Submission ID #: 53880
Editor Name:  Petti Pang
Videographer name:  Danae Mauro
Film Date:  Nov 18, 2015
Authors and Affiliations: 

Brevini, Tiziana A.L. 

Laboratory of Biomedical Embryology, 

Unistem, Centre for Stem Cell Research

Università degli Studi di Milano

Milano, Italy

tiziana.brevini@unimi.it 

Pennarossa, Georgia 

Laboratory of Biomedical Embryology, 

Unistem, Centre for Stem Cell Research

Università degli Studi di Milano

Milano, Italy

georgia.pennarossa@unimi.it 

Maffei, Sara 

Laboratory of Biomedical Embryology, 

Unistem, Centre for Stem Cell Research

Università degli Studi di Milano

Milano, Italy

sara.maffei@unimi.it

Zenobi, Alessandro 

Laboratory of Biomedical Embryology, 

Unistem, Centre for Stem Cell Research

Università degli Studi di Milano

Milano, Italy

alessandro.zenobi@unimi.it

Gandolfi, Fulvio 

Laboratory of Biomedical Embryology, 

Unistem, Centre for Stem Cell Research

Università degli Studi di Milano

Milano, Italy

fulvio.gandolfi@unimi.it
Title: Epigenetic conversion as a safe and simple method to obtain insulin-secreting cells from adult skin fibroblasts
Corresponding Author:  Tiziana A.L. Brevini (tiziana.brevini@unimi.it); tel. +39-02-50317970
Co-authors: Georgia Pennarossa, Sara Maffei, Alessandro Zenobi, Fulvio Gandolfi 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) (If you can record images/videos using your own camera/software, then mark No)   

NO. However We draw your attention to the fact that our device can acquire images but cannot record images.

Techinal details about our system is:

1) Steromicroscope and camera Leica MZ75 cable s-video Y/C

2) Inverted microscope Nikon Eclipse TE200 and camera DS2MBW usb 

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 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

2.2, 2.3,    3.2;    3.5.3;    4;    5.3.2 
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 to be filmed by their protocol numbers. (Please do not list an entire section.) ______________________

Note: All the procedures described below must be performed under laminar flow hood in sterile conditions. Make sure that all culture procedures are carried out on thermostatically controlled stages and cells are maintained at 37 °C throughout their handling.

E.  Will the filming need to take place in multiple locations? (Y/N) 

NO

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 convert fibroblasts into insulin secreting cells without inducing pluripotency or using retro-viral vectors. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Prof. Brevini Tiziana A.L.: This method can help answer key questions in the regenerative medicine field, such as cell therapy of diabetes. 
1.2. Prof. Brevini Tiziana A.L.: The main advantage of this technique is that we can obtain a change in phenotype without inducing a stable pluripotent state in the converting cells and without retroviral vectors.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Prof. Brevini Tiziana A.L.: Demonstrating the procedure will be Dr. Pennarossa Georgia, a  post doc from my laboratory.  

1.3.1. Interview style: Author saying the above 

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

Protocol (read by voice talent at JoVE):

2. Skin fibroblast isolation
2.1. To begin this procedure, add 1.5 ml of sterile 0.1% porcine gelatin to the 35 mm petri dishes and allow coating for 2 hours at room temperature [2.1.1-MED-over the shoulder].  Next, wash the human skin biopsies with PBS supplemented with 2% antibiotic antimycotic solution [2.1.2-MED-over the shoulder].
2.1.1. Talent adds 1.5 ml of sterile 0.1% porcine gelatin to the 35 mm petri dishes
2.1.2. *Film as written
2.2. Afterward, place the biopsies in a 100 mm petri dish and cut them into approximately 2 mm3 fragments with sterile scalpels [2.2.1-CU].  Then, place 5-6 skin fragments into the pre-coated 35 mm petri dish [2.2.2-CU].
2.2.1. CU the biopsies as they are cut into approximately 2 mm3 fragments
2.2.2. We first removed gelatin from petri. CU the petri dish as 5-6 skin fragments is placed into it
2.3. Add a droplet of fibroblast medium over each fragment [2.3.1-CU-TXT] and culture them at 37 °C in 5% CO2 [2.3.2-MED].  After 6 days of incubation, discard the tissue fragments carefully [2.3.3-MED-over the shoulder].  The fibroblasts should start to grow out of the tissue fragments and begin to form a cell monolayer [2.3.4-LM].
2.3.1. *Film as written. Text: 100 µl per fragment
2.3.2. Talent places the skin fragments in the incubator
2.3.3. *Film as written
2.3.4. LAB_MEDIA: 01_cellmonolayer_Figure1.tif
3. Fibroblast culture and plating for epigenetic conversion 

3.1. In this procedure, culture the fibroblasts at 37 °C in 5% CO2 until 80% confluence [3.1.1-MED].  Then, plate the cells in new culture dishes [3.1.2-MED-over the shoulder-TXT].  Culture them at 37 °C in 5% CO2 and keep the passage ratio between 1:2 and 1:4, depending on growth rate [3.1.3-CU].
3.1.1. Talent takes the skin fragments out of places the petri in the incubator
3.1.2. *Film as written. Text: without gelatin When confluent, cells are trypzinized and transferred to a new culture dishes (flask)
3.1.3. CU the culture dishes as they are The flask is placed in the incubator
3.2. Next, add 0.1% porcine gelatin to the cell culture dishes, and allow coating for 2 hours [3.2.1-MED-over the shoulder].  Remove excess coating solution 10-30 minutes prior to plating fibroblasts [3.2.2-MED-over the shoulder].  Then, remove the fibroblast culture medium from the culture dishes [3.2.3-CU]. 
3.2.1. Talent adds 0.1% porcine gelatin to the cell culture dishes
3.2.2. *Film as written
3.2.3. CU the culture dish as the fibroblast culture medium is removed 
3.3. Wash the cells three times with PBS supplemented with 1% antibiotic antimycotic solution [3.3.1-MED].  Then, add a thin layer of trypsin-EDTA solution [3.3.2-CU-TXT].  Incubate it at 37 °C [3.3.3-MED] until the cell monolayer begins to detach from the bottom of the tissue culture dish and the cells dissociate [3.3.4-LM].
3.3.1. *Film as written
3.3.2. *Film as written. Text: 0.5 g/l porcine trypsin and 0.2 g/l EDTA
3.3.3. *Film as written
3.3.4. To be submitted by authors. An image to show that the cell monolayer begins to detach from the bottom of the tissue culture dish and the cells dissociate
3.4. After that, dilute the cell suspension with 9 parts of fibroblast culture medium in order to neutralize the trypsin action [3.4.1-MED-over the shoulder].  Then, count the cells using a counting chamber under the microscope at room temperature [3.4.2-MED].  Calculate the volume of fibroblast culture medium required to resuspend the cells and to obtain the cell concentration of 7.8 X 104 fibroblasts/cm2 [3.4.3-CU]. 

3.4.1. Talent dilutes the cell suspension
3.4.1b Cells are moved to counting chamber 

3.4.2. Talent places the cells in the counting chamber under the microscope 
3.4.3. CU the piece of paper where calculation is done
3.5. Subsequently, centrifuge the cell suspension at 150 g for 5 min at room temperature [3.5.1-MED-over the shoulder].  Then, remove the supernatant and resuspend the cells with the calculated volume of fibroblast culture medium [3.5.2.-MED-over the shoulder].  Afterward, plate the cells on the 0.1% gelatin pre-coated [3.5.3-CU] dishes and culture them for 24 hours at 37 °C in 5% CO2 [3.5.4-CU].
3.5.1. Talent places the cell suspension in the centrifuge
3.5.2. *Film as written
3.5.3. *Film as written
3.5.4. Talent places the cells in the incubator
4. Increase cell plasticity using the de-methylating agent 5-aza-CR 

4.1. On Day 0, immediately prior to use, prepare 5-aza-CR stock solution by dissolving 2.44 mg of 5-aza-CR in 10 ml of DMEM high glucose medium [4.1.1-MED-over the shoulder].  Sterilize it by filtration [4.1.2-CU].  Next, dilute 1 µl of 5-aza-CR stock solution in 1 ml of fibroblast culture medium [4.1.3-CU-TXT]. 
      4.1.0    5-aza-CR is weighed 
4.1.1. 5-aza-CR is dissolved in 10 ml of DMEM high glucose medium
4.1.2. *Film as written
4.1.3. CU 5-aza-CR stock solution as it is diluted in fibroblast culture medium. Text: Final concentration of 1 μM
4.2. To increase cell plasticity, 24 hours after cell plating, remove culture medium from the seeded fibroblasts [4.2.1-MED-over the shoulder].  Add 1 µM 5-aza-CR stock solution [4.2.2-MED-over the shoulder] and culture for 18 hours at 37 °C in 5% CO2 [4.2.3-MED]. 
4.2.1. *Film as written
4.2.2. *Film as written
4.2.3. Talent places the culture in the incubator
4.3. On Day 1, prepare fresh HP medium [4.3.1-CU-TXT].  After incubation with 1 µM 5-aza-CR, remove the medium and wash the cells three times with HP medium to ensure that 5-aza-CR is rinsed away [4.3.2-MED-over the shoulder].  Then, incubate the 5-aza-CR-treated fibroblasts with HP medium for 3 hours at 37 °C in 5% CO2 [4.3.3-MED].
4.3.1. CU the prepared HP as it is placed on the bench. Text: HP: Human Pluripotent; See Table 1 in the accompanying manuscript
4.3.2. Talent washes the cells with HP medium
4.3.3. Talent places the 5-aza-CR-treated fibroblasts with HP medium in the incubator
4.4. [4.4.1-MED].  To monitor the efficiency of 5-aza-CR treatment, check for any morphological changes [4.4.2-MED].  Cells should lose the typical elongated morphology of fibroblasts and acquire a smaller round or oval shape, with enlarged nuclei [4.4.3-LM].  
4.4.1. Talent washes the cells with PBS 
4.4.2. Talent places the cells under the microscope
4.4.3. LAB_MEDIA: 03_fibroblastsafter5azaCR_Figure2A.tif
5. Pancreatic differentiation protocol
5.1. On Days 1-6, prepare the Pancreatic Basal Medium and activin A stock solution [5.1.1-MED-TXT].  Then, culture the 5-aza-CR-treated fibroblasts in Pancreatic Basal Medium, supplemented with activin A stock solution [5.1.2-CU] for 6 days at 37 °C in 5% CO2, and change the medium daily [5.1.3-CU].
5.1.1. Talent places two containers labeled with “Pancreatic Basal Medium” and “activin A” stock solution on the bench.  Text:  See accompanying manuscript for details
5.1.2. CU the culture as Pancreatic Basal Medium is added
5.1.3. CU the culture as it is placed in the incubator REUSE BEGINNING OF 4.2.3 (NO TIME DETAIL)
5.2. On Days 7-8, prepare retinoic acid stock solution by adding 16.6 ml of DMSO to 50 mg of retinoic acid [5.2.1-MED].  Culture the cells in Pancreatic Basal Medium supplemented with activin A stock solution and retinoic acid stock solution for 2 days at 37 °C in 5% CO2, and change the medium daily [5.2.2-MED]. 
5.2.1. Retinoic acid is added into pancreatic basal medium
5.2.2. Talent adds Pancreatic Basal Medium mixture to the cells
5.3. On Days 9-36, culture the cells in Pancreatic Basal Medium supplemented with ITS, B27 and bFGF stock solution and change the medium daily for the first 15 days, and refresh the medium every other day from day 16 onward [5.3.1-MED-TXT].  Culture the cells at 37 °C in 5% CO2 [5.3.2-MED].
5.3.1. Talent changes the medium 
5.3.2. Talent places the culture in the incubator.  Text:  See Table 1 in the accompanying manuscript for details
6. Results: Morphological and functional changes during epigenetic conversion 
6.1. This figure shows the morphological changes taking place during the endocrine pancreatic differentiation.  After 7 days of induction, human cells gradually organize in clusters [6.1.1-LM-TXT]. In response to the addition of retinoic acid, they rearrange in a reticular pattern and cluster in distinguishable aggregates [6.1.2-LM-TXT]. These formations progress with time, recruiting cells and aggregating in large 3D colonies [6.1.3-LM-TXT]. Finally, colonies become spherical structures that tend to detach and float freely in the culture medium, reminiscent of typical pancreatic islets in vitro [6.1.4-LM-TXT]. 
6.1.1. 04_day7_Figure3A.tif. Text: Day 7
6.1.2. 05_day10_Figure3A.tif. Text: Day 10

6.1.3. 06_day20_Figure3A.tif. Text: Day 20

6.1.4. 07_day36_Figure3A.tif. Text: Day 36

6.2. After 36 days of pancreatic induction, global DNA methylation levels of human epigenetic converted cells return to those observed in the untreated fibroblasts [6.2.1-LM].  The co-localization of PDX1 with C-PEP is observed at the end of the conversion period [6.2.2-LM], while these endocrine pancreatic markers are completely absent in untreated fibroblasts [6.2.3-LM]. 
6.2.1. 08_5mcday36_Figure3B.tif
6.2.2. 09_pdx1cpepday36_Figure3B.tif
6.2.3. 10_ pdx1cpepfibroblasts_Figure3B.tif
6.3. This graph shows the amount of insulin release from the epigenetic converted cells in response to 20 mM D-glucose and 20 mM L-glucose exposure [6.3.1-LM].
6.3.1. 11_insulinrelease_Figure3C.tif
7. Conclusion (said by authors on camera)

7.1. Prof. Brevini Tiziana A.L.: Once mastered, this technique can be done in 38 days if it is performed properly.

7.2. Prof. Brevini Tiziana A.L.: After its development, this technique paved the way for researchers in the field of regenerative medicine to explore cell therapy of diabetes in human.

7.3. Prof. Brevini Tiziana A.L.: After watching this video, you should have a good understanding of how to convert fibroblasts into insulin secreting cells without inducing pluripotency nor using retro-viral vectors.

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.  

2.3 – 01_cellmonolayer_Figure1.tiff - bright field of cell monolayer at 20X.
4.2 – 02_fibroblasts_Figure2A.tiff - bright field of fibroblasts 24 hours after plating at 20X.

4.4 – 03_fibroblastsafter5azaCR_Figure2A.tiff - bright field of fibroblasts after 5-aza-CR treatment at 20X.
6.1 – 04_day7_Figure3A.tiff - bright field of converted cells at day 7 of induction at 10X.

6.1 – 05_day10_Figure3A.tiff - bright field of converted cells at day 10 of induction at 10X.
6.1 – 06_day20_Figure3A.tiff - bright field of converted cells at day 20 of induction at 20X.
6.1 – 07_day36_Figure3A.tiff - bright field of converted cells at day 36 of induction at 20X.
6.2 – 08_5mcday36_Figure3B.tiff – mono color imaging (5-methylcytidine: red) of converted cells at day 36 at 40X.
6.2 – 09_pdx1cpepday36_Figure3B.tiff – three color imaging (pdx1: red, c-peptide: green, dapi: blue) of converted cells at day 36 at 20X.
6.2 – 10_ pdx1cpepfibroblasts_Figure3B.tiff – three color imaging (pdx1: red, c-peptide: green, dapi: blue) of fibroblasts at 20X.
6.3 – 11_insulinrelease_Figure3C.tiff – graphs showing the amount of EpiCC insulin release.
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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