissue forceps and fine iris scissors to dissect out approximately 8 centimeters of ileum from a euthanized 8-week-old wild-type mouse [1].
2.1.1. ECU: Mouse intestines as talent uses tissue forceps and fine iris scissors to dissect out approximately 8 centimeters of ileum. Avoid filming the mouse face.
2.2. Use a syringe with a gavage feeding needle to flush the ileum with about 40 milliliters of ice-cold Dulbecco's phosphate-buffered saline [1-TXT]. Then cut lengthwise with scissors and open the ileum [2].
2.2.1. Talent uses a syringe with gavage feeding needle to flush the ileum with 40 mL of ice-cold DPBS. TEXT: Dulbecco's phosphate-buffered saline = DPBS
2.2.2. Ileum as talent cuts it lengthwise with scissors and opens the ileum.
2.3. Cut the ileum into small pieces and place them into 5 milliliters of sterile ice-cold DPBS in a 15-milliliter conical tube [1-TXT]. Then rock the sample for 5 minutes on ice [2].
2.3.1. Talent cuts the ileum into small pieces and places them into 5 mL of sterile ice-cold DPBS in a 15 mL conical tube. TEXT: 0.5−1.0 cm
2.3.2. Sample as it rocks on ice.
2.4. Use a pipette controller to aspirate the DPBS and replace it with 10 milliliters of cold buffer 1 [1-TXT]. After rocking for 30 minutes on ice, use the pipette controller to aspirate buffer 1 and replace with 10 milliliters of cold buffer 2 [2]. 
2.4.1. Talent uses a pipette controller to aspirate the DPBS and replace it with 10 mL of cold buffer 1. Use labeled containers. TEXT: See text for all buffers
2.4.2. Talent uses the pipette controller to aspirate buffer 1 and replace it with 10 mL of cold buffer 2.
2.5. Then shake for 2 to 3 minutes by hand at approximately 80 shakes per minute [1]. After shaking, inspect a 20 microliter droplet of buffer 2 contents under a microscope to ensure there are crypts with granular Paneth cells. [2]. 
2.5.1. Talent shakes the tube at 80 shakes per minute. Videographer, the authors consider this an important shot for visualization.
2.5.2. Talent inspects the buffer 2 contents under a microscope.
2.6. Filter buffer 2 contents with a 70-micron sterile cell strainer and collect the filtered buffer in a 50 milliliter conical tube [1].
2.6.1. 50 mL conical tube and cell strainer as talent filters buffer 2 contents into the 50 mL conical tube.
2.7. Pipette 20 microliters of filtrate onto the slide to count the crypts [1]. Transfer a sufficient volume of the filtered buffer 2 contents to ensure that there are approximately 500 crypts per well [2].
2.7.1. Talent motions to pipette 20 microliters of filtrate onto the slide. Continue action in next shot.
2.7.2. [Added shot] Talent inspects the buffer 2 contents under a microscope for counting. Author comment: before entering the step 2.7.3, we thought this counting step was needed. But we didn’t shot this, because it’s the same motion with step 2.5.2.
2.7.3. Slide as talent transfers the filtered buffer 2 contents to it at 500 crypts per well.
2.8. Spin down at 150 x g for 10 minutes at 4 degrees Celsius and then carefully aspirate the supernatant [1]. Resuspend the crypts in 50 microliters of basement membrane matrix per 500 crypts. Pipette up and down, taking care to avoid bubbles [2].
2.8.1. Talent places the sample into the centrifuge, shuts lid, and starts run.
2.8.2. Sample as talent resuspends the crypts in 50 microliters of basement membrane matrix/500 crypts and then pipettes up and down, avoiding bubbles.
2.9. Place a 50-microliter droplet of basement membrane matrix and crypt mix in the center of one well of a 24 well plate [1]. Incubate for 30 minutes at 37 degrees Celsius to polymerize the basement membrane matrix [2].
2.9.1. 24 well plate as talent places a 50 microliters droplet of basement membrane matrix/crypt mix in the center of one well.
2.9.2. Talent places the plate into the incubator.
2.10. After 30 minutes of polymerization, carefully add 600 microliters of mini-gut media to each well [1]. Return the plate to the 37 degree Celsius incubator and observe under a microscope each day, changing the media every 2 to 3 days [2].
2.10.1. Plate as talent adds 600 microliters of mini-gut media to each well from a labeled container.
2.10.2. WIDE: Talent returns the plate to the incubator. Author comment: it’s the same motion with step 2.14.1.
2.11. To passage the enteroids, place the tissue culture plate on ice [1]. Aspirate the media and add 1 milliliter of cold DPBS to each well [2]. Use a P1000 tip to pipette up and down until no matrix chunks remain [3].
2.11.1. Talent places the tissue culture plate on ice.
2.11.2. Plate as talent aspirates the media and adds 1 mL of cold DPBS to each well.
2.11.3. Talent uses a P1000 tip to pipette up and down until no solid basement membrane matrix chunks remain.
2.12. Pass the sample up through a 1-milliliter insulin syringe and down into a 15-milliliter conical tube [1]. 
2.12.1. Insulin syringe and 15 mL conical tube as talent passes the sample up through the syringe and down into the tube. Videographer, the authors consider this an important shot for visualization.
2.13. After spinning down for 5 minutes at 150 x g and 4 degrees Celsius, use a pipette to remove the DPBS [1]. Resuspend the enteroids into 50 microliters of basement membrane matrix per well [2].
2.13.1. Centrifuged sample as talent uses a pipette to remove the DPBS. Videographer, the authors consider this an important shot for visualization.
2.13.2. Talent resuspends the enteroids into 50 microliters of basement membrane matrix per well. Videographer and video editors, the authors consider this an important shot for visualization.
2.14. Place the plate in a 37 degree Celsius incubator for 30 minutes to allow the basement membrane matrix to polymerize [1]. Then, overlay each well with 600 microliters of ENR media and return the plate to the incubator [2].
2.14.1. Plate as talent places it into a 37 degree Celsius incubator.
2.14.2. Talent overlays each well with 600 microliters of ENR media. Use labeled containers. Author comment: it’s the same motion with step 2.10.1
3. Flow Cytometry Analysis of EdU-Positive Cells in Enteroids
3.1. Grow enteroids for 5 to 7 days before passaging them into a new 24-well plate using a splitting ratio of 1 to 2 [1]. Add 600 microliters of ENR medium to each well and then incubate enteroids for 4 to 5 days in a 37 degree Celsius incubator [2-TXT].
3.1.1. Talent passages the enteroids into a new 24-well plate in a splitting ratio of 1 to 2. Author comment: the process of passage had been shot at step 2.11~2.14.1, so we didn’t shot passage here again.
3.1.2. Plate as talent adds 600 microliters of ENR medium to each well. Use labeled containers. TEXT: See text for all buffers Author comment: it’s the same motion with step 2.14.2
3.2. Set-up the control group of untreated enteroids and the experimental group of enteroids treated with 5 nanograms per milliliter of interleukin 22. Prepare at least three replicates for each group [1].
3.2.1. Plate as talent prepares the untreated enteroids for the control group and treats the enteroids in the experimental group. Use labeled containers.
3.3. Add 600 microliters of EdU medium to each well of enteroids, except one well to use as a negative control for background subtraction [1-TXT]. Incubate the plate for 2 hours in a 37 degree Celsius incubator [2].
3.3.1. Plate as talent adds 600 microliters of EdU medium to each well. Use labeled containers. TEXT: EdU = 5-ethynyl-2’-deoxyuridine
3.3.2. Talent places the plate into the incubator.
3.4. To harvest enteroids from the basement membrane matrix, use a pipette controller to aspirate EdU medium and wash once with DPBS [1]. Then, add 1 milliliter of DPBS [2].
3.4.1. Talent uses a pipette controller to aspirate EdU medium and washes with DPBS. Use labeled containers.
3.4.2. Plate as talent adds 1 mL of DPBS.
3.5. Use a P1000 pipette tip to pipette up and down until no solid basement membrane matrix chunks remain [1]. Transfer the sample to a 15-milliliter tube and spin down at 300 x g for 5 minutes before discarding the supernatant [2].
3.5.1. P1000 pipette tip as talent pipettes the sample up and down. Videographer, the authors consider this an important shot for visualization.
3.5.2. Talent places the 15 mL tube holding the sample into the centrifuge, shuts lid, and start run. Videographer, the authors consider this an important shot for visualization.
3.6. Add 500 microliters of cell-dissociation enzymes and incubate for 15 minutes at 37 degrees Celsius [1]. Then use a P200 pipette tip to pipette up and down and break enteroids into single cells [2].
[bookmark: _GoBack]3.6.0 [Added shot] discarding the supernatant. Author comment: this step is the motion after the centrifuge of step 3.5.2.
3.6.1. Talent adds 500 microliters of cell-dissociation enzymes to the tube. Use labeled containers. Videographer, the authors consider this an important shot for visualization.
3.6.2. Talent uses a P200 pipette tip to pipette up and down to break enteroids into single cells. Videographer, the authors consider this an important shot for visualization.
3.7. Next, add 3 milliliters of Dulbecco's modified Eagle medium containing 10% fetal bovine serum and repeatedly pipette with a P1000 pipette tip [1]. After centrifuging at 300 x g for 5 minutes and aspirating the supernatant, resuspend the cells in 1 milliliter of DPBS [2].
3.7.1. Talent adds 3 milliliters of DMEM medium containing 10% fetal bovine serum and repeatedly pipette with a P1000 pipette tip. Use labeled containers.
3.7.2. Talent removes the tube from the centrifuge and resuspends the cells in 1 mL of DPBS.
3.8. To perform fixation and permeabilization of cells, first transfer the cell suspension to a 1.5-milliliter tube, spin down at 300 x g for 5 minutes, and discard the supernatant [1].
3.8.1. 1.5 mL tube as talent transfers the cells there.
3.9. Resuspend cells in 1 milliliter of 4% paraformaldehyde and fix for 15 minutes at room temperature [1]. After centrifuging at 300 x g for 5 minutes, aspirate the supernatant with a pipette tip [2]. Wash the cells once with DPBS and spin down again to remove the supernatant [3].
3.9.1. Talent resuspends the cells in 1 mL of 4% PFA from a labeled container.
3.9.2. Sample tube as talent aspirates the supernatant.
3.9.3. Talent washes the cells with DPBS from a labeled container.
3.10. Resuspend the cells with 1 milliliter of 0.5% nonionic surfactant and incubate for 10 minutes at room temperature before washing the cells with DPBS as before [1].
3.10.1. Sample tube as talent resuspends the cells with 1 mL of 0.5% nonionic surfactant from a labeled container.
3.11. To detect the EdU, add 100 microliters of reaction cocktails to each 1.5-milliliter tube [1]. Resuspend the cells, and protecting from light, incubate for 30 minutes at room temperature [2]. After centrifuging at 300 x g for 5 minutes, gently aspirate the reaction solution with a pipette tip [3].
3.11.1. Talent adds 100 microliters of reaction cocktails to each 1.5 mL tube. Use labeled containers. Videographer and video editor, the authors consider this an important shot for visualization.
3.11.2. Talent resuspends the cells and protects from light, leaving to incubate. Videographer and video editor, the authors consider this an important shot for visualization.
3.11.3. Sample tube as talent gently aspirates the reaction solution with a pipette tip. Videographer and video editor, the authors consider this an important shot for visualization.
3.12. Add 0.5% nonionic surfactant penetrant to each tube to wash once at room temperature [1]. Following centrifugation as before, resuspend the cells in 1 milliliter of DPBS [2].
3.12.1. Talent adds 0.5% nonionic surfactant penetrant to each tube.
3.12.2. Talent resuspends the cells in 1 mL of DPBS.
3.13. Filter the resuspended cells with a 40-micron strainer and collect the filtered cells with a 15-milliliter conical tube [1]. 
3.13.1. Tube/strainer as talent filters the resuspended cells through the strainer into the tube.
3.14. Perform FACS (facs) on-machine detection as soon as possible. Select the appropriate channel and voltage for flow cytometry analysis [1].
3.14.1. Talent setting up the FACS machine.
3.15. For the gating strategy, draw an FSC-A versus SSC-A pseudocolor plot and distribute most of the cells to the visible range of the dot map by adjusting the voltage [1]. 
3.15.1. 3.15.1.jpg
3.16. Select the cell population as R1, and exclude the cell debris in the bottom left corner [1]. 
3.16.1. 3.16.1.jpg
3.17. From the R1 cell population, establish an FSC-A versus FSC-H pseudocolor plot. Set the gate to select single cells, designated as R2, and exclude cell clumps [1].
3.17.1. 3.17.1.jpg
3.18. From the R2 cell population, establish the fluorescence intensity versus cell number plot, and use the negative control to set the gate [1]. 
3.18.1. 3.18.1.jpg
3.19. The region of the fluorescent signal is a positive cell region, designated R3[1]. Compare the ratio of these EdU-positive cells between the experimental… [2] and control groups [3].
3.19.1. 3.19.1 IL22 Experimental group.jpg and 3.19.1 Control Group.jpg – Video editors, please show these two figures adjacent to each other.
3.19.2. 3.19.1 IL22 Experimental group.jpg and 3.19.1 Control Group.jpg – Video editors, keeping the two figures adjacent to each other, please emphasize “3.19.1 IL22 Experimental group”.
3.19.3. 3.19.1 IL22 Experimental group.jpg and 3.19.1 Control Group.jpg – Video editors, keeping the two figures adjacent to each other, please emphasize “3.19.1 Control group”.






Section – Results
4. Results: IL-22 Increases Enteroid Proliferation and Promotes Cell Death in Enteroids
4.1. Small intestinal crypts were isolated and cultured as enteroids in the basement membrane matrix [1]. Enteroids started to form buds 2 days after isolation [2]. On day 6, enteroids had many buds with lots of debris in the lumen. Enteroids were ready to be passaged at this stage [3]. 
4.1.1. Figure 3
4.1.2. Figure 3 – Video editors, please emphasize the leftmost panel in this figure.
4.1.3. Figure 3 – Video editors, please emphasize the rightmost panel in this figure.
4.2. Enteroids were treated with IL-22 for 3 days, after which the synthetic DNA was labeled with EdU in red to indicate cell proliferation [1]. IL-22-treated enteroids displayed an increased number of EdU-positive cells [2].
4.2.1. Figure 4 – Video editors, please remove the “A” and “B” labels and emphasize the top panels. 
4.2.2. Figure 4 – Video editors, please remove the “A” and “B” labels and emphasize the top right panel.
4.3. IL-22 increased proliferating cells from 40.1% to 83.5% as analyzed by flow cytometry [1]. 
4.3.1. Figure 4 – Video editors, please remove the “A” and “B” labels and emphasize the bottom panels.
4.4. IL-22 treatment also increased the cell death in enteroids, indicated by propidium iodide staining in red [1]. IL-22 increased dead cells from 4.9% to 16.2% as analyzed by flow cytometry [2]. 
4.4.1. Figure 5 – Video editors, please remove the “A” and “B” labels and emphasize the top panels.
4.4.2. Figure 5 – Video editors, please remove the “A” and “B” labels and emphasize the rectangles in the bottom panels.


 


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

5.1. Jian-Ying Sheng: During the crypt isolation progress, fierce shaking is needed after adding Buffer 2. To ensure enough crypts are shaken down, we advise inspecting the buffer 2 contents under the microscope [1].  

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera. Video editors, Broll suggestion – shot 2.5.2
5.2. Hua-Shan Li: Following this procedure, we can also quantify differentiated epithelial cell types in enteroids by using specific cell type markers. This method will help researchers to investigate intestinal epithelial differentiation in enteroids [1].   

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
5.3. Jing Wang: After its development, this technique paved the way for researchers in the field of gastroenterology to explore developmental or pathological questions in the gut [1].

5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
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