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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of 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.

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.) Nasal sampling, 1.2-1.7 Notes by Erin: Section 2 of the manuscript, we could film a laboratory member performing a "mock" process, where cells actually aren't in the medium being worked with. Specifically, he or she could agitate the brush in BEGM/a conical not containing cells, and dilute this medium in PBS/place it in the funnel attached to the slide, etc. Then, a still image of the slide with epithelial cells (corresponding to Step 2.4) could be shown. The cells don't actually have to be in the medium when these steps are filmed. Section 3, these actions can be performed in "mock." We would film a laboratory member swirling a brush in BEGM/a conical, and then introducing medium into a flask. However, the cells don't have to actually be in the medium. Then, for Step 3.5, we can proceed to show the still image of cells from Figure 2 (or Figure 3), as suggested in the manuscript itself.
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.) _____ Sample collection, plating the collected sample, making sure it’s coated, keeping the temperature up, seems like the most important (1.2-1.7, 3.5-3.7). For iPSC, section 6.7 and 6.8 colony identification and picking.
______________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

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 grow nasal epithelial cells obtained from children and reprogram them into induced pluripotent stem cells.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hong Ji: This method can help answer key questions in the field of airway diseases, such as how asthma develops.
(Note to Authors: Is it possible to expand statement 1.1 above slightly [and yet keep the length of the statement at 30 words]? For example, can this be modified to read: “This method can help answer key questions in the airway disease field, such as how asthma develops.”?)
1.2. Hong Ji: The main advantage of this technique is that it collects airway epithelial cells from children without stressful procedures. In culture, these cells are a homogeneous population, and serve as an excellent source to generate induced pluripotent stem cells or iPSCs.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Chris Mayhew: We first had the idea for this method when we talked to Drs. Ji and Hershey about their population study to collect nasal epithelial cells from children, and investigate epigenetic variation associated with asthma and air pollution. 
1.4. Ashley Ulm: Visual demonstration of this method is critical as nasal sampling—and iPSC reprogramming of nasal epithelial cells—are difficult to learn, since they are based on personal experiences and not established protocols.
(Note to Authors: Introduction/Interview statements have been edited to adhere to our format and length limits. As each of the Optional Interview Statements should be spoken by a different researcher [who did not present a Required Interview statement], one of the statements spoken by Ashley Ulm has been removed. Similarly, the Introduction to Demonstrator statement has been removed as the demonstrator [Ashley Ulm] has already been introduced.)

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

1.9. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Cincinnati Children’s Hospital Medical Center.

Protocol (read by voice talent at JoVE):
2. Sampling the Nasal Mucosa
2.1. Prior to the participant’s visit [2.1.1-WIDE], transfer 2 ml of fresh bronchial epithelial growth medium—abbreviated “BEGM” (Pronounced: B-E-G-M)—to a 15 ml conical tube [2.1.2-MED/CU]. Then, to this medium add 20 l of a mixture of penicillin, streptomycin, and amphotericin B to a final concentration of 0.01% [2.1.3-MED/CU].
2.1.1. Establishing shot of talent at bench with reagents
2.1.2. If possible, show “BEGM” label in frame
2.1.3. If possible, show “Pen/Strep/Amph B” label in frame
2.2. When the participant arrives, direct them to a chair to sit [2.2.1-WIDE-TXT]. Then, open a cytology brush immediately before taking the sample, and do not touch it to any surfaces to ensure that it remains sterile [2.2.2-MED].
2.2.1. Show talent walking over to participant (and their guardian)/greeting them, and then leading participant to a chair; Text: Recruit 5-18 yr old participants.
2.2.2. Show talent opening brush, holding it so that it doesn’t touch any other surfaces.
(Note to Authors: Ideally, a child participant should be used here, as the Protocol specifies a pediatric population. However, if a child participant can’t make it on the day of filming, an adult can be used and a text overlay included that reads: “Note: Adult is shown only for demonstration. Recruit 5-18 yr old children.”)
2.3. Proceed to instruct the participant to sit still [2.3.1-MED/MED-over the shoulder], and tilt their head upwards toward the ceiling [2.3.2-MED]. If they are restless, have them sit on their hands so that they do not attempt to swat the brush away [2.3.3-WIDE/MED].
2.3.1. Show talent speaking to participant/participant listening
2.3.2. Show participant looking upwards, with their chin pointed to the ceiling
2.3.3. Show talent speaking to participant, participant placing their hands beneath them
2.4. Next, aim and insert the brush to the back of the nose, where the passage narrows [2.4.1-MED-TXT]. Afterwards, remove the brush from the nostril by sliding it down with a twisting motion of the wrist [2.4.2-CU].
2.4.1. Show talent looking into participant’s nose, inserting brush into the nose; TEXT: Where the passage narrows appears as a small black hole.
2.4.2. *Film as written
2.5. Continue by placing the brush in the previously prepared conical tube, and ensure that it is submerged in BEGM [2.5.1-CU]. Then, cut off the excess portion of the brush, and fasten the cap on the tube [2.5.2-MED/CU-TXT].
2.5.1. Show brush being placed in conical with medium, such that entire brush head is submerged in liquid.
2.5.2. *Film as written; TEXT: Do NOT vortex the conical.
2.6. After the sample has been collected, immediately place it in a beaker filled with warm water, so that it is kept as close to 37C as possible [2.6.1-MED]. Then, transport it to the laboratory [2.6.2-WIDE].
2.6.1. *Film as written
2.6.2. Show talent holding beaker with water (with conical with brush placed in it), walking into laboratory room
3. Counting and Spinning Cells
(Note to Authors: Previously, a concern was that certain cells may not be able to be acquired on the day of filming. For any of the following sections/steps, cells don’t actually have to be present in the medium. Any of these steps can be performed without cells [in mock], as long as the appropriate media/solutions/reagents are still used.)
3.1. Once in the laboratory, gently agitate the brush in the BEGM [3.1.1-MED]. Next, remove 10 l of the sample, and to this add 10 l of a live/dead cell stain [3.1.2-CU]. Proceed to introduce this mixture onto a hemocytometer [3.1.3-CU], and count only the live cells under a microscope [3.1.4-MED/MED-over the shoulder-TXT].
3.1.1. *Film as written
3.1.2. Show talent removing sample, placing sample into tube. Then, show talent adding live/dead cell stain to tube.
3.1.3. *Film as written
3.1.4. Show talent looking through eyepieces of microscope at hemocytometer/cells placed on microscope stage; TEXT: Expect 0.5-1.5 x 105 cells/ml.
3.2. Following cell counting, take 50 l of the sample, and proceed to dilute it to 200 l with 1X PBS [3.2.1-CU]. Transfer the remainder of the undiluted cell mixture, along with the brush, to a regulated 37ºC water bath until cell seeding [3.2.2-MED-over the shoulder].
3.2.1. If possible, show 1X PBS in frame.
3.2.2. Show talent placing brush/cell mixture into water bath.
3.3. Proceed to add the PBS-diluted sample to a cytopsin funnel attached to a glass slide [3.3.1-CU], and spin the entire apparatus at 400 rpm for 2 min [3.3.2-MED-over the shoulder]. Afterwards, remove the funnel, and allow the slide to dry overnight in the dark [3.3.3-MED/CU].
Cytospin?  I did 2 takes.
3.3.1. *Film as written
3.3.2. Show talent placing apparatus into a centrifuge, closing lid of machine
3.3.3. Show talent removing funnel from apparatus, placing slide in box/wrapping it in foil (however talent typically dries the slide in the dark).
3.4. After staining the slide with Hema3 as discussed in the text protocol, observe it under a microscope and count the cells [3.4.1-MED-over the shoulder-TXT]. Identify epithelial cells by their unique characteristics—a columnar shape, cilia, and one round nucleus—and determine the percentage of these cells in the preparation [3.4.2-LM].
3.4.1. Show talent looking thought eyepieces of microscope, on the stage of which has been placed the slide/cells; TEXT: Expect to observe ≥90% epithelial cells in a good sample.
3.4.2. Figure_2_final.pdf: Show figure (IN COLOR) without arrows or A/B text labels. Then, when “columnar shape...round nucleus” occurs in the narrative, include the arrow in the upper right of the panel (without the “A” text). When this arrow appears onscreen, include “Epithelial Cell” text.
(Note to Authors: If possible, please provide a color image of Figure_2_final.pdf (it appears that the one already uploaded to the FTP site is in black and white, and a color demonstration of the Hema3 stain would improve the continuity of the video). Figures should be in either TIFF, PNG, EPS, PSD, AI, or PDF format, and uploaded to: http://www.jove.com/account/file-uploader?src=16413318.) - uploaded a separate Figure 2_color with Hema3 staining, not the same slide as shown in Figure_2_final. Arrows show the epithelial cells.
4. Seeding Cells
4.1. To begin seeding, gently swirl the brush inside the conical within a certified tissue culture hood, and then remove it from the tube [4.1.1-MED-TXT].
4.1.1. Show talent swirling brush in conical, then removing brush; TEXT: Begin seeding cells within 30 min of cytospinning.
4.2. Afterwards, gently rotate the brush on the inner surface of a T25 flask previously coated with bovine dermal collagen, taking care not to scratch the coating [4.2.1-CU]. Then, discard the brush in an appropriate biohazard container [4.2.2-MED].
4.2.1. Show talent gently rotating brush on surface of coated flask
4.2.2. *Film as written
4.3. [4.3.1-CU-TXT]. Slowly pipette the remaining cells in BEGM from the conical into the T25 flask, at least 7 x 105 cells [4.3.1-MED]. Proceed to observe the cells under an inverted microscope [4.3.3-MED/MED-over the shoulder].
4.3.1. Show talent introducing cells into flask; TEXT: If there are fewer cells, plate 3 x 105 cells in a single well of a 6-well plate.
4.3.2. *Film as written
4.3.3. Show talent sitting at scope, looking through eyepieces at cells in flask
5. Reprogramming to iPSCs
5.1. After culturing and passaging cells as described in the text, proceed to plate 5 x 105 nasal epithelial cells in 2 ml of BEGM per well of a 6-well tissue culture plate [5.1.1-CU]. Then, incubate the cells for 24 h at 37C and 5% CO2 [5.1.2-WIDE].
5.1.1. Show talent adding cells/medium to a few wells in a 6-well plate
5.1.2. Show talent walking over to incubator with 6-well plate/cells, putting plate in incubator and closing door.
5.2. Following incubation, assure that cells are robustly proliferating [5.2.1-MED]. Then, add polybrene to each BEGM-containing well to a final concentration of 8 g/ml under a fume hood [5.2.2-CU].
5.2.1. Show talent looking at cell culture plate under a microscope.
5.2.2. If possible, show “Polybrene” label in frame under a fume hood.
5.3. Proceed to transduce the nasal epithelial cells by adding lentiviral particles expressing Oct4 (Pronounced: Oct [rhymes with “mocked”]-4), Sox2 (Pronounced: sox-2), Klf4 (Pronounced: K-L-F-4), and c-Myc (Pronounced: c-mick) to the medium in each well, as discussed in the text protocol [5.3.1-CU].
5.3.1. Show talent adding lentiviral particles/mixture to wells. If possible, show “Sox2/Oct4/Klf4/c-Myc” labels in frame.
5.4. After incubating the transduced cells for approximately 3 h, remove the virus-containing medium and discard it using institutionally-approved procedures [5.4.1-MED/CU]. Then, replace this medium with BEGM [5.4.2-CU], and return the transduced nasal epithelial cells to the incubator [5.4.3-MED-over the shoulder].
5.4.1. Show talent removing/discarding virus-containing medium from one well of the plate
5.4.2. Show talent adding BEGM to an empty well in the plate. If possible, show “BEGM” label in frame. 
5.4.3. Show talent placing plate in incubator, closing door.
5.5. After 3 days, replace the medium with fresh BEGM, and then incubate the transduced cells under the same conditions [5.5.1-MED].
5.5.1. Show talent replacing medium with fresh BEGM
5.6. The next dayadd 0.1% gelatin solution to two wells of a 6-well plate, in order to begin preparing mouse embryonic fibroblast-coated plates [5.6.1-CU-TXT]. Then, cover the plate with its corresponding lid, and incubate it overnight at 37C [5.6.2-MED].
5.6.1. Show talent adding gelatin solution to two wells in the plate; TEXT: 1 ml gelatin solution/well
5.6.2. Show talent placing lid on plate and place in incubator
5.7. Proceed on day 5 to thaw a vial containing approximately 5 x 105 inactivated mouse embryonic fibroblastsabbreviated as “MEFs” (Pronounced: “mefs”) [5.7.1-MED/CU-TXT]Then, place these cells into 10 ml of MEF medium [5.7.2-CU-TXT], and proceed to spin them at 200 x g for 5 min [5.7.3-MED-over the shoulder]. Afterwards, aspirate the supernatant, and resuspend the MEFs in the same medium [5.7.4-CU].
5.7.1. Show talent thawing vial pipetting thawed “MEFs” into MEF media, with “MEFs” label in frame if possible; TEXT: MEF: mouse embryonic fibroblast
5.7.2. If possible, show MEF medium in frame; TEXT: See manuscript for MEF medium composition
5.7.3. Show talent placing tube of cells into centrifuge, spinning cells down.
5.7.4. Have talent sequentially aspirate supernatant, and then resuspend the cell pellet. If possible, again show “MEF Medium” in frame. 
5.8. Once these cells have been counted, aspirate the gelatin solution from the previously prepared 6-well plate [5.8.1-MED/CU]. Next, add 1.87 x 105 MEFs into each gelatin-coated well of the plate, and incubate it at 37C for a minimum of 24 h [5.8.2-CU].
5.8.1. Show gelatin solution being aspirated from well
5.8.2. Show MEFs/medium being added to a single gelatin-coated well in the 6-well plate
5.9. Then, on day 6 of culture, aspirate the spent medium from the transduced cells, and wash them in 1X PBS [5.9.1-MED]. Next, add 1ml of 0.05% trypsin solution to each well of the plate, and proceed to neutralize with Trypsin Neutralizing Solution, or TNS, then collect and centrifuge the cells as previously discussed [5.9.2-CU].
5.9.1. Show talent sequentially aspirating medium from, and then introducing PBS to, a well of transduced cells. If possible, show 1X PBS label in frame.
5.9.2. Show aspirate 1XPBS and then trypsin being added to well of plate (from which PBS has been removed); if possible, show “0.05% Trypsin” solution in frame.
5.9.3. [added] Add TNS to neutralize, then centrifuge
5.10. Following centrifugation, aspirate the supernatant, and resuspend the cells in 4 ml of BEGM supplemented with penicillin and streptomycin [5.10.1-MED/CU]. Proceed to introduce 2 ml of this cell suspension into each of the gelatin and MEF-coated wells of the previously prepared plate [5.10.2-CU].
5.10.1. Authors may not be able to acquire/produce these cells. If cells are not present in the medium [and no cell pellet is visible], use a MED shot. If cells are present/a pellet is visible, use a CU shot to show pellet resuspension.
5.10.1A Remove MEF media, wash once with 1XPBS
5.10.2. Show medium/cells being introduced into a single both wells of the 6-well plate that contain MEFs.
5.11. After incubating the cells overnight, replace the BEGM with 2.5 ml of standard human embryonic stem cell—abbreviated as “hESC” (Pronounced: h-E-S-C)—medium containing 4 ng/ml basic fibroblast growth factor [5.11.1-CU].
5.11.1. Show talent removing BEGM from cells/plate, and then introducing “hESC Medium” into the same well. If possible, show “hESC/bFGF Medium” label in frame.
5.12. Proceed to culture the cells, and feed them daily with fresh hESC medium [5.12.1-MED-TXT], until hESC-like coloniesharboring putative induced pluripotent stem cells, or “iPSCs,” (Pronounced: i-P-S-C’s)are observed in the cultures [5.12.2-LM].
5.12.1. Show talent aspirating medium from cells, then add fresh media with cocktail (SPT); TEXT: Note: Until day 10, a small molecule cocktail can be added to enhance reprogrammning.
5.12.2. Figure_5_final_101615.pdf: Show only panel 5A, but remove the “A” text.
5.13. Manually excise [5.13.1-MED/CU] …and transfer these colonies to separate wells of a 24-well plate, in order to culture and expand them as separate lines in a feeder-free system [5.13.2-MED/CU-TXT].
5.13.1. Show talent working with culture plate, excising colonies (this can be performed in mock if colonies are not available)
5.13.2. Show talent transferring colony (can be performed in mock) to single well of 24-well plate; TEXT: Wells should be coated with murine gelatinous protein hESC-qualified matrigel. 
(Note to Authors: As Matrigel is a trademarked term, I have indicated that plates should be coated with murine gelatinous protein. Is this accurate?) No. Needs to be HESC-qualified matrigel.
6. Results: Generation of iPSCs from Nasal Epithelial Cells
6.1. Initially, nasal samples are a mix of cell types and debris [6.1.1-LM]. However, following culture and medium changes, epithelial cells become predominant in these preparations, as shown in this picture taken one day after cell passaging. Here, epithelial cells growing to confluence demonstrate large nuclei and “stretched” cytoplasm [6.1.2-LM]. 
6.1.1. Figure_3_final.pdf: Show panel A, but without the “A” text label.
6.1.2. Figure_3_final.pdf: Show panel B, but without the “B” text label. Scale bar and size can remain in the panel.
(Note to Authors: Is it possible to upload the Figure 3A panel with the arrow [in a separate layer, indicating the debris in this preparation] in TIFF, PNG, EPS, PSD, AI, or PDF format to: http://www.jove.com/account/file-uploader?src=16413318? Similarly, can this also be done for the version of Figure 3B with arrows [indicating a large nucleus and “reaching” cytoplasm]?) Uploaded a file named Figure_3_final_filming.
6.2. Due to the properties of the lentiviral particles used in this study, when such nasal epithelial cells are transduced, they express the tdTomato fluorescent marker, as demonstrated by the central image of cells 4 days post-transduction [6.2.1-LM].
6.2.1. Figure_4_final.pdf: From left to right, show panels A, B and C, without the “A,” “B” and “C” text labels. When “fluorescent image” occurs in the narrative, highlight the middle panel (with red cells against black background).
(Note to Authors: Is it possible to upload the version of Figure 4 with the arrows in C [pointing to cells not expressing tdTomato] in TIFF, PNG, EPS, PSD, AI, or PDF format to: http://www.jove.com/account/file-uploader?src=16413318?) Uploaded a file named Figure_4_final_filming.
6.3. A comparison with the corresponding brightfield picture reveals that not every cell demonstrates tdTomato signal, as evidenced by the merged image on the right. Thus not every cell is transduced; however, transduction efficiency is approximately 90% [6.3.1-LM].
6.3.1. Figure_4_final.pdf: From left to right, show panels A, B and C, but without the “A,” “B” and “C” text. When “brightfield picture” occurs in the narrative, highlight the gray image on the left. Then, when “merged image on the right” occurs in the narrative, highlight the panel on the right.
6.4. When transduced nasal epithelial cells are cultured as described in the protocol, they give rise to iPSC colonies [6.4.1-LM]. Individual cells in such colonies demonstrate a typical hESC-like morphology,such as a round shape, large nucleus, and high nucleus-to-cytoplasm ratioas demonstrated by this magnified image [6.4.2-LM].
6.4.1. Figure_5_final_101615.pdf: Show panel A, but without the “A” text label. Scale bar/associated size can remain in the panel.
6.4.2. Figure_5_final_101615.pdf: Show panel B, but without the “B” text label. Scale bar/associated size can remain in the image.
(Note to Authors: I’ve moved the note indicating that NECs should be robustly proliferating to Step 5.2 in the protocol [to improve continuity].)

7. Conclusion (said by authors on camera)
7.1. Ashley Ulm: Once mastered, this technique can be done in 1.5 hours if it is performed properly.
7.2. Ashley Ulm: While attempting this procedure, it’s important to remember that a sample needs to be taken correctly. Furthermore, cells should be kept at 37C, and plated as quickly as possible at the correct density.
7.3. Hong Ji: Following this procedure, other methods like setting up an air-liquid interface using primary nasal epithelial cells can be performed, in order to answer additional questions like how the airway responds to allergens and pathogens.
7.4. Hong Ji: After its development, this technique paved the way for researchers to model diseases such as asthma, COPD, and cystic fibrosis. This technique also helps study environmental effects on lung development in the in vitro human system.
7.5. [bookmark: _GoBack]Ashley Ulm: After watching this video, you should have a good understanding of how to cultivate primary epithelial cells from nasal samples of children, and how to generate iPSCs from this population.
7.6. Chris: Since we work with hESCs and hiPSCs, remember to always adhere to institutional guidelines and national standards. 
(Note to the Authors: Interview statements have been edited to conform to the length restrictions.)

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.  
ProvidedMedia_JOVE.pptx

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.

 2013, Journal of Visualized Experiments

