cSubmission ID #:  57462
Editor Name:  Linda DiBella
Videographer name:  Danae Mauro
Film Date: 
Link:  https://www.jove.com/account/file-uploader?src=17525958
Authors and Affiliations: 

Tito Panciera1, Luca Azzolin1, Daniele Di Biagio1, Antonio Totaro1, Michelangelo Cordenonsi1, Stefano Piccolo1*

1Department of Molecular Medicine, University of Padua School of Medicine, viale Colombo 3, 35126 Padua, Italy

AUTHORS AND AFFILIATIONS:

Tito Panciera (tito.panciera@unipd.it)

Luca Azzolin (luca.azzolin@unipd.it)

Daniele Di Biagio (daniele.dibiagio@unipd.it)

Antonio Totaro (antonio.totaro@unipd.it)

Michelangelo Cordenonsi (michelangelo.cordenonsi@unipd.it)

Stefano Piccolo (piccolo@bio.unipd.it)
Title:  De novo Generation of Somatic Stem Cells by YAP/TAZ

Corresponding Author: 

Stefano Piccolo (piccolo@bio.unipd.it)
Tel: +3 9049 8276098

Fax: +3 9049 8276079

A. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

Can you record movies/images using your own microscope camera? (Y/N)___Y______  

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

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.) _
Steps: 2.2; 3.2; 4.3; 4.7; 5.4; 5.6

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) ________Steps: 2.2; 5.4

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to turn primary differentiated cells into progenitor cells of the same lineage by transient expression of the transcription factor YAP. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Stefano Piccolo: This reprogramming procedure offers the possibility to generate and expand in vitro progenitor cells of various tissues, starting with differentiated cells, even when the endogenous stem cells are rare or difficult to identify. 
1.2. Stefano Piccolo: The straightforward expansion of somatic cells ex vivo has implications for regenerative medicine, for understanding mechanisms of cell plasticity that is also relevant in cancer and for cell, tissue and developmental biology studies.
1.3. Tito Panciera: This procedure fills a black box in the current reprogramming/transdifferentiation arena, because we are not aiming to make specialized cells though iPSC or ES cells differentiation, but tissue specific stem cells from differentiated cells.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects adhere to institutional guidelines at the University of Padua School of Medicine and are approved by OPBA and the Ministry of Health.

Protocol: (read by voice talent at JoVE)
2. Isolation of Primary Mammary Cell Populations
2.1. After sacrificing 10 female mice according to the text protocol [1-WIDE-TXT], dissect the mammary glands by making a Y-shaped incision along the abdominal skin [2-CU]. Then use Dumont forceps to carefully separate the glands from the peritoneum by gently pulling [3-ECU]. Place the dissected glands in a non-cell adhesive dish with 10 mL of ice cold HBSS/PS [4-CU-TXT].
2.1.1. Talent places sacrificed mouse on work station 
2.1.2. Talent makes Y shaped incision along abdominal skin
2.1.3. Talent uses forceps to carefully separate the glands from the peritoneum by gently pulling Video editor: 2.1.3 and 2.1.4 were filmed together. 
2.1.4. Talent places glands in dish with HBSS/PS (TEXT: 20 glands/dish)
2.2. Under a tissue culture hood, use 10 mL of fresh HBSS/PS to wash each gland once and place them in an empty non-cell adhesive dish [1-CU].  Then use two sterile scalpels to finely mince the glands into 1 mm3 fragments [2-ECU].
2.2.1. Talent washes glands with HBSS/PS and pools glands in non-cell adhesive dish
2.2.2. Talent uses two sterile scalpels to finely mince tissue
2.3. Tito Panciera, Step 2.2:   Proper mincing of the glands is essential for efficient cell isolation.  Pool 20 glands together and try to perform this step within 3 - 5 minutes for optimal viability.
2.3.1. Talent recites the above statement looking off camera
2.4. Using a 25-mL serological pipette and 10 mL of dissociation medium, recover the minced tissue from each dish and transfer the suspension in a 50-mL conical tube pipetting at least 5x to disaggregate tissue clumps [1-CU].
2.4.1. Talent recovers minced tissue with dissociation medium and transfers suspension to 50 ml tube and pipettes to disaggregate
2.5. Incubate the tissue at 37 °C for 1 h with continuous vigorous shaking [1-MED/CU-TXT]. Then spin down the digested tissue at 400 x g and room temperature for 5 min [2-MED]. After discarding the supernatant, use 3 mL of hemolytic solution to resuspend the tissue and incubate it on ice for 3 min [3-CU].
2.5.1. Talent places tube at 37 (C with shaking (TEXT: Shake for 10 min more if clumps still present)
2.5.2. Talent places samples into centrifuge and sets speed and time Video editor: This was accidentally slated as 4.5.2
2.5.3. Talent resuspends pellet with hemolytic solution and places on ice Video editor: This was accidentally slated as 4.5.3.
2.6. Next, with 10 mL of wash medium #1, wash the cells [1-CU].  After spinning the digested tissue and discarding the supernatant, resuspend the tissue pellet in 10 mL of wash medium # 2 and plate the cells in 10 cm tissue culture dishes [2-CU-TXT]. Then incubate the dishes at 37 °C for 1 h [3-WIDE].
2.6.1. Talent adds wash medium 1 to cells
2.6.2. Talent resuspends pellet in wash medium 2 and plates cells in culture dishes (TEXT: 400 x g, 5 min), Editor, use the text note for ‘spinning the digested tissue’
2.6.3. Talent places plates into incubator
2.7. Recover the cell suspension into a 50-mL conical tube and spin the tube at 400 x g for 5 min [1-MED]. Then use 10 mL of the Ca2+ chelating solution to resuspend the pellet [2-CU].  Following centrifugation and after repeating the wash, resuspend the pellet in 5 mL of 0.25% Trypsin/EDTA [3-CU-TXT].
2.7.1. Talent places 50 ml tube into centrifuge and starts spin
2.7.2. Talent resuspends pellet with Ca2+ chelating solution

2.7.3. Talent resuspends pellet in trypsin/EDTA (TEXT: 400 x g, 5 min), Editor, use the text note for ‘following centrifugation.’
2.8. After incubating the sample, add 5 mL of dispase solution supplemented with 1 (g/mL of DNase I on top of the trypsin solution [1-CU-TXT]. To disaggregate the clumps, use a 1 mL pipette tip to pipette up and down at least 5 times and [2-CU] incubate the sample at 37 °C for 10 min, shaking every 3 min [3-MED].
2.8.1. Talent adds dispase/DNase I solution on top of trypsin solution (TEXT: 37 (C, 5 min), Editor, use text note for ‘After incubating the sample.’
2.8.2. Talent pipettes up and down Video editor: 2.8.1 and 2.8.2 were filmed together.
2.8.3. Talent removes sample from 37 (C and shakes it then puts it back
2.9. Add 10 mL of wash medium #2 and filter the solution through a 40 (m cell strainer into a new 50 mL conical tube [1-CU]. Then spin down the cell suspension [2-MED-TXT].
2.9.1. Talent adds wash medium and filters solution through strainer 
2.9.2. Talent places suspension into centrifuge (TEXT: 400 x g, 5 min)
3. Purification of Mammary Epithelial Cells by FACS and Seeding of Primary Mammary LD Cells
3.1. To carry out cell purification by FACS, use 200 (L of wash medium #1 to resuspend each pellet [1-CU].  Then add 44.5 (L of antibody mix, pipette thoroughly, and incubate the sample in the dark on ice for 30 min [2-CU]. Dilute the cell suspension in 10 mL of wash medium #1, and spin down the sample [3-CU-TXT].   
3.1.1. Talent resuspends pellet in wash medium 1
3.1.2. Talent adds antibody mix, pipettes and places sample on ice in dark
3.1.3. Talent dilutes cell suspension with wash medium 1 (TEXT: 400 x g, 5 min)
3.2. Resuspend the cell pellet in 2 mL of sorting solution and filter through a cap-strainer FACS tube before proceeding to FACS-separation of the cell populations [1-CU-TXT].
3.2.1. Talent finishes resuspending cells in sorting solution and starts the filtration through a cap-strainer FACS tube (TEXT: Keep cells in the dark) 
3.3. Use wash solution #1 to wash the cells recovered from FACS [1-CU-TXT].  After removing the supernatant, use mammary 2D culture medium to resuspend the cell pellet and plate 500 (L/well on a collagen treated plate [2-MED/CU].
3.3.1. Talent adds wash solution 1 to cells and resuspends (TEXT: Spin at 400 x g for 5 min)
3.3.2. Talent resuspends pellet using mammary 2D culture medium and plates on collagen treated plate
4. Induction of YAP-induced Mammary Stem Cells and Sub-culturing of yMaSCs
4.1. TEXT ON WHITE BACKGROUND:  From this step onward, all procedures should be performed under BSL-2 conditions [1-TEXT].
4.1.1. Text of the above statement
4.2. Seven days after doxycycline induction of lentiviral infected primary LD cells, add 150 (L/well of 0.05% trypsin/EDTA to the cells [1-CU-TXT] and incubate them at 37 (C for 10 min [2-WIDE].
4.2.1. Talent adds trypsin/EDTA to cells (TEXT: Refer to text protocol for details)
4.2.2. Talent places plates into incubator
4.3. Once the cells have been washed and counted, use mammary colony medium supplemented with 2 (g/mL of doxycycline to resuspend them [1-CU].  Then seed 1000 cells/well in 24-well ultralow attachment plates for culturing YAP-expressing MaSC-like colonies [2-CU-TXT].

4.3.1. Talent resuspends medium cells in mammary colony medium w/gentamicin  doxycycline
4.3.2. Talent seeds cells in low attachment plates (TEXT: Refer to text protocol for additional details) Video editor: Clip 4.3.2 is included at the end of 4.3.1.
4.4. To subculture yMaSCs, collect each sample and add a 10:1 volume of ice cold HBSS, then incubate the samples on ice for 1 h in order to solubilize the basement membrane matrix [1-MED/CU].
4.4.1. Talent adds ice cold HBSS to sample and places on ice  
4.5. After spinning down the colonies, use ice cold HBSS to wash the cells three times.  Then add 0.05% trypsin/EDTA to the colonies [1-CU-TXT] and incubate them at 37 (C for 10 min [2-WIDE].
4.5.1. Talent adds HBSS to cells Video editor: This was mis-slated as 2.5.2.
4.5.2. Added shot: then adds trypsin/EDTA to colonies, (TEXT: 180 x g) Video editor: This was named 2.5.2.B but it belongs here. 
4.5.3. Talent places samples into incubator Video editor: This was mis-slated as 2.5.3 but it belongs here. 
4.6. Pass the colonies through a p1000 pipette tip 10x to obtain a single cell suspension [1-CU].  Then count and reseed the cells in mammary colony medium without doxycycline in 24-well ultralow attachment plates at a clonogenic density of 1000 cells/well [2-MED/CU-TXT].  
4.6.1. Talent passes colonies through p1000

4.6.2. Talent reseeds counted cells in 24-well plates (TEXT: Re-passage every 10 – 14 days to assess self-renewal)
4.7. Prior to the third passage, transfer yMaSC colonies in organoid culture conditions by recovering the colonies from the mammary colony medium and use 100% growth factor reduced basement membrane matrix to resuspend them [1-CU].
4.7.1. Talent resuspends recovered colonies in 100% growth factor reduced basement membrane matrix
4.8. Following incubation, when the basement membrane matrix has solidified, overlay the gels with 500 (L of the mammary organoid medium [1-CU-TXT].
4.8.1. Talent overlays the solidified gels with mammary organoid medium (TEXT: 37 (C, 40 min) (TEXT: After 10 – 14 days, passage or process for further analysis), Editor, use the first text note for ‘Following incubation.’
4.9. Passage the cultures by collecting each organoid sample and incubating them in an excess volume of HBSS on ice for 1 hour [1-MED/CU].  Then use ice cold HBSS to wash the organoids 3x [2-CU-TXT].
4.9.1. Talent adds HBSS to a collected sample and places on ice

4.9.2. Talent adds HBSS to pelleted organoids to wash (TEXT: 180 x g 5 min) Video editor: Reuse the clip named 2.5.2
4.10. Trypsinize the organoids as demonstrated earlier in this video and reseed single cell suspensions in a drop of 100% growth factor reduced basement membrane matrix [1-ECU].  Then use 500 (L of mammary organoid medium to overlay the gels [2-CU].

4.10.1. Talent reseeds single cell suspensions in drop of 100% growth factor reduced basement membrane matrix Video editor: Reuse 4.7.1 here
4.10.2. Talent overlays gels with mammary organoid medium Video editor: Reuse 4.8.1 here. 
5. Generation of yDucts

5.1. After washing digested mouse pancreatic tissue according to the text protocol, use 6 mL of acinar recovery medium to carefully resuspend the digested tissue and split it between 2 wells of a 6-well tissue culture plate [1-CU].  Under a stereomicroscope, carefully assess the quality of the acinar isolation and remove any big tissue clumps eventually present [2-LM].

5.1.1. Talent resuspends digested tissue and splits between 2 wells in 6-well plate

5.1.2. LAB MEDIA Figure 2B

5.2. To seed primary pancreatic acini, after incubating the clusters for 2 h for cell recovery, collect the acinar cell suspension in a conical tube [1-CU] and centrifuge the samples at 100 x g and 18 (C for 5 min [2-MED].
5.2.1. Talent collects cell suspension in conical tube

5.2.2. Talent places conical tubes into centrifuge and sets speed and time with temp visible
5.3. Resuspend the acini in acinar culture medium, and seed each dissociated pancreas into 16 wells to obtain an optimal density [1-CU-TXT].
5.3.1. Talent finishes resuspending acini in medium and seed in 16 wells (TEXT: 150 (L/well of 48-well plate) (TEXT: 100 – 120 acinar clusters/well), Editor, use first text note for first part of sentence
5.4. After resuspending acini in acinar culture medium, dilute the suspension with an equal volume of neutralized rat tail collagen I solution, keeping tubes on ice. Mix carefully and quickly [1-CU], and seed the cell suspension in 16 wells on top of the collagen cushion [2-ECU]. 
5.4.1. Talent dilutes acinar suspension with rat tail collagen with tubes on ice and mixes (TEXT: 100 – 120 acinar clusters/well)
5.4.2. Talent sees suspension on collagen cushion in 16 wells (TEXT: 150 (L/well of 48-well plate) Video editor: This was included at the end of 5.4.1.
5.5. Tito Panciera, Step  5.4: For optimal seeding of pancreatic acini, it is crucial to keep all tubes on ice before plating and proceed with speed, but at the same time careful pipetting to avoid air bubble formation is essential for formation of a homogeneous collagen matrix [1-INTERVIEW]. 
5.5.1. Talent recites the above statement looking off camera
5.6. Incubate the cells at 37 °C for 1 h to allow a hydrogel to form [1-WIDE].  Then to induce pancreatic organoids, overlay the collagen hydrogels with 500 (L of acinar culture medium supplemented with doxycycline [2-CU-TXT].
5.6.1. Talent places cell sin cell culture incubator
5.6.2. Talent adds medium with doxycycline (TEXT: 2 (g/mL)
5.7. To sub-culture the organoids, discard the culture medium, carefully extract the hydrogels and transfer them to conical tubes containing 4 mL of collagenase I solution B [1-CU].  Then incubate the tubes at 37 (C with vigorous shaking for 30 min  before spinning down cells and removing the supernatant [2-MED-TXT]. 
5.7.1. Talent transfers a hydrogel into tube with collagenase I solution B
5.7.2. Talent shows suspension and places the tubes in shaking incubator (TEXT: 750 x g, 2 min)
5.8. After trypsinizing the cells and removing the PBS supernatant, use ice cold basement membrane matrix to resuspend the cell pellet and seed the suspension in ultra low attachment plates [1-CU-TXT]. 

5.8.1. Talent finishes resuspending cell pellet and seeds suspension in ultra low attachment plate (TEXT: Refer to text protocol for details) (TEXT: ~150 (L/well of 24-well plates), Editor, use the first text note for the beginning of the sentence and the second note for the seeding. Video editor: reuse 4.7.1 here.
5.9. Let the basement membrane matrix hydrogel solidify by incubating the plates at 37 (C for 40 min [1-WIDE] and then overlay with Pancreatic Organoid Medium. yDucts will grow as cyst-like organoids in 7-10 days [2-CU-TXT].
5.9.1. Talent removes plates from incubator
5.9.2. Talent overlays overlay hydrogels with Pancreatic Organoid Medium (TEXT: 500 (L/well)
6. Results: Reprogramming Primary Mammary LD Epithelial Cells into Mammary Stem Cells, 
6.1. Careful gating of primary mammary LD epithelial cells into the three subpopulations shown here [1-LM], is essential to isolate a pure preparation of LD cells, that are fully differentiated and completely growth arrested when seeded in mammary gland colony forming conditions [2-LM].
6.1.1. LAB MEDIA Figure 1B, Editor, add in the panels one at a time, i, ii, ii, then iv
6.1.2. LAB MEDIA Figure 1C, left panel, Editor, replace the panels in 1B with 1C
6.2. Conversely, when induced to express exogenous YAP, LD cells start proliferating to form easily recognizable dense epithelial colonies in 5% basement membrane matrix suspension cultures [1-LM].
6.2.1. LAB MEDIA Figure 1C, right panel, Editor, place this panel next to the left panel from 6.1.2
6.3. Under basement membrane matrix organoid culture conditions, reprogrammed luminal cells self-organize into complex organoid-like structures that develop around multiple lumens and self-renew even in the absence of doxycycline [1-LM].
6.3.1. 
LAB MEDIA Figure 1E, Editor, add in the panel without the label, then place the label above the panel.

6.4. Within 5 - 7 days of culture in 3D collagen-I based hydrogel in the presence of doxycycline, differentiated pancreatic acini, readily turn into duct-like clusters, or yDucts, composed of a thin monolayer of epithelial cells that proliferate around an expanding central cavity [1-LM].
6.4.1. LAB MEDIA Figure 2C (TEXT: Derived from R26-rtTAM2/tetO-YAPS127A mice), Editor, use the text note for ‘differentiated pancreatic acini.’  At the top of the frame, add the title:  Reprogramming Primary pancreratic acini into duct-like progenitor cells
6.5. The reprogramming efficiency, can be easily measured by scoring the number of duct-like clusters over the total number of seeded acini [1-LM].
6.5.1. LAB MEDIA Figure 2D, Editor, add in the graph with the X axis labels, then add in the Y axis label last. (TEXT:  ~70% for a typical experiment)
6.6. Reprogrammed yDucts can then be passaged at the single cell level into matrigel-based organoid culture conditions, displaying remarkable self-renewal ability even in the absence of endogenous YAP expression [1-LM].
6.6.1. LAB MEDIA Figure 2E, Editor, add in the panel and then place the label at the top of the image.
7. Conclusion (said by authors on camera)

7.1. Tito Panciera: We have detailed two procedures: one allowing reprogramming of FACS- purified cells through lentiviral vectors and a second one that avoids viral infection and takes advantage of transgenic YAP expression.  
7.2. Tito Panciera: While attempting reprogramming of primary mammary LD cells, it’s important to avoid the use of an excessive viral titer, as this can be detrimental in terms of reprogramming efficiency.  
7.3. Tito Panciera: This fully transgenic strategy is appropriate for  primary pancreatic acini, as isolated acinar clusters are scarcely amenable to lentiviral infection and very fragile. It also offers the same advantage of doxycycline-dependent  lentiviral vectors for the tight control of gene expression.  
7.4. Tito Panciera: In addition to the examples demonstrated here, this YAP-reprograming protocol has proven successful for converting differentiated neurons into proliferating neural stem cells.
7.5. Stefano Piccolo: After watching this video, you should have a good understanding on how to perform YAP-dependent reprogramming to convert distinct differentiated cell types derived from different adult tissues into their corresponding tissue-specific stem cells. 
7.6. Stefano Piccolo: YAP reprogramming expands the current induced cell plasticity strategies by providing a means to generate somatic stem cells, and might have broad relevance for regenerative medicine to study somatic stemness and for expansion of somatic stem cells in vitro. 
7.7. Stefano Piccolo: Please consider that handling of lentiviral preparations can be extremely hazardous and biosafety level 2 measures should always be adopted while performing this procedure.   

Provided Media
6.1.1 – Fig.1B.png – Representative FACS plot profile
6.1.2 – Fig.1C,left.png – bright field image of control LD cells seeded in mammary gland colony forming conditions
6.2.1 – Fig.1C,right.png - – bright field image of LD cells expressing exogenous YAP seeded in mammary gland colony forming conditions
6.3.1 – Fig.1E.png – Representative image of a mammary organoid originated from reprogrammed LD cells.
6.4.1 – Fig.2C.png – Representative image of differentiated pancreatic readily turning into duct-like clusters upon YAP expression. 
6.5.1 – Fig.2D.png – Graph showing the reprograming efficiency of differentiated pancreatic acini
6.6.1 – Fig.2E.png – Representative image of yDucts into matrigel-based organoid culture conditions
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.

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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