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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) NO  (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) 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.

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.) 
2.13.
Pass the cells through 40 micrometer strainers into a new 50 ml tube and set it aside. 

2.14.
Set up 2 to 3 magnetic separation LS columns into the magnetic-assisted cell sorting system, and then load 5 ml of PBS buffer solution to each column to equilibrate. Let the solution run through the column.

2.15.
When the flow through is complete, set up a fresh 50 ml collection tube for each column and load the column with the cell suspension combined from three 50 ml tubes. Save the flow through as the CA-19-9-negative cell population. 

2.17.
Now remove the column from the magnetic separator and place it into a new 50 ml tube. Add 5 ml of PBS buffer solution to the column, and then apply pressure with the plunger to expel the CA19-9-positive cells from the column into the tube. 
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.) 
2.6 & 2.7 / Action: carefully resuspend the cells after tryspin digestion to produce a uniform single cell suspension

2.17 / Action: Firmly and completely push the plunger. Do not hesitate to refill the column with 5 mL PBS and push the plunger twice if the cell suspension is dense.
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):

Authors: Please complete the following statement to describe the overall goal of your protocol. This should consist of a single statement of no more than 40 words.   
The overall goal of this procedure is to expand human pancreatic duct cells in vitro by forcing an epithelial-mesenchymal transition and to produce insulin-secreting cells using a reliable four-step protocol. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that provide additional information about the significance of your protocol. You may revise the given prompts as necessary to improve the sentence flow.

Please complete the following two statements and indicate the name of the author who will give the statement. If only one author is giving interview statements, the same author may speak both statements. Please restrict the length of each statement to no more than 30 words.

1.1. Philippe Lysy: This method can help answer key questions in the β-cell engineering field, such as how to obtain a critical mass of insulin-producing cells from a pancreatic progenitor population.
1.2. Philippe Lysy: The main advantages of this technique are that it is reliable, cost-effective and it does not rely on ethically sensitive sampling.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

Authors: The following statements may be spoken by additional authors if desired. These statements must be completed by different authors than those who gave the required statements, and no more than one statement can be spoken by each additional author. Please restrict the length of each statement to no more than 30 words. You may revise the given prompts as necessary to better fit your protocol, but please remember that the total introduction length cannot exceed 150 words. 

1.3. Elisa Corritore: The implications of this technique extend toward therapy of diabetes, because it provides the possibility to produce clinical batches of transplantable cells with potential for improvement of glucose homeostasis.  
1.4. Author Name: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.

1.5. Author Name: Generally, individuals new to this method will struggle because ______________.

1.6.  Author Name: I/We first had the idea for this method, when I/we ___________.

1.7. Author Name: Visual demonstration of this method is critical as the ______________ steps 

are difficult to learn, because _______________.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Authors: If any individuals will be doing demonstrations on camera but are not assigned a speaking part in the introduction section, please use statement 1.8 to introduce these individuals (for example, the PI introduces a student not speaking on camera). Please use this statement ONLY if the demonstrator has not given an interview statement and limit the statement to no more than 30 words.
1.8. ** Author Name: Demonstrating the procedure will be NAME, a (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  

1.8.1. Interview style: Author saying the above 

1.8.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name).
OR
Procedures involving human subjects have been approved by the Institutional Review Board (IRB) or equivalent body at Université Catholique de Louvain.
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Isolation of Human Pancreatic Duct Cells
2.1. To begin, collect the exocrine cell suspension, obtained and maintained as described in the accompanying text protocol, and centrifuge the cells at 50 times g for 5 minutes. 

2.2. Carefully aspirate the supernatant and resuspend the cells in CMRL medium. Centrifuge at 180 times g for 5 minutes, and repeat this washing step once more. 

2.2.1. [TEXT: CMRL medium supplemented with 10% FBS, 1% Pennicillin/Streptomycin]

(Authors: what volume of medium was used to resuspend the cells for the wash steps?) 5 mL
2.3. Finally resuspend the pellet in 5 ml CMRL medium. 

2.4. Add 40 ml CMRL medium to 50 ml centrifuge tubes. Then add 1 ml of the cell suspension to each tube, and centrifuge the cells at 50 times g for 5 minutes.
2.5. Carefully aspirate the medium and then resuspend the pellets in 10 ml 0.05% Trypsin/EDTA. Vortex each tube for 15 seconds to disperse the cells.

2.6. Then place the tubes in a 37 0C shaking incubator set at 200 rpm for 20 minutes.

2.7. To deactivate the trypsin after incubation, add 10 ml of cold culture medium to each tube and gently pipet up and down to break up any cell aggregates.

2.8. Next, filter the cell suspension from two tubes through a 40 micrometer cell strainer into a single 50 ml tube. Centrifuge at 130 times g for 3 minutes and resuspend the cells in 5 ml of PBS buffer containing EDTA and BSA. 

2.6.1
[TEXT: PBS buffer: PBS, 0.75 gm/L EDTA, 0.5% BSA].
2.9. To isolate the exocrine cells, centrifuge the cells and resuspend in 2 ml of PBS buffer containing mouse anti-human CA19-9 antibody and incubate at 4 0C for 45 minutes in a tube rotator shaker set at 100 rpm. 

2.9.1. [TEXT: Antibody dilution 1:200].

2.10. Add 10 ml of PBS buffer to each tube to wash away the unbound antibody, and gently pipet up and down to mix thoroughly. Centrifuge at 130 times g for 3 minutes. 

2.11. After discarding the supernatant, resuspend the cells in 600 microliters of rat anti-mouse IgG1 microbeads, diluted 1:5 with PBS buffer. Mix well and incubate at 4 0C for 45 minutes at 100 rpm.

2.12. Next, wash away the unbound antibody by adding 5 ml of PBS buffer solution, and mix by tapping the tube. Centrifuge, aspirate the supernatant, and then resuspend the cells in 20 ml of PBS buffer. 

2.13. Pass the cells through 40 micrometer strainers into a new 50 ml tube and set it aside. 

2.14. Set up 2 to 3 magnetic separation LS columns into the magnetic-assisted cell sorting system, and then load 5 ml of PBS buffer solution to each column to equilibrate. Let the solution run through the column.

2.15. When the flow through is complete, set up a fresh 50 ml collection tube for each column and load the column with the cell suspension combined from three 50 ml tubes. Save the flow through as the CA-19-9-negative cell population. 

(Authors: Are these cells then stored for some time for a future experiment? Are they frozen?) These cells are used for expansion (step 3). Some of them are used for RNA isolation or microscopy (after centrifugation in agar).
2.15.1. [CAUTION: Do not let the column dry].

2.16. Wash the separation column 3 times with 3 ml of PBS buffer solution each time. 

2.17. Now remove the column from the magnetic separator and place it into a new 50 ml tube. Add 5 ml of PBS buffer solution to the column, and then apply pressure with the plunger to expel the CA19-9-positive cells from the column into the tube. 

2.17.1. [TEXT: CA19-9+ cells collected].

2.18. Centrifuge the tubes at 130 times g for 5 minutes. Discard the supernatant, and resuspend the pellet in 5 ml of culture medium. 

2.19. Then, mix the cell suspension thoroughly, and count the viable cells from a 50 microliter aliquot by the Trypan Blue exclusion method. 

2.19.1. [TEXT: Trypan Blue dilution 1:2 in PBS, Blue nuclei: dead cells].

3. Expansion of Human Pancreatic Duct-Derived Cells (HDDCs)
3.1. For expansion of the CA19-9 positive HDDC population, plate 3 times 105 viable duct cells, or DCs, per cm2 of tissue culture treated flasks in 20 ml of endothelial growth medium EGM-2-MV, without hydrocortisone. For culturing in a 75 cm2 flask, use 20 ml of medium.

3.2. Incubate the cells at 37 0C with 5% CO2. Change the medium first at 72 hours after plating, and then twice weekly.
3.3. To subculture the cells when they reach about 80% confluence, rinse the cell monolayer once with 5 ml PBS. Then detach the cells with 0.05% trypsin/EDTA. Collect the detached cells in 40 ml of PBS within 3 minutes. 

3.3.1
[TEXT: CAUTION: Discard the cells that remain attached after 3 minutes]

3.4. Centrifuge the cells at 190 times g for 4 minutes, and then resuspend the cell pellet in a minimum volume of EGM-2-MV medium. Take an aliquot and count the cells using a hemocytometer.

(Authors: Would you recommend a volume of medium for the resuspension here?) The volume depends on the volume of the cell pellet. Usually, it corresponds to 2 mL.
3.5. Then, plate the detached HDDC cells in a new flask at a concentration of 5000 cells per cm2 in the EGM-2-MV medium. 

3.6. Following expansion, start differentiating HDDCs to beta-cells by first detaching the cells with trypsin-EDTA. Then, plate 1.5 times 104 cells per cm2 on uncoated tissue-culture-treated multi-well plates in Basal Medium. 

3.6.1
[TEXT: Basal Medium: DMEM/F12, 0.1% BSA, 10 mM Nicotinamide, 1x Insulin-Transferrin-Selenium A supplement, 1% PS]

(Authors: What is the normal cell number and cell passage range when the differentiation step is started?) We differentiate the cells between passages 2 and 5. The number of cell engaged in the differentiation process depends on the experiments scheduled at the end of the differentiation protocol.
3.7. Then follow the medium transfer steps to obtain HDDC-derived beta cells, as described in the accompanying protocol. Replace the existing medium with fresh medium containing the specific reagents on day 1, day 4, day 7 and day 10 after plating. 
3.7.1
[Video Editor: Please show LABMEDIA_JoVE53380_Figure 2A on screen with this sound bite. Let all the text remain, - except the figure number so remove the text label ‘A’].
4. Results: Expansion Rate and Differentiation Rate of HDDCs to -cells
4.1. Robust expansion of HDDC cells cultured in EGM-2-MV medium was observed between the passages 2 to 7, as shown by the near-linear curve of cumulative population doubling, or CPD, plotted against the passage number. The dotted lines represent the standard deviation. 
4.1.1. LABMEDIA_JoVE_53380_Figure 1A. [Video Editor, please show Figure 1A alone, and remove the Figure label A. Please highlight the dotted lines with the narration cue].
4.2. Shown here is the real time quantitative PCR analysis of epithelial gene expression at different HDDC passage numbers. Rapid loss of epithelial gene expression occurred during expansion by the second passage.

4.2.1. LABMEDIA_JoVE_53380_Figure 1B. [Video Editor, please show Figure 1B alone, and remove the Figure label B].
4.3. Immunostaining of the R-differentiated HDDCs showed co-expression of the -cell specific protein, MAFA shown in blue, and insulin shown in green, indicating the successful differentiation of some cells to insulin-secreting beta cells. 
4.3.1. LABMEDIA_JoVE_53380_Figure 2D. [Video Editor: Please show Figure 2D alone and remove the text D. Please drop small white arrowheads on the two central cells showing both blue and green fluorescence]. 
Authors: Do the above descriptions accurately reflect your results? For any changes, please see the instructions below.
RESULTS INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors will ensure that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.  The results section is limited to 200 words total. If your results section contains more than 3-4 , please choose the most important figures to illustrate your results. Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image. Each image or movie file supplied for the video results section should be referenced by its specific file name.

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
5. Proliferation of HDDCs

5.1 For all donors, epithelial cells perform 2-3 rounds of proliferation after plating and show a cobblestone-like morphology. 

-LAB MEDIA: 53380_Lysy_Figure1.tif

5.2 About 30% of duct cells will modify their morphology to become spindle-shaped and start proliferate. These new cells will become predominant in culture dishes. 

-LAB MEDIA: 53380_Lysy_Figure2A.tif
-LAB MEDIA: 53380_Lysy_Figure2B.tif
5.3 Cultures of HDDCs from passage 1 have a phenotype of a partial epithelial-mesenchymal transition (EMT), which is confirmed by co-expression of epithelial and mesenchymal both at gene and protein levels.

-LAB MEDIA: 53380_Lysy_Figure3.tif

6. β-cell differentiation of HDDCs

6.1 After β-cell differentiation protocol, HDDCs show de novo expression of β-cell-specific markers, including insulin protein, and have epithelial-like or spindle-shaped morphology. These differentiated cells do not exhibit co-expression of other endocrine hormones as glucagon, somatostatin or pancreatic polypeptide.

-LAB MEDIA: 53380_Lysy_Figure4.tif

6.2 HDDCs submitted to β-cell differentiation protocol have insulin secretion capacities under basal glucose conditions but do not respond to a glucose challenge by increased insulin output. 

-LAB MEDIA: 53380_Lysy_Figure5.tif

5. 7.Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Please choose the statement(s) you wish to conclude the video and indicate the name of the author who will give the statement. Please restrict the length of each statement to no more than 40 words. You may revise the given prompts as necessary to better fit your protocol.

5.1. Elisa Corritore: Once mastered, this technique can be done in 6 hours if it is performed properly.

5.2. Author Name: While attempting this procedure, it’s important to remember to ___________.

5.3. Author Name: Following this procedure, other methods like _____________ can be performed in order to answer additional questions like _____________.

5.4. Author Name: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________ (model organism, patient demographic, organ system).

5.5. Philippe Lysy: After watching this video, you should have a good understanding of how to efficiently expand human pancreatic duct cells with β-cell differentiation capacities.

5.6. Author Name: Don't forget that working with _____________ (reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ____________ should always be taken while performing this procedure.   

*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.  
5.1 - 53380_Lysy_Figure1.tif – bright field image of proliferating duct cells at 40X.

5.2 - 53380_Lysy_Figure2A.tif – bright field image of HDDCs arising after plating (passage 0) at 100X. Dashed lines encircle groups of duct cells giving rise to HDDCs.

 - 53380_Lysy_Figure2B.tif – bright field image of HDDCs arising after first passage (passage 1) at 100X. Dashed lines encircle a group of typical HDDCs that will undergo extensive proliferation.
5.3 - 53380_Lysy_Figure3.tif – confocal microscopy imaging of HDDCs co-expressing CK19 (green) and αSMA (red) proteins (DAPI in blue) at passage 1, 250 X.
6.1 - 53380_Lysy_Figure4.tif – confocal microscopy imaging of ‘R’-differentiated HDDCs expressing insulin protein (green). Some cells acquired a rounded morphology whereas others maintained a spindle shape. Undifferentiated cells expressed αSMA (red) only (DAPI in blue). Mag: 250X.

6.2 - 53380_Lysy_Figure5.tif – graph showing insulin secretion capacity by HDDCs after differentiation with the R protocol or with the alternative protocol containing a pre-R incubation step with A83-01 and valproic acid (VPA) (n=4). No significant difference was observed between groups.
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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