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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.) ___2.4, 2.5, 3.2, 4.5, 4.8________________

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.) ___2.4, 2.5,________________________

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 differentiate immortalized multipotent otic progenitor cells into inner ear cell types. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Kelvin Kwan: This method can help answer key questions in auditory regeneration, such as how otic progenitors differentiate into cochlear hair cells or auditory neurons. 

1.2. Kelvin Kwan: Importantly, this technique provides an in vitro cellular system that can be used in parallel with mammalian animal models.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Kelvin Kwan: Demonstrating the procedure will be Azadeh Jadali, a post doc from my laboratory, and Zhichao Song and Alejandra Laureano(two of my graduate students.
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, or students looking up from workbench or desk or microscope and acknowledging the camera.
(Note to Authors: Please confirm the position of Azadeh Jadali in the laboratory [that of post-doc] is correct. In addition, please memorize all statements in advance of filming.)
Yes, Azadeh Jadali is a post-doc in the lab.
Protocol (read by voice talent at JoVE):

2. Maintaining Self-renewal in iMOP Cells

2.1. After preparing the culture medium as described in the text protocol [2.1.1-WIDE-TXT], use 3 ml of this liquid to plate 1 x 106 immortalized multipotent otic progenitor, or “iMOP” (Pronounced: i-mop), cells into a 60 mm tissue culture dish [2.1.2-MED/CU].
2.1.1. Establishing shot of talent with reagent/medium/cells; TEXT: See text for additional medium preparation details.
2.1.2. MED/CU-Multiple shots of talent plating cells into 60 mm dish-shot will be repeated. If possible, show “iMOP Culture Medium” label in frame.
2.2. Incubate the cells for 5-7 days at 37 (C with 5% CO2 [2.2.1-MED-over the shoulder]. Every other day, double the volume of liquid in the culture by adding fresh medium [2.2.2-CU].

2.2.1. Show talent placing cell-containing dish into incubator.

2.2.2. If possible, show “iMOP Culture Medium” label in frame, and volume of medium in dish rising.
2.3. To passage the cells, first transfer them from the culture dish to a 15 ml conical tube [2.3.1-MED], and then place the tube at 37 (C for 5-10 min [2.3.2-MED]. During this time, expect colony-forming otospheres to collect at the bottom of the conical via gravity sedimentation [2.3.3-CU/ECU].
2.3.1. *Film as written

2.3.2. *Film as written

2.3.3. CU/ECU-Multiple shots of opaque otospheres/colonies of cells collecting at bottom of conical-shot will be repeated later
2.4. Next, aspirate the supernatant, being careful not to disturb the pellet [2.4.1-CU]. Resuspend the otospheres by adding 0.5 ml of previously prepared, pre-warmed 1mM EDTA in Hanks’ balanced salt solution or HBSS, and then pipetting up and down 2-3 times [2.4.2-CU].
2.4.1. *Film as written 

2.4.2. If possible, show “1mM EDTA HBSS” label in frame

2.5. To facilitate the dissociation of otospheres into single cells, place the conical in an incubator at 37(C [2.5.1-MED-over the shoulder]. Periodically swirl the solution [2.5.2-MED], and when no otospheres are observed to sediment at the bottom of the tube, move it to room temperature [2.5.3-ECU-TXT].

2.5.1. *Film as written

2.5.2. *Film as written
2.5.3. Show bottom of conical, without any visible opaque/colonies of cells collected in its base; TEXT: Note: Time of incubation will vary, but should not exceed 5 min.
2.6. Proceed to add 2 ml of culture medium to the cells to neutralize the EDTA [2.6.1-MED/CU], and centrifuge them at room temperature for 5 min at 200 x g [2.6.2-MED-TXT]. Then, aspirate the diluted EDTA solution, and wash the cells in 5 ml of 1X PBS [2.6.3-MED/CU].
2.6.1. If possible, show “iMOP Culture Medium” label in frame.

2.6.2. *Film as written; TEXT: 5 min at 200 x g
2.6.3. If possible, show “1X PBS” label in frame.
2.7. After spinning down the cells using the same settings, aspirate the 1X PBS [2.7.1-MED]. Next, add 0.5 ml of culture medium to the conical, and resuspend the cell pellet [2.7.2-CU].
2.7.1. *Film as written

2.7.2. If possible, show “iMOP Culture Medium” in frame.
2.8. For counting, dilute iMOP cells 1:100 in culture medium [2.8.1-MED]. Then, add 75 (l of this solution into a cassette positioned in a microfluidic particle counter, and determine the cell number [2.8.2-MED/CU-TXT]. Afterwards, plate 1 x 106 iMOP cells in a 60 mm tissue culture dish as previously described, and repeat this passaging procedure every 5-7 days [2.8.3-MED/CU].
2.8.1. *Film as written

2.8.2. MED/CU-Multiple shots of talent introducing solution into cassette-shot will be repeated; TEXT: See JoVE’s video titled “Determination of Mammalian Cell Counts, Cell Size and Cell Health Using the Moxi Z Mini Automated Cell Counter.”
2.8.3. Use shot 2.1.2
3. Differentiating iMOP Cells into Sensory Epithelia

3.1. Three days after plating, use gravity sedimentation to collect otospheres as previously shown [3.1.1-CU/ECU]. Proceed to aspirate the supernatant, and gently resuspend the cells in 2 ml of sensory epithelia differentiation medium [3.1.2-CU-TXT]. Then, use a 10 ml large bore pipette to transfer the otospheres to a new 60 mm dish [3.1.3-MED].

3.1.1. Use shot 2.3.3

3.1.2. If possible, show “Sensory Epithelia Differentiation Medium” label in frame; TEXT: Differentiation Medium: DMEM/F12 supplemented with 1X B27 and 25 (g/ml carbenecillin
3.1.3. *Film as written
3.2. Differentiate the otospheres for 10 days, adding 2 ml of fresh differentiation medium to the culture every other day [3.2.1-WIDE-TXT]. Afterwards, harvest the otospheres again through gravity sedimentation, and aspirate the spent medium [3.2.2-CU].
3.2.1. Show talent walking over to incubator, placing plate in it and closing door; TEXT: Add fresh medium every other day.

3.2.2. Show media being aspirated from tube with otospheres/cells collected in the bottom of the conical
3.3. Next, fix the otospheres in 4% paraformaldehyde in 1X PBS for 15 min at room temperature [3.3.1-CU-TXT]. Then, remove the formaldehyde solution, and wash the cells in 1X PBS containing 0.1% Triton X-100 [3.3.2-MED].
3.3.1. If possible, show “4% Paraformaldehyde” label in frame; TEXT: Caution: Use paraformaldehyde in a fume hood. 

3.3.2. If possible, show “1X PBS/0.1% Triton X-100” label in frame

3.4. Proceed by blocking the otospheres in 1X PBS supplemented with 10% goat serum and 0.1% Triton X-100 [3.4.1-MED/CU]. After 1 hr, replace the blocking buffer with that containing the appropriate dilution of Cdkn1b (Pronounced: C-D-K-N-1-b) or Cdh1 (Pronounced: C-D-H-1) antibody [3.4.2-MED/CU].

3.4.1. If possible, show “1X PBS/10% Goat Serum/0.1% Triton X-100” label in frame.
3.4.2. Show two tubes on screen, one labeled as “1:500 Cdkn1b” and the other as “1:200 Cdh1,” in frame. Have researcher remove liquid from ONE of these tubes, and introduce it into the conical with the cells; TEXT: See Kwan, Shen, and Corey (2015) for immunostaining procedure.
3.5. Then, incubate the cells in primary antibody overnight at 4 (C [3.5.1-WIDE], and the next day continue with immunostaining for proteins, phalloidin (Pronounced: Fa-loid-in), and Hoechst as described elsewhere [3.5.2-MED-TXT]. 

3.5.1. Show talent holding tube with cells, walking over to refrigerator and placing tube in it

3.5.2. Show talent at bench with tube of cells, and two additional tubes, one labeled as “Phalloidin” and the other as “Hoechst”; TEXT: See Kwan, Shen, and Corey (2015) for immunostaining procedure.
3.6. To prepare for imaging, place mounting medium on a glass slide, and then introduce the stained otospheres into the medium. Next, lay a coverslip on top of the sample [3.6.1-CU].

3.6.1. *Film as written

3.7. After letting the mounting medium dry overnight at 4(C, place the slide on the stage of an inverted microscope equipped with a 16 bit CCD camera [3.7.1-MED]. Using the 20X 0.75 air objective [3.7.2-CU], acquire epifluoresence images by collecting data from the blue, green, red, and infrared channels [3.7.3-MED-over the shoulder-TXT]. 

3.7.1. If possible, show the 16 bit CCD camera in frame

3.7.2. Show talent clicking/switching the 20X objective into place

3.7.3. Show talent sitting in front of computer screen, on which is fluorescent image of stained otospheres; TEXT: See text for wavelengths.

4. Differentiating iMOP-Derived Neurons

4.1. First, clean round glass coverslips by placing them in a sterile 100 mm plate and submerging them in 70% ethanol [4.1.1-CU]. Gently agitate the coverslips to ensure they are covered, and leave the dish at room temperature for 10 min [4.1.2-MED].

4.1.1. If possible, show “70% Ethanol” label in frame.
4.1.2. Show talent agitating plate with coverslips, placing plate off to the side

4.2. Next, rinse the coverslips three times in sterile 1X PBS, and then once with sterile water [4.2.1-MED/CU-TXT]. Then, let the coverslips dry by exposing them to UV light in a tissue culture hood for 15 min [4.2.2-MED].
4.2.1. If possible, show “1X PBS” and “Sterile Water” labels in frame, and talent performing one wash with PBS; TEXT: Wash 3X in 1X PBS, 1X in Sterile Water

4.2.2. Show talent turning on UV light in hood

4.3. For immediate use, place one sterile coverslip into each well of a 24-well plate, and gently shake the plate to assure that all coverslips lie flat [4.3.1-MED]. Then, coat the coverslips by adding 0.25 ml of 1X PBS containing 10 (g/ml of poly-D-lysine to each well [4.3.2-CU].
4.3.1. *Film as written
4.3.2. If possible, show “1X PBS/10 (g/ml poly-D-lysine” label in frame
4.4. After the plate has incubated for 1 hr at 37 °C, remove the poly-D-lysine solution [4.4.1-CU], and wash the wells three times with sterile 1X PBS [4.4.2-MED-TXT]. Once the liquid from the last wash has been aspirated, introduce 0.25 ml of 1X PBS(containing 10((g/ml laminin(into each of the 24 wells [4.4.3-CU].

4.4.1. *Film as written

4.4.2. If possible, show “1X PBS” label in frame, and talent performing one wash; TEXT: Wash three times
4.4.3. If possible, show “10((g/ml Laminin” label in frame
4.5. After incubating the plate overnight at 37 °C, aspirate the laminin solution [4.5.1-MED]. Then, wash each well with 1ml of 1X PBS three times, but leave the PBS from the last wash in the wells until the cells are ready to be plated [4.5.2-CU-TXT].
4.5.1. *Film as written

4.5.2. If possible, show “1X PBS” label in frame, and talent performing one PBS wash; TEXT: Leave PBS from last wash in wells until plating. 
4.6. To begin neuronal differentiation, count the cells from dissociated otospheres as previously described [4.6.1-MED/CU], and then resuspend them in pre-warmed neuronal differentiation medium [4.6.2-CU-TXT].

4.6.1. Use shot 2.8.2

4.6.2. If possible, show “Neuronal Differentiation Medium” label in frame; TEXT: See text protocol for neuronal differentiation medium composition.
4.7. Proceed by seeding between 1 and 1.5 x 105 iMOP cells into each well of the plate containing the coated coverslips [4.7.1-CU]. Incubate the plate at 37 (C with 5% CO2, replacing the neuronal differentiation medium every other day [4.7.2-MED].

4.7.1. *Film as written

4.7.2. Show talent placing plate in incubator; TEXT: Replace medium every other day

4.8. After seven days, aspirate the medium [4.8.1-MED]...and fix the cells—which should be attached to the coverslips—by adding 4% formaldehyde into each well, and leaving them for 15 min at room temperature [4.8.2-CU]. Then, remove the formaldehyde, and wash the cells once in 1X PBS containing 0.1% Triton X-100 [4.8.3-MED/CU].
4.8.1. *Film as written

4.8.2. If possible, show “4% Paraformaldehyde” label in frame, talent placing lid on top of dish after formaldehyde added.

4.8.3. If possible, show “1X PBS/0.1% Triton X-100” in frame
4.9. Next, remove the wash buffer, and add blocking buffer consisting of 1X PBS containing 10% normal goat serum and 0.1% Triton X-100 to each well [4.9.1-MED]. Leave the cells for 1 hr at room temperature, and then remove the liquid...and replace it with blocking buffer containing the appropriate dilution of Cdkn1b or Tubb3 (Pronounced: Tub—b-three) antibody [4.9.2-MED/CU].

4.9.1. If possible, show “Blocking Buffer” label in frame. 

4.9.2. If possible, show two tubes-one labeled as “1:500 Cdkn1b” and the other as “Tubb3.”

(Note to Authors: During filming, if possible also write the dilution for Tubb3 on the tube [e.g., 1:500]).
We will accommodate.

4.10. Following an overnight incubation at 4 (C [4.10.1-WIDE], wash the cells once with 1X PBS containing 1% Triton X-100, and then proceed with immunostaining as previously described [4.10.2-MED]. After staining has been completed, perform a final wash by adding 1X PBS to the wells [4.10.3-MED/CU].

4.10.1. Show talent removing cells/plate from refrigerator

4.10.2. If possible, show “1X PBS/1% Triton X-100” label in frame

4.10.3. Show “1X PBS” label in frame

4.11. To prepare them for analysis, remove the coverslips to which stained cells are attached from the 24-well plate, and place them onto mounting medium on a glass slide [4.11.1-CU]. After letting the mounting medium dry overnight at 4 (C, acquire epifluorescence images as previously described [4.11.2-MED-over the shoulder].

4.11.1. *Film as written

4.11.2. Show talent in from of computer screen, looking at images of presumptive neurons.

5. Results: Differentiation of iMOP Cells into Inner Ear Sensory Epithelia and Spiral Ganglion Neurons
5.1. Otosopheres cultured for ten days in epithelia differentiation medium demonstrate increased Cdkn1b expression(a kinase and marker of inner ear differentiation [5.1.1-LM](compared to undifferentiated cells [5.1.2-LM]. Here, Hoechst staining denotes cell nuclei [5.1.3-LM]. 

5.1.1. JoVE Figs KYK 062315 3.pdf: Show panels 3A, 3B, 3E, and 3F, but remove the letter text labels [e.g., A, B, E, and F] (however, keep the Hoechst/Cdkn1b text). Have these panels appear in a square block, as they do in the figure itself [in the same orientation]. Label the upper row (text appearing to its left) as “Undifferentiated Cells,” and label the lower row as “Differentiated Cells.” When “demonstrate increased Cdkn1b expression” occurs in the narrative, box or highlight the Cdkn1b panel in the lower right. 
5.1.2. JoVE Figs KYK 062315 3.pdf: Continue from above. When “compared to undifferentiated cells” occurs in the narrative, highlight or box the Cdkn1b panel in the upper right.

5.1.3. JoVE Figs KYK 062315 3.pdf: Continue from above. Simultaneously highlight the two “Hoechst” panels (the two purple panels on the left).
5.2. These cells also exhibit morphological changes in actin filaments and regions of cell-cell adhesion characteristic of epithelia, indicated by the appearance of phalloidin and Cdh1 labeling at their peripheries [5.2.1-LM].

5.2.1. JoVE Figs KYK 062315 3.pdf: Show panels 3M, 3N, 3O, and 3P in a single row, from left to right (as they appear in the figure itself). Remove the M, N, O, and P labels, but keep the scale bar/associated text and Hoechst, Phalloidin, Merge, and Cdh1 text. Sequentially highlight or box the “Phalloidin” and “Cdh1” panels as cued by narration.

5.3. Otospheres can also be directed to form neurons. This bright field image shows that after 7 days in neuronal differentiation medium, iMOP cells exhibit neurites [5.3.1-LM].

5.3.1. JoVE Figs KYK 050415 4.pdf: Show panel 4E, but remove the “E” label and arrows. As cued by narration, at “iMOP cells exhibit neurites,” have the arrows appear (if possible, change the color of the arrows and Day 7 text to red to make them easier to distinguish from the cells).
5.4. Immunostaining of these cells with the neuronal marker Tubb3 confirms their differentiation, and they also robustly express Cdkn1b. This suggests that dual Tubb3/Cdkn1b signal can be used as an indicator of neuronal differentiation in iMOP cells [5.4.1-LM].
5.4.1. JoVE Figs KYK 062315 5.pdf: Show panels 5A-D in the same square orientation as appears in the figure, but remove the A, B, C, and D text (keep all other text in the panels). When “Tubb3 confirms their…” occurs in the narration, box or highlight the Tubb3 panel in the upper right. Then, when “robustly express Cdkn1b” occurs in the voiceover, box or highlight the Cdkn1b panel in the lower left.
5.5. Cdkn1b fluorescence in differentiated and undifferentiated cells was also normalized by determining its ratio to Hoechst signal, providing quantitative results. Histograms of this data are shown here [5.5.1-LM].
5.5.1. JoVE Figs KYK 062315 6.pdf: Show panels 6A and 6D side-by-side, with A on the left and D on the right. Remove the A and D labels. When “differentiated” occurs in the narrative, simultaneously highlight the “SE Diff” and “Neuronal Diff” text onscreen. Then, when “undifferentiated occurs in the narrative, simultaneously highlighted the two instances of “Prolif.” onscreen.
5.6. The percentages of undifferentiated and differentiated iMOP cells above a predetermined threshold of normalized Cdkn1b are presented in these graphs [5.6.1-LM]. Both differentiated populations demonstrate a significant increase in the percentage of cells expressing Cdkn1b compared to undifferentiated controls, confirming the differentiation suggested by immunofluorescence [5.6.2-LM].
5.6.1. JoVE Figs KYK 062315 6.pdf: Show panels 6B and 6E side-by-side, with B on the left and E on the right. Remove the B and E text. 

5.6.2. JoVE Figs KYK 062315 6.pdf: Continue from above. When “Both differentiated populations” occurs in the narrative, simultaneously highlight the two red bars onscreen. Then, when “compared to undifferentiated controls” occurs in the voiceover, simultaneously highlight the two black bars onscreen.

6. Conclusion (said by authors on camera)
6.1. Azadeh Jadali: Once mastered, routine culture and differentiation of iMOP cells can be done in 30 min if it is performed properly.

6.2. Azadeh Jadali: After watching this video, you should have a good understanding of how to initiate differentiation of iMOP cells.
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.  

Insert your media filenames here.
6.1) Kwan_Figure3_(Panel A,B,E,F).tif – Cdkn1b immunostaining of undifferentiated and differentiated cells.

6.2) Kwan_Figure3_(Panel M,N,O,P).tif – Phalloidin and Cdh1 immunostaining of undifferentiated and differentiated cells. 

6.3) Kwan_Figure4_(Panel E).tif – iMOP cells 7 days after neuronal differentiation. 
6.4) Kwan_Figure5_(Panel A-D).tif – Tubb3 and Cdkn1b immunostaining of iMOP cells 7 days after neuronal differentiation. 
6.5) Kwan_Figure6_(Panel A,D).tif – Single cell measurements of Cdkn1b fluorescence in differentiated and undifferentiated iMOP cells.
6.6) Kwan_Figure6_(Panel B,E).tif – Quantification of Cdkn1b fluorescence in differentiated and undifferentiated iMOP cells.
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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