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Title: Time-lapse imaging of primary preneoplastic mammary epithelial cells derived from genetically engineered mouse models of breast cancer

What is the single most difficult aspect of this procedure and what do you do to ensure success?  
This is a procedure that is challenging in the execution of multiple steps- all of which must be done properly but I would not say that there is one “most difficult aspect”. 

Will the shoot take place in more than one location? 
yes. In my mind filming would take place in 3 locations: 1) One of the rooms in my lab (521) at the dissection bench, filming the dissection, then processing of tissue to a single cell suspension, working in and out of tissue culture hood- but all same general space. 2) our Microscopy and Imaging Shared Resource that is one floor below in the same building to film placement of the cell cultures under the time lapse microscope (travel time—5 minutes). 3) Return to another of my rooms in my lab (520) to film single cell tracking using TTT on the computer (travel time-5 minutes)

Schematic Overview (read by a voice talent at JoVE)
The overall goal of the following experiment is to determine whether genetic lesions that predispose towards breast cancer alter the behavior of preneoplastic mammary cells in primary culture. (Intro)  This is achieved by isolating primary mammary epithelial cells from genetically engineered mice. (P1)  As a second step, live cell time-lapse imaging is performed over 5-7 days, creating a movie to analyze cell behavior. (P2)   Then, a software program that tracks single cells is utilized to quantify and compare the behavior of cells isolated from different genetically engineered mouse models of breast cancer. (P3)  The results show that specific genetic lesions induce different behaviors in the preneoplastic mammary epithelial cells based on quantitative behavioral analyses performed using single cell tracking (P4)
[image: trackingmethodsfigure]
Video editor: 
P1. Please make a simple petri dish (large round circle) with ~10 cells (small circles) in it.
P2. Have the ~7 of the cells elongate a little, and have ~5 of those elongated cells move together (clump)
P3. Show images D and E (remove the yellow square from E, if possible)
P4. Show image F.  
[bookmark: _GoBack]
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
1.1. Sarah Dabydeen, PhD, Post-doctoral Fellow, Furth Lab: Though this method can provide insight into how different genetic lesions alter the behavior of preneoplastic mammary epithelial cells, it can also be applied to other systems, such as preneoplastic cells from other organs, cancer cells from any organs including the study of possible therapy-induced behavioral changes,  as well as comparisons of stromal cell behavior from normal and cancerous tissue.
1.2. Sarah Dabydeen: Demonstrating the procedure will be Priscilla Furth and  Pete Johnson, from our Imaging and Microscopy Shared Resource here at the Lombardi Comprehensive Cancer Center at Georgetown University.  

Protocol Chapters (read by a voice talent at JoVE):
2. Generation of primary mammary epithelial cell cultures
2.1. Euthanize a mouse and immediately proceed with the necropsy.  Place mouse supine on a styrofoam necropsy platform and secure all four limbs so the ventral skin is taut.
2.1.1. WID: talent at the bench with dead mouse and places it on the Styrofoam, prepares to pin the limbs
2.1.2. CU: pinning the limbs, find a tasteful angle, the tightness of the skin is the key aspect to this, there shouldn’t be anything gruesome about the shot
2.2. Saturate the ventral skin and hair, including the skin on the limbs, with 70% ethanol.
2.2.1.   CU: wetting the hair and skin with alcohol
2.3. Expose the #2/3 and #4/5 mammary glands with a midline incision through the skin.  Extend the incision with two Y-incisions through medial skin of the four limbs. Be careful to not enter the peritoneum.
2.3.1. ECU/SCOPE (the lab doesn’t use a scope, but shooting through a dissection scope may provide us a far better angle for this):  cutting open the skin to the mammary glands, peritoneum pointed out but not ruptured
2.4. Using a blunt dissection, separate the skin from underlying peritoneum.  Pull back on both sides of the skin until it is taut and pin it to the platform.
2.4.1. ECU/SCOPE: separating the skin and pinning it off to the sides
2.5. Beginning at the outer side, use the scissors to make a blunt dissection that isolates the intact inguinal and/or thoracic mammary glands from the underlying connective tissue and muscle.
2.5.1. ECU/SCOPE: isolation of the mammary glands from the animal
2.6. Place one or two mammary glands in a 100 cm Petri dish and move to a tissue culture hood. 
2.6.1. ECU: setting a second mammary gland into a Petri dish
2.6.2. WID: taking dish from dissection bench to culture hood
2.7. Now, examine the glands for mammary lymph nodes: small, well-circumscribed nodules with a yellowish color.  Using scalpel and forceps, remove them from the surrounding gland.  
2.7.1. ECU/SCOPE: an examination of the tissue for nodules, that are then removed, show removal of at least one representative nodule  
2.8. Mince the mammary tissue into millimeter sized cubes using two scalpels. 
2.8.1. ECU/SCOPE: mincing the tissue
2.9. Place the minced mammary tissue in a 50 mL conical tube with 5 mL of Dissociation Media.  Mix it with gentle trituration and incubate it overnight – keep the cap loose. (TEXT:  ≤ 16 hr, 37 °C, 5% CO2)
2.9.1. CU: adding tissue chunks to the 50 mL tube with solution
2.9.2. WID: talent finishes the trituration, loosely caps the 50 ml tube and sets it up to incubate overnight - possible following shot
2.10. The next day, isolate and culture the primary epithelial cells.  (TEXT: Consult the manuscript for details.) 
2.10.1. WID: talent performs an action clearly symbolic of isolating epithelial cells, talent’s choice
2.10.2. WID: talent adding culture to the 6-well plates, at the hood …. Can be filmed in sequence with 3.1.1
3. Live-cell imaging
Authors, the shots you need to provide video for are the SCREEN SHOTS.  
Videographer, there’s no need to film the screen with your lens for screen shots.
3.1. Immediately after plating the cells, position the 6-well plate securely on a microscope stage within an incubation chamber. (TEXT: 100% RH, 37 °C, 5% CO2) Allow the plate to equilibrate for a minimum of 15 minutes.
3.1.1. WID: placing the 6-well plate on the stage of the scope, talent sits at scope, can be a following from hood to the scope if continued from 2.10.1
3.2. Adjust the condenser for Kohler illumination and center the phase rings.  
3.2.1. CU: talent adjusts illumination to Kohler and centers phase rings, show the hands/device 
3.3. Open the image acquisition software, such as Volocity, and create and name a library for the time-lapse images, and save to a location with sufficient space for large files.
3.3.1.  MED: talent turns attention to the computer and opens the Voocity software, a splash screen appears on screen and talent begins to create a library
3.3.2. SCREEN SHOT: make a movie of everything described in the step above
3.4. Lower the lenses to avoid stage-lens interference.  Under the “Stage” heading, select “Calibrate Stage.”  Reacquire the focal plane, set Z=zero under the x, y, z tab and mark imaging points by selecting “Add point” under the “Stage” heading.  
3.4.1. ECU: lowering of the lens
3.4.2. SCREEN SHOT: make a movie of everything described in the step above
3.5. Place imaging points in the middle of each well - phase contrast imaging may be distorted near the periphery of plastic wells.  Arrange points in a square, in 4 x 4 fields (TEXT: 650 µm x 700 µm fields), each with an approximately 5% overlap.  Save the selected points under “Stage.”
3.5.1. SCREEN SHOT: make a movie of everything described in the step above
3.6. Under “Stage” select “Make focus map” and follow the prompts to set the focus of each point.  Then, set the image acquisition timing so it captures the right number of pictures per hour.  Now, save the focus map under “Stage”.
3.6.1. SCREEN SHOT: make a movie of everything described in the step above
3.7. Proceed by right clicking “Image Acquisition” on the right side tool bar.  Then, save the imaging settings.  Press the record button to begin the imaging process. 
3.7.1.  SCREEN SHOT: make a movie of everything described in the step above
3.7.2. WID: talent gets up from the computer, stretches, looks quickly at something worth double checking and leaves the stage
3.8. After an hour, check the focus of the images to see if any adjustment is needed. Monitor and continue the live imaging for 5 days, when the cells become confluent.
3.8.1. WID: talent returns to computer and sits down
3.8.2. SCREEN SHOT: adjusting the focus on cells that are just an hour in culture
3.9. It is critical to monitor the acquired digital images and adjust the focus map frequently during the first 24 hours because the cells will be attaching to the plate.
3.9.1. WID: talent enters room, appearing different (days have passed) and investigates the appearance of the cell plate on the computer
3.9.2. SCREEN SHOT: adjusting focus of cells that are a few days into culture, viewed through the software
3.10. Thereafter, at least twice daily, check that the cells are in focus and the cultures are not contaminated.  
3.10.1. Like 3.9.1, but staged to look later again
3.10.2. SCREEN SHOT: confluent cells, viewed through the software
4. Assessing Cellular Event from Time-lapse Images
4.1. To determine the mechanism of initial colony formation, start with a single-image stack representing one imaging site on the plate.  In the initial frames, the cells will be floating.  
4.1.1. WID: talent is seated at the computer, opens software for above step
4.1.2. SCREEN SHOT: opening the software and showing floating cells in first frames collected
4.2. Epithelial and fibroblast cells can be distinguished by cell morphology. Epithelial cells have a cuboidal shape …
LAB MEDIA: Fig. 1B
4.3. …. and form cell colonies.
LAB MEDIA: Fig. 1A
4.4. Fibroblasts, a type of stromal cell, have an elongated morphology.
LAB MEDIA: Fig. 1C
4.5. Follow the serial images to determine when the first epithelial cell adheres to the plate.  At this step, epithelial cells can be identified and differentiated from fibroblasts by their more cuboidal morphology.  
4.5.1. SCREEN SHOT: demonstrate above step in a screen captured video, hopefully some cuboidal epithelial cells can be shown near fibroblasts
4.6. Follow this single epithelial cell through serial images and follow its fate over the subsequent 24 hours. 
4.6.1. SCREEN SHOT: demonstrate above step in a screen captured video
4.7. Make note if the cell becomes surrounded by additional epithelial cells undergoes cell division or undergoes apoptosis.  
4.7.1. SCREEN SHOT: demonstrate finding a cell surrounded by epithelial cell
4.8. If surrounded by epithelial cells, the mechanism of colony formation can be determined as from the aggregation of surrounding or from cell division. 
4.8.1. SCREEN SHOT: demonstrate above step in a screen captured video
4.9. Record the number of colonies formed by cell aggregation versus cell division during the first 24 hours.
4.9.1. MED: talent at computer, maybe uses a probe to point out a cell aggregate on screen, and makes a note in lab book
4.10. To determine the number of initially adherent cells that undergo apoptosis over a specific time period, follow the serial images for the appearance of classic features of apoptosis developing in a cell that has been adherent.  (TEXT: See www.alsa.org/research/about-als-research/cell-death-and-apoptosis.html)
4.10.1. SCREEN SHOT: demonstrate above step in a screen captured video, do not show the link referred to in the link
4.10.2. SCREEN SHOT: show the splash screen on the browser when you open to www.alsa.org/research/about-als-research/cell-death-and-apoptosis.html 
4.11. Over time, epithelial cells in culture alter their morphology from an initial cuboidal shape to a more elongated appearance consistent with EMT.  Follow the serial images to determine the day and hour after plating when this occurs.
4.11.1. SCREEN SHOT: demonstrate above step in a screen captured video
5. Making Single Cell Fate Maps with Tim’s Tracking Tool (TTT)
5.1. Begin by starting the TTT program, select user initials, and click “Continue.”
5.1.1. MED: talent at computer, angle upward from wrist/mouse to screen – talent opens the TTT program
5.2. Press “Set NAS,” select the user created “TTTexport” folder, and click Ok.  In the browser, select an experiment folder, select a position folder, and then press the “Load position” button.
5.2.1. SCREEN SHOT: demonstrate above step in a screen captured video
5.3. Set the ocular factor to “10x.”  Load the number of images required, which is typically all of the images when using this analysis for the first time. 
5.3.1. SCREEN SHOT: demonstrate above step in a screen captured video
5.4. In the cell editor window, select “New colony” under the File menu.  In the Movie window, press the “Track cell” button or press F2 to begin tracking a cell.
5.4.1. SCREEN SHOT: demonstrate above step in a screen captured video
5.5. Identify a cell in the Movie window and place the cursor over the cell.  A circle with the number of the cell should appear after F2 has been clicked.  Use the zero key on the number pad to track the placement of the cell and advance to the next picture.  
5.5.1. SCREEN SHOT: demonstrate above step in a screen captured video
5.6. Move the cursor to follow the placement of each cell through each frame.  To delete a track and return to the previous image press “Delete” on the number pad.  To move forward frames without tracking the cell press “three,” and to move backward without tracking press “one.”
5.6.1. SCREEN SHOT: demonstrate above step in a screen captured video
5.6.2. CU: pressing “Delete” then pressing “three” and then pressing “one” – Video editor: intersperse 5.6.2 into the 5.6.1 screen shot
5.7. To mark a cell division, in the Movie window click the “Division” button.  To mark cell death, in the Movie window click “Cell death”.  
5.7.1. SCREEN SHOT: demonstrate above step in a screen captured video
5.8. Once a division has occurred, the daughter cells can be tracked in the same cell fate map.  To do this, go to the Cell editor window and right click on the circle symbol of the designated daughter cell – this start tracking mode automatically.  
5.8.1. SCREEN SHOT: demonstrate above step in a screen captured video
5.9. Now, press F10 to save the tree.  Each tree will save in the designated output folder.  To start a new cell fate map, in the Cell editor window select the “Open” menu, click “File” and click “New colony”.
5.9.1. SCREEN SHOT: demonstrate above step in a screen captured video
5.9.2. BROLL: get some action shots of typing and working with computer to analyze these results, looking over-the-shoulder at the various splash screens and stereotypical views of the software packages
5.9.3. BROSS: talents getting together around the computer and pointing out cell characteristics on screen, talking, discussing, debating
5.9.4. BROLL: talents getting up and down from computer for a rest, talking to other talent in between – general lab activity
5.9.5. BROLL: talent having a sip of beverage 
Video editor: use the BROLL footage to break up all the screen shots in sections 3, 4 and 5.

6. Colony Formation in BRCA1 disrupted cells
Authors, throughout this section, each image panel needs to be submitted as its own separate file for the video editing.  See the box below for required image and movie formats.
6.1. Cells were rounded and floating at the onset of imaging.  The size bars equal 200 microns.
LAB MEDIA: Fig. 2A, Fig. 2B, Fig 2C  
6.2. After attachment to the plate they became flat and demonstrated a cuboidal-type appearance.
LAB MEDIA: Fig. 2E
6.3. By 4 days of culture the majority of epithelial cells elongated into an EMT-like morphology.
LAB MEDIA: Fig 2I
6.4. This change occurred with the same chronology in all genotypes studied.  The digital images illustrate differences in intensity of Kohler illumination.  Some adjustment of the condenser to take away Kohler illumination resulted in the optimal clarity.
LAB MEDIA: Fig 2D, Fig 2H, Fig 2L
6.5. The floating cells …
LAB MEDIA: Fig. 3A
6.6. … developed into defined individual epithelial cell colonies by 24 hours after plating. Serial image analysis revealed that these colonies were generated by cell aggregation rather than cell division.  
LAB MEDIA: Fig 3B  
For the above statement, the movie file showing the serial images leading to Fig 3B would be the preferred media to show. 
6.7. While disruption of Brca1 by itself did not alter the number of colonies formed, addition of the Tp53 haploinsufficiency significantly reduced the number of colonies formed. Likewise, addition of ERα over-expression significantly increased the number of colonies formed.
LAB MEDIA: Fig. 3C

7. Conclusion Interview (spoken by you on camera)
7.1. Sarah Dabydeen: Following this procedure, other methods that employ the use of time-lapse imaging combined with single cell tracking can be performed in order to answer additional questions like how specific therapeutic approaches or additional genetic lesions alter cell behavior and may influence either therapeutic response or cancer progression.

8. Acknowledgements
8.1. TEXT: Video Editor:  The author would like to add the following:
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List of Provided Media Filenames and Descriptions (fill this in)

In this space, 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 .tif files at dimensions of at least 720X480 pixels and 300 dpi.  Higher  resolutions are better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Please insert your media filenames here.
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