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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)   No
The microscopy involved is to look through a Tissue culture optical light microscope to assess state of cells.
Can you record movies/images using your own microscope camera? (Y/N) No
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.
Nikon Eclipse TS100 Inverted Microscope
2. Does your protocol include software usage? (Y/N) No
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.)
2.7, 2.12, 2.19, 3.3, 3.12
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.)
3.12 is the most difficult step because during removal of the membrane from the transwell, the membrane must remain completely flat and not obtain any bumps that will not allow the membrane to seal firmly to the glass slide. Bumps in the membrane can greatly affect image quality. To ensure success during this step, a sharp scalpel should be used, and the membrane should be carefully and slowly cut from the transwell.
5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 
. Approximately 20 feet – at a tissue culture hood and then at a bench.  



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. Alyssa Fasciano: A full understanding of the role that M cells play in intestinal homeostasis and immune defense is lacking due to the rarity of M cells in the intestine [1].

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

1.2. Alyssa Fasciano: Induced differentiation of M cells in human intestinal stem cell-derived cultures will allow for the study of M cell development and functions [1].

1.2.1. 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)

1.3. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Tufts University [1].

1.3.1. Title Card


Section - Protocol
2. [bookmark: _Hlk6430182][bookmark: _Hlk6429274]Inducing M Cell Differentiation in Human Ileal Enteroid-Derived Monolayers
2.1. To coat the transwell membranes, place the desired number of transwells in a 24-well plate creating a two-chamber system [1].
2.1.1. Talent places the transwells into a 24-well plate. 
2.2. Dilute the extracellular matrix, or ECM, 25-fold in cold sterile phosphate-buffered saline [1]. Then add 100 microliters of cold diluted solution into each upper chamber onto the membrane [2].
2.2.1. Talent dilutes ECM in PBS.
2.2.2. Talent adds 100 microliters of cold diluted solution to each upper chamber onto the membrane. 
2.3. Cover the 24-well plate with lid and place the plate into a tissue culture incubator at 37 degrees Celsius for 2 hours to permit ECM solidification on the membrane [1].
2.3.1. Talent places the covered plate into the incubator. 
2.4. After 2 hours, remove the plate from the incubator and place in a tissue culture hood [1]. Using sterile tweezers, invert each transwell to gently remove remaining solution [2]. Allow the membranes to airdry in the hood with the lid open while cells are being collected [3].
2.4.1. Talent places the plate in the tissue culture hood.
2.4.2. Plate as talent uses tweezers to invert each transwell.
2.4.3. Plate as talent leaves it with lid open so membranes can dry. 
2.5. Remove the plate of ileal enteroids from the incubator and gently remove the culture media from each well by vacuum aspiration or with a pipette [1-TXT].
2.5.1. Plate of ileal enteroids as talent gently removes the culture media. TEXT: See text for growing ileal enteroids in ECM
2.6. To break up the ECM, add 500 microliters of ice cold 0.5 milliMolar EDTA to each well containing ileal enteroids suspended in ECM [1-TXT]. 
2.6.1. Talent adds 500 microliters of ice cold EDTA to each well containing ileal enteroids suspended in ECM to break up the ECM. TEXT: EDTA ethylenediaminetetraacetic acid
2.7. Pipette up and down vigorously with a P1000 pipettor set at 500 microliters to break up ECM thereby releasing ileal enteroids into the solution [1]. Collect the solution from each well into 15 milliliter conical tubes [2]. 
2.7.1. Talent pipettes up and down vigorously with a P1000 pipettor. Videographer, the authors consider this an important step.
2.7.2. Talent collects the solution into 15 mL conical tubes. Videographer, the authors consider this an important step.
2.8. Pellet the cells in a centrifuge at 140 x g and 4 degrees Celsius for 5 minutes [1]. Pellet should be visible but can easily be dislodged, so slowly remove the supernatant by vacuum aspiration or with a pipette [2].
2.8.1. Talent places the tubes into the centrifuge, shuts lid and starts run.
2.8.2. ECU: Pellet in tube as talent slowly removes the supernatant. 
2.9. To digest tight junction linkages and break up the ileal enteroids into single cells, resuspend the pellet in 500 microliters of room temperature trypsin per every 5 wells collected [1].
2.9.1. Talent resuspends the pellet in 500 microliters of trypsin. Use labeled containers whenever possible for viewer clarity. 
2.10. Using a P1000 pipettor, pipette up and down to disaggregate the clumps [1]. Incubate the tubes in a 37 degree Celsius water bath for 5 minutes or less [2].
2.10.1. [bookmark: _GoBack]Talent uses a P1000 pipettor to pipette the cells up and down. 
2.10.2. Talent places the tubes into a 37 degrees Celsius bead bath. TEXT: Incubating in a 37 °C water bath is ideal. Author comment: My lab does not have a 37C water bath, so this scene (2.10.2) was shot using a 37C bead bath. Can you include on screen text that suggests that incubating the tubes in a 37C water bath is ideal?
2.10.3. Author comment: The videographer shot this scene (2.10.3) as an alternative scene to 2.10.2. I would like 2.10.2 to be included in the final video, not 2.10.3.
2.11. Add 1 milliliter of Advanced DMEM/F12 (D-M-E-M-F-twelve) with 10% FBS per 500 microliters of trypsin to inactivate the trypsin [1-TXT].
2.11.1. Talent adds 1 mL of media. Use labeled containers. TEXT: FBS: Fetal Bovine Serum 
2.12. Pipette up and down with a P1000 set at 500 microliters at least 50 times against the side of the conical tube to further disaggregate remaining clumps into single cells [1].
2.12.1. Talent pipettes up and down with a P1000 set at 500 microliters against the side of the conical tube. Videographer, the authors consider this an important step.
2.13. Place a 40 micron cell strainer over a 50 milliliter conical tube and add 1 milliliter of Advanced DMEM/F12 with 10% FBS to wet the cell strainer [1]. Pipette the single cell suspension from the 15 milliliter conical onto the strainer [2]. Wash the strainer with 1 milliliter of Advanced DMEM/F12 with 10% FBS [3].
2.13.1. Talent places the cell strainer over a 50 mL conical tube and adds 1 mL of media.
2.13.2. Cell strainer as talent pipettes the single cell suspension onto the strainer.
2.13.3. Cell strainer as talent washes it with 1 mL of Advanced DMEM/F12 with 10% FBS.
2.14. Transfer the cells that went through the cell strainer from the 50 milliliter conical tube into a new 15 milliliter conical tube [1]. Count the cells using a hemocytometer [2].
2.14.1. Talent transfers the cells from the 50 mL conical to a new 15 mL conical.
2.14.2. Hemocytometer as talent counts the cells. 
2.15. Centrifuge the cells in the new 15 milliliter tube at 400 x g for 5 minutes at room temperature [1]. 
2.15.1. Talent places the tubes of cells into the centrifuge, shuts lid and starts run.
2.16. The cell pellet should be visible. Carefully remove the supernatant with a pipette, again saving the supernatant in case the pellet becomes dislodged [1]. Resuspend the cell pellet in MCMGF+ (M C M G F plus) with 10 microMolar Y-27632 (Y two seven six three two) [2].
2.16.1. Cell pellet as talent removes the supernatant.
2.16.2. Cell pellet as talent resuspends pellet in media. 
2.17. Ensure that the ECM-coated membranes have fully dried, as assessed by eye [1]. Wash the upper chamber with 200 microliters of MCMGF+ [2-TXT]. Then, add 200 microliters of cell solution into each upper chamber [3].
2.17.1. Dry ECM-coated membranes as talent inspects them.
2.17.2. Talent adds 200 microliters of media to the upper chamber and then removes 200 microliters of media from each upper chamber. Use labeled containers whenever possible for viewer clarity. TEXT: See text for preparation of all media
2.17.3. Plate as talent adds 200 microliters of cell solution to each upper chamber. Use labeled containers whenever possible for viewer clarity.
2.18. Add 700 microliters of MCMGF+ with 10 microMolar Y-27632 to each lower chamber [1]. Place the plate in a 37 degree Celsius tissue culture incubator with 5% CO2 [2].
2.18.1. Plate as talent adds 700 microliters of MCMGF+ with 10 microMolar Y-27632 to each lower chamber. Use labeled containers whenever possible for viewer clarity.
2.18.2. Talent places the plate in the incubator.
2.19. After 1 day of growth, remove the media from the upper chamber and replace with 200 microliters of fresh MCMGF+ to prevent growth of multiple cell layers [1].
2.19.1. Talent removes the media from the upper chamber and replaces it with 200 microliters of fresh MCMGF+, to prevent growth of multiple cell layers. Videographer, the authors consider this an important step.
2.20. Once monolayers are approximately 80% confluent, usually between days 1 to 3 post-seeding, replace basolateral media with differentiation media for control wells or with M cell media for M cell induction wells [1]. Replace the media in the upper chamber with differentiation media for both conditions [2].
2.20.1. Plate as talent replaces the basolateral media with differentiation media for control wells or with M cell media for M cell induction wells. Use labeled containers whenever possible.
2.20.2. Plate as talent removes and replaces the media in the upper chamber with differentiation media.
3. Verifying M Cell Differentiation 
3.1. To verify M cell differentiation by qRT-PCR (Q-R-T-P-C-R), first remove the media from upper and bottom chambers [1]. Gently wash the upper chamber, twice, with 300 microliters of room temperature PBS [2].
3.1.1. Talent removes the media from upper and bottom chambers.
3.1.2. Talent gently washes the upper chamber with 300 microliters of PBS. Use labeled containers. 
3.2. Add 300 microliters of Trizol to each upper chamber, and incubate at room temperature for 5 minutes [1]. Meanwhile, label microcentrifuge tubes for each well and add 700 microliters of Trizol to each tube [2].
3.2.1. Talent adds 300 microliters of Trizol to each upper chamber.
3.2.2. Talent labels the microcentrifuge tubes for each well and adds 700 microliters of Trizol to each tube.
3.3. Collect cell homogenate by gently pipetting up and down 3 times with a P1000 and transfer the contents into corresponding microcentrifuge tubes [1]. Vortex for 5 seconds to mix [2]. Keep the samples at room temperature for an additional 3 minutes [3-TXT]. 
3.3.1. Talent gently pipettes up and down 3 times with a P1000 and transfers the contents into corresponding microcentrifuge tubes. Videographer, the authors consider this an important step.
3.3.2. Tubes as talent vortexes them. Videographer, the authors consider this an important step.
3.3.3. Talent starts a timer, adjacent to the sample, to count down from 3 minutes. TEXT: Store samples at -80 ºC
3.4. To verify M cell differentiation by immunofluorescence, first remove the media from the upper chamber [1]. Gently wash two times with 300 microliters of room temperature PBS [2].
3.4.1. Talent removes the media from the upper chamber.
3.4.2. Talent gently washes the plate two times with 300 microliters of PBS. 
3.5. Add 100 microliters of room temperature 4% PFA in PBS to the upper chamber [1]. Cover the plate with foil and let stand for 25 minutes at room temperature [2]. After removing the PFA, wash the upper chamber 3 times with 300 microliters of room temperature PBS [3].  
3.5.1. Plate as talent adds 100 microliters of room temperature 4% PFA in PBS to the upper chamber. Use labeled containers.
3.5.2. Talent covers plate with foil and starts a timer to count down from 25 minutes.
3.5.3. Talent washes the upper chamber with PBS.
3.6. Incubate the monolayers with 100 microliters of 5% BSA dissolved in PBS for 30 minutes in the dark at room temperature to block the monolayers [1-TXT].
3.6.1. Talent adds 100 microliters of 5% BSA dissolved in PBS to the monolayers. TEXT: BSA: Bovine Serum Albumin 
3.7. Prepare GP2 primary antibody solution in 1% BSA in PBS at a dilution of 1 to 100, and add 100 microliters per well [1]. Stain for 1 hour at room temperature in the dark before removing the solution [2]. 
3.7.1. Talent removes 100 microliters of 5% BSA and adds 100 microliters per well of GP2 primary antibody solution. Use labeled containers whenever possible for viewer clarity.
3.7.2. Talent starts a timer, adjacent to the plate covered in foil, to count down from 1 hour.
3.8. Wash the upper chamber 3 times with 300 microliters of room temperature PBS [1].
3.8.1. Talent washes the upper chamber with 300 microliters of PBS. Use labeled containers.
3.9. Prepare a secondary stain solution of fluorescently tagged goat anti-mouse IgG, phalloidin, and DAPI, and add 100 microliters per well [1-TXT]. Stain for 30 minutes at room temperature in the dark [2].
3.9.1. Talent adds the secondary stain solution to the wells. TEXT: See text for solution preparation 
3.9.2. Talent covers the plate with foil.
3.10. [bookmark: _Hlk6429500]Wash the wells 3 times with 300 microliters of PBS [1]. Then, place a 5 microliter drop of mounting solution on a glass slide [2]. Remove the well from the 24 well plate and invert [3].
3.10.1. Talent washes the wells with PBS. Use labeled containers.
3.10.2. Glass slide as talent places a 5 microliter drop of mounting solution there. Videographer, the authors consider this an important step.
3.10.3. Talent removes the well from the 24 well plate and inverts. Videographer, the authors consider this an important step.
3.11. Alyssa Fasciano: During removal of the membrane from the transwell, the membrane must remain completely flat. Bumps in the membrane prevent a firm seal to the glass slide and can greatly affect image quality [1].
3.11.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
3.12. To ensure success, carefully cut the membrane from the well using a sharp scalpel [1]. 
3.12.1. ECU: Membrane as talent carefully cuts it from the well using the scalpel. Video editors and Videographer, the authors consider this the critical step.
3.13. Place the membrane with the cells facing up onto the droplet of mounting solution on the glass slide [1]. 
3.13.1. Slide as talent places the membrane with the cells facing up on the droplet of mounting solution.
3.14. Add 10 microliters of mounting solution onto the top and center of the membrane and place a coverslip on top to seal the membrane between the glass slide and coverslip [1]. Dry the slides at room temperature in the dark for 24 hours [2].
3.14.1. ECU: Slide as talent adds 10 microliters of mounting solution onto the top and center of the membrane and places a coverslip on top to seal the membrane between the glass slide and coverslip.
3.14.2. Talent leaves the slides to dry in the dark.







Section – Results
4. Results: Immunofluorescence of M Cells in Human Ileal Enteroid-Derived Monolayers 
4.1. M cells are detected by surface expression of GP2 by immunofluorescence [1].
4.1.1. LAB MEDIA: Fig4NoLabels.tif 
4.2. Typically, in a confluent monolayer, 1 to 5 M cells are observed in a given microscope field at 40X magnification by days 6 through 8 post-seeding in samples treated with RANKL (rank-L) and TNFalpha [1]. 
4.2.1. LAB MEDIA: Fig4NoLabels.tif – Video editors, please emphasize the panels labeled Day 6, Day 7, and Day 8 under “RANKL/TNFα Treatment.”
4.3. No GP2 expression is seen in the untreated samples [1]. 
4.3.1. LAB MEDIA: Fig4NoLabels.tif – Video editors, please emphasize the panel labeled Day 7, under “No RANKL/TNFα Treatment.”
4.4. The orthogonal view of the XZ plane overlaid with a phalloidin probe shows actin structures surrounding each cell and GP2 expression on the apical surface of M cells [1]. 
4.4.1. LAB MEDIA: Fig4NoLabels.tif – Video editors, please emphasize the panels in the right corner of the figure labeled “Day 7 with actin overlay.”
4.5. This model recapitulates the low frequency of M cells found in the human intestine [1].
4.5.1. LAB MEDIA: Fig4NoLabels.tif
4.6. To determine if the M cells developed in this model are able to bind to IgA, the presence of IgA on M cells is visualized using a fluor-conjugated secondary antibody that recognizes the heavy chain of human serum IgA [1]. 
4.6.1. LAB MEDIA: Fig5NoLabels.tif 
4.7. M cells treated with IgA for 1 hour have IgA bound to the apical surface… [1], whereas M cells in control wells that were only treated with the secondary antibody to IgA have no detectable signal [2]. 
4.7.1. LAB MEDIA: Fig5NoLabels.tif – Video editors, please emphasize the top row of panels and further emphasize the 2nd, top panel labeled IgA.
4.7.2. LAB MEDIA: Fig5NoLabels.tif – Video editors, please emphasize the bottom row of panels and further emphasize the 2nd, bottom panel labeled IgA.
4.8. Further, IgA specifically binds to the apical surface of M cells and is not found bound to any cells lacking GP2 surface stain [1]. 
4.8.1. LAB MEDIA: Fig5NoLabels.tif – Video editors, please emphasize the top right panel labeled “MERGE.”
4.9. [bookmark: _Hlk8329823]In addition, M cells have characteristically shorter dense actin on their apical surface [1].
4.9.1. LAB MEDIA: Fig6NoLabels.tif – Video editors, please show the 4 panels on the right labeled XZ Plane. 



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Alyssa Fasciano: Switching to RANKL/TNF supplemented differentiation media when the monolayers are around 80% confluent is key to achieving good M cell differentiation [1]/[2].

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

5.1.2. Shot 2.10.1 - Video editors, please use 5.1.1 as the audio and 2.10.1 as the visual.
5.2. Alyssa Fasciano: This technique will allow researchers to explore questions related to M cell development as well as host-pathogen interactions and drug transport studies involving M cells [1].

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