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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No. We will work with microscope. At the same time, we will provide you videos that were taken in our scope. 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? 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 using the step numbers listed in this document. Live cell microscopy, steps 3.1-3.7

 D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Those steps have been mentioned at the “note” with the steps 3.1-3.7.
 E.  Will the filming need to take place in multiple locations? (Y/N) Yes,  If yes, how far apart are the locations? 3 locations. 1) Office for introduction, 2) Tissue culture, 3) Microscope room. All are in 2 nearby buildings (Cross a street). 
1. Introduction (Schematic Overview and Interview) 
A. Schematic Overview (read by voice talent at JoVE):
**NOTE to Bree:  The authors have requested for our Alex to narrate this video as the JoVE voice talent.
Procedural Narrative:
The overall goal of this procedure is to detect and track reversal of the apoptotic cell death process in cultured cells by live cell microscopy. (Intro)
Healthy cells spread on the substrate, and contain tubular filamentous mitochondria around the nucleus.  However, when cells commit suicide through apoptosis, the dying cells display unique morphological features. (P1)
Editors, please show the left-most illustration of the “healthy cells” at page 1 of Powerpoint.  Then show the middle and right-most illustration of the “apoptotic cells” at page 1 of Powerpoint as the second sentence is narrated.  TEXT overlay:  Nat. Rev. Mol. Cell Biol 2008 8: 231-241
To detect and track reversal of apoptosis, cells are plated into glass bottom cell culture dishes.  The next step is to perform live cell staining to label mitochondria and nuclei.  This allows for detection of morphological features of healthy and apoptotic cells by live cell microscopy. (P2)
Editors, please show the left-most illustration of the “healthy cell from culture dish” at page 2 of Powerpoint as P1 is narrated.  Then animate the “healthy cell” of page 2 by dropping a blue drop of liquid and a red drop of liquid in.  Then make the nucleus of the cell appear a bluish color and around the outer edge of the mitochondria red in color (the cell on the right of page 2 of powerpoint).  
The labeled healthy cells are then exposed to a death stimulus to induce apoptosis.  When apoptosis is detected, the dying cells are washed and then incubated with fresh cell culture medium to allow cell recovery. (P3)
Editors, please animate application of the apoptotic stimulus by bringing in the image red triangle with exclamation point or perhaps a skull and crossbones over the cell (left-most illustration at page 3 of Powerpoint).  Then transition to the image of the “apoptotic cell” (middle illustration at page 3 of Powerpoint).  Then apply the blue drop of liquid to the apoptotic cell and then transition to the “Cell after washed” image but with the staining colors present (right-most illustration at page 3 of Powerpoint). 
Live cell imaging is used to detect and track reversal of apoptosis and its consequences, such as cell repairing and survival, as shown by cell morphological recovery and migration, respectively. (P5)
Editors, please show Movie 1 as this point is narrated. Text overlay: Human cervical cancer HeLa cells, Mitochondria (Text in Red color), Nuclei (Text in blue color). 
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
“2) 61964_Tang_Powerpoint” - Pages 1 to 3.  Note to editors:  Please follow the numbering system and instructions here instead of the text in the powerpoint as they have been modified.

B.  Interview: (Said by you on camera.)  
Note to Editors:  The authors requested this unconventional introduction and it has been approved.
1.1. Ho Lam Tang:  Apoptosis is a type of programmed cell death that plays an essential role to eliminate unwanted or dangerous cells in our body.  This cell suicide process is generally assumed to be irreversible, because once it started, cells die shortly afterward. 
1.1.1. MED:  Hogan speaks toward camera, interview style.

1.2. Ho Lam Tang:  However, we discovered that dying cells can reverse the initiated cell death process at a late stage, and then survive and proliferate, even after they have passed through critical steps that were previously thought to be the point of no return, such as caspase activation, nuclear fragmentation, and apoptotic body formation.  After consulting Greek experts, we adopted the term anastasis, which means “Rising to Life” to describe this phenomenon of reversing apoptosis, and other cell death processes.
1.2.1. WIDE:  Hogan speaks toward camera, interview style.

1.3. Ho Lam Tang:  Anastasis is difficult to detect, because the cells that reversed apoptosis look like normal healthy cells.  However, by continuous live cell imaging, we can observe anastasis in a large portion of the cells.  Mastering this technique allows us to study the regulation of anastasis. 
1.3.1. MED:  Hogan speaks toward camera, interview style.

1.4. Ho Lam Tang:  We proposed that anastasis may heal damaged tissues, but potentially could allow damaged cells to survive and form cancers.  Therefore, identifying mechanisms that control anastasis might offer us new approaches to treat intractable diseases such as cancers, heart failure and degeneration by mediating cell death and survival. 
1.4.1. CU:  Hogan speaks toward camera, interview style.

1.5. Ho Lam Tang:  Demonstrating the procedure today will be a research scientist, Holly Tang, in our laboratory at the Johns Hopkins University. 
1.5.1. MED:  Hogan speaks toward camera, interview style.

1.5.2. MED:  Holly looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Preparation of cells for live cell imaging
2.1. To detect and track anastasis after apoptotic events, time-lapse live cell microscopy is performed to track which cells can reverse apoptosis after transient cell death induction. 
2.1.1. Title Card
2.2. To begin, add 1 milliliter of poly-d-lysine solution to a 35 millimeter cell culture dish with a thinner glass bottom. 
2.2.1. MED:  Talent adds 1 mL of poly-d-lysine solution to a 35 mm cell culture dish with thinner glass bottom.  TEXT overlay:  0.1 mg/mL poly-d-lysine
2.3. Following a 1 minute incubation to coat the glass surface, aspirate the solution and wash the glass with 2 milliliters of phosphate buffered saline. 
2.3.1. CU:  35-mm cell culture plate as talent aspirates the solution and washes the glass with 2 milliliters of PBS from a labeled container.
2.4. To prepare cells, first trypsinize HeLa cells at 80 to 90% confluence. 
2.4.1. MED-over the shoulder:  Talent pipettes trypsin from a labeled container onto HeLa cells at 80-90% confluence.  
2.5. After the cells have detached, add 10 milliliters of 37 degree Celsius medium to suspend the cells.  Then, transfer the cell suspension solution to a 10 milliliter sterile tube to centrifuge at 160 x g for 1 to 2 minutes. 
2.5.1. MED:  Talent adds 10 mL of medium from a labeled container to suspend the cells. TEXT overlay:  DMEM with 10% FBS
2.5.2. CU:  10 mL sterile tube as talent transfers the cell suspension there.
2.6. Following the spin, carefully aspirate the medium.  Do not disturb the cell pellet at the bottom of the tube.  Proceed to resuspend the cells with 2 milliliters of cell culture medium by gentle pipetting.   
2.6.1. MED:  Talent carefully aspirates the medium.  Continue/match action in next shot.
2.6.2. CU or ECU:  Cell pellet left undisturbed as talent aspirates the medium.
2.6.3. MED-over the shoulder:  Talent resuspends the cells with 2 mL of cell culture medium by gentle pipetting.  Use labeled containers.
2.7. Then, seed the suspended cells on 35 millimeter pre-coated glass bottom cell culture dishes.  Incubate the cells in a humidified incubator at 37 degrees Celsius with 5% CO2 for a day.  Adjusting cell numbers may be necessary so that cells can achieve 80% confluency at the time of imaging. 
2.7.1. CU:  35 mm pre-coated glass bottom cell culture dishes as talent seeds the cells that are suspended in 2 mL of culture medium.
2.7.2. MED or WIDE:  Talent approaches the incubator and places the cells there.   
3. Stain live cells with mitochondria and nucleus-labeling dyes
3.1. Mitochondrial and nuclear fragmentation are the morphological hallmarks of apoptosis. To visualize mitochondria and nuclei, perform staining shortly before live cell imaging. 
3.1.1. Title Card.
3.2. Begin the staining protocol by first adding 2 microliters of mitochondrial stain MitoTracker Red (50 μM stock solution) and 2 microliters of DNA stain Hoechst 33342 (10 mg/mL stock solution) in a sterile microcentrifuge tube. 
3.2.1. MED:  Talent adds 2 microliters of mitochondrial stain MitoTracker Red in a sterile microcentrifuge tube.  Use labeled containers.  TEXT overlay:  50 μM MitoTracker Red, 10 mg/mL Hoechst 33342 stock solutions
3.2.2. CU:  Sterile microcentrifuge tube as talent pipettes 2 microliters of DNA stain Hoechst 33342.  Use labeled containers.  TEXT overlay:  50 μM MitoTracker Red, 10 mg/mL Hoechst 33342
3.3. Add 1 milliliter of the conditioned culture medium from the cell culture dish to the microcentrifuge tube and mix well with the stains by pipetting.  Then add the mixture back to the culture dish.  
3.3.1. MED-over the shoulder:  Talent adds 1mL of the conditioned culture medium from the cell culture dish to the microcentrifuge tube and mixes by pipetting.
3.3.2. CU:  Culture dish as talent pipettes the stained solution back to the culture dish.
3.4. After incubating the dish at 37 degrees Celsius with 5% CO2 for 20 minutes, aspirate the medium and wash the stained cells 3 times with 1 milliliter of warm cell culture medium or phosphate buffered saline.  Then incubate the cells with cell culture medium at 37 degrees Celsius with 5% CO2 for an additional 5 minutes. Avoid prolonged staining time, as non-specific background signal of the stained cells could increase due to overstaining. 
3.4.1. MED:  Talent aspirates the medium and washes the stained cells with 1 mL of PBS or cell culture medium.  Use labeled containers.  TEXT overlay:  wash 3x
3.4.2. CU:  Culture dish as talent leaves the cells in the incubator.
3.5. Following incubation, aspirate the medium, wash the cells again, and then continue to incubate the cells with 2 milliliters of cell culture medium at 37 degrees Celsius with 5% CO2. 
3.5.1. MED:  Talent aspirates the medium and washes the cells again.
4. Live cell imaging to detect reversal of apoptosis
4.1. The microscope components must reach thermo-equilibrium to avoid the drift of focus and shift of the x-y plane due to the thermal expansion and contraction of the components.
4.1.1. WIDE:  Microscope system as talent approaches and motions to turn on the environmental control chamber.
4.2. To ensure thermo-equilibrium is achieved, turn on the environmental control chamber and stage incubator to pre-warm up the microscope to 37 degrees Celsius at least 2 hours before imaging starts.
4.2.1. CU:  Microscope as talent turns on the environmental control chamber and the stage incubator.  
4.3. Then, turn on the CO2 regulator to supply 5% CO2 to the environmental control chamber.  When the CO2 supply is not available, CO2 independent medium can be used for supporting cell growth.
4.3.1. MED-over the shoulder:  Talent turns on the CO2 regulator to supply 5% CO2 to the environmental chamber. 
4.4. Prior to imaging, place a drop of Immersion Oil directly on a 40x objective with a 1.4 numerical aperture. 
4.4.1. CU:  Talent places a drop of Immersion Oil directly on a 40x objective with 1.4 numerical aperture.
4.5. Then, gently position the culture dish with stained cells onto the 37 degrees Celsius stage incubator.  Cover the dish with transparent CultFoil to prevent loss of water by evaporation and contamination of the sample.  To perform Differential interference contrast microscopy, do not use the plastic culture dish cover, as plastic can disturb polarity of light.  
4.5.1. MED-over the shoulder:  Talent gently positions the culture dish with stained cells to the 37 degree Celcius stage incubator.
4.5.2. MED:  Talent prepares the CultFoil to cover the plastic culture dish.
4.5.3. CU:  Plastic culture dish as talent covers with transparent CultFoil.
4.6. Next, locate and focus a group of healthy cells that spread on the glass surface with tubular mitochondria and round nuclei.  Choose the cells at or near the center of the culture dish to ensure that the cells are at the same focal plane. 
4.6.1. LAB MEDIA:  Microscope movie_4.6.1:  Microscopy movie as talent locates and focuses a group of healthy cells that spread on the glass surface with tubular mitochondria and round nuclei (that are near the center of the dish). 
4.7. Once in place, take a quick exposure by confocal microscopy to determine the minimal laser intensity and exposure time to obtain clear images of the cells and their organelles.  This step is critical as laser light is phototoxic to the cells; optimization and adjustment are necessary. 
4.7.1. MED-over the shoulder:  Talent takes a quick exposure by confocal to determine the minimal laser intensity and exposure time that can allow clear images of the cells and their organelles.
4.7.2. MED:  Multiple takes of talent working at the microscope computer.  Shot will be reused once.
4.8. To eliminate focus drift, use a continuous automatic focus drift compensation device that uses an infrared light emitting diode.  Alternatively, the focus plane can be corrected manually. 
4.8.1. LAB MEDIA:  Microscope movie_4.8.1:  Microscopy movie as talent enables and uses a continuous automatic focus drift compensation devise to eliminate focus drift.
4.9. When the cells and focal plane are identified, optimize all parameters and take a test image before starting the live cell imaging.  Then, start live imaging to image the healthy cells, with 1 minute intervals for 10 cycles.
4.9.1. Shot 4.6.2 – talent works on the microscope computer.
4.9.2. SCREEN:  Screen capture movie as talent starts the live imaging of cells with 1 minute interval for 10 cycles.
4.10. To induce apoptosis, remove the cell medium with a transparent pipette.  Apply a cell death stimulus that is pre-mixed with the 37 degrees Celsius cell culture medium to the dish.
4.10.1. MED-over the shoulder:  Talent removes the cell medium with a transparent pipette.  
4.10.2. CU:  Cell culture dish as talent applies the cell death stimuli to the dish.  Use labeled containers.
4.11. Following application of the cell death stimulus, adjust the time-interval to image the treated cells to detect apoptosis by capturing morphological hallmarks of apoptosis, such as plasma membrane blebbing, mitochondrial fragmentation, nuclear condensation and fragmentation, cytoplasmic condensation, cell shrinkage and apoptotic body formation.
4.11.1. SCREEN:  Screen capture movie as talent adjusts the time-interval to image the treated cells.
4.11.2. LAB MEDIA:  Microscope movie_4.11.2:  Microscope movie as cells begin to undergo apoptosis, showing some of the listed morphological hallmarks of apoptosis.
4.12. When apoptosis is observed, remove the medium with the cell death stimulus, and apply 2 milliliters of fresh cell culture medium to incubate the cells.  Continue the time-lapse imaging to observe morphological recovery of the cells, and the consequence of anastasis. 
4.12.1. CU:  Dish as talent removes the medium with cell death stimuli and adds 2 mL of fresh cell culture medium.  
4.12.2. MED-over the shoulder:  Talent continues the time-lapse imaging.
5. Results: Tracking reversal of apoptosis by live cell imaging 
5.1. After exposure to the cell death stimulus, apoptotic human lung cancer H446 cells display hallmarks of apoptosis as well as late stage apoptotic events that have been known as the “point of no return” such as nuclear fragmentation and apoptotic body formation.  After the cells are washed with fresh medium, cells regain normal morphology, but display irregular nuclear morphology.
5.1.1. LAB MEDIA:  Movie 2.  Editors, please try to correlate the movie with the text so that “washed” shows up for the last sentence.  TEXT overlay:  Mitochondria (Text in Red color), Nuclei (Text in blue color).  .  
5.2. Shown here are DNA stained HeLa cells displaying normal cell division with DNA of the parent cell separated into the nuclei of 2 daughter cells. 
5.2.1. LAB MEDIA:  Movie 3.  Editors, the speed can be slowed to fit narration if necessary. 
5.3. However, after anastasis, cell division can be abnormal.  In this example, instead of 2 daughter nuclei, 3 major nuclei are formed after the cell division, with formation of micronuclei, indicating genetic alterations in the daughter cells.  This suggests that anastasis could be mutagenic.
5.3.1. LAB MEDIA:  Movie 4 - Editors, the speed can be slowed to fit narration if necessary.  
[added] Ho Man TANG: We can also detect anastasis after cytochrome c release and caspase activation by using cells that express GFP-cytochrome c fusion protein and caspase biosensor, respectively. 

MED:  Ho Man Tang speaks toward camera, interview style.
5.4. During apoptosis, mitochondrial release of cytochrome c triggers caspase activation for cell demolition. 
5.4.1. LAB MEDIA:  Animation on page 4 of “2) 51964_Tang_Powerpoint”
5.5. Shown here are HeLa cells expressing GFP-tagged cytochrome c, which colocalizes with mitochondria.  After apoptotic induction, cytochrome c releases to the cytosol.  However, after the cell is washed with fresh medium, cytosolic cytochrome c reduces back to a normal level. 
5.5.1. LAB MEDIA:  Movie 5.  Editors, please try to correlate the movie with the text so that “washed” shows up for the last sentence.  Speed of the video can be slowed to match the narration. 
6. Conclusion (said by authors on camera).
6.1. Ho Lam Tang:  After watching this video, you should have a good understanding of how to detect anastasis and its consequences by live cells microscopy.  In this demonstration, we used ethanol as a cell death stimulus.  However, various primary cells and cell lines can reverse apoptosis that is induced by other death stimuli such as taxol, staurosporine, and DMSO.  
6.1.1. MED:  Hogan speaks toward camera, interview style.
6.2. Ho Lam Tang:  Fluorescence light is phototoxic to the cells, so that it is important to minimize the light that hits the sample during live cell imaging.  The process of apoptosis, and likely anastasis, depends on temperature sensitive enzymatic activities.  Therefore, maintaining cells at the same temperature throughout the experiment is critical to ensure repeatable results.
6.2.1. CU:  Hogan speaks toward camera, interview style.
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.

Figure 1A – Authors, please provide as a separate file with layers so that our editors can animate/edit its components for the schematic overview.
Answer: powerpoint with animation is attached. 

Powerpoint pages 1 to 3 are for introduction 

Powerpoint page 4 is for results 5.4

Powerpoint pages 5 and 6 are for results 5.5

Movies

Microscope movie_4.6.1:  Microscopy movie as talent locates and focuses a group of healthy cells that spread on the glass surface with tubular mitochondria and round nuclei (that are near the center of the dish). 
Microscope movie_4.8.1:  Microscopy movie as talent enables and uses a continuous automatic focus drift compensation devise to eliminate focus drift.
Microscope movie_4.11.2:  Microscope movie as cells begin to undergo apoptosis, showing some of the listed morphological hallmarks of apoptosis.
Movie 1 – HeLa cells reverse apoptosis. 
Movie 2 – movie of images in figure 1E/F. 
Movie 3 – normal cell division in DNA stained HeLa cells
Movie 4 – movie of images in figure 1G.
Movie 5 – movie of images in figure 2.
SCREEN Capture Movies:

51964_Tang_SCREEN_4.9.2:  Screen capture movie as talent starts the live imaging of cells with 1 minute interval for 10 cycles.
51964_Tang_SCREEN_4.11.1:  Screen capture movie as talent adjusts the time-interval to image the treated 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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


