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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)____N_____  (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)___N_____ 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. ________3.3-3.6_____________________________

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.__ 3.3-3.6___________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to manipulate two murine inducible telomerase knock-in alleles in vivo and in vitro, for studies of tissue degeneration and regeneration, and cancer studies. (Intro)
This is achieved by implanting hydroxy tamoxifen (pronounced as “hahy-drok-see tuh-mok-suh-fuh n”) tablets into animals to reactivate telomerase in vivo. (P1)
Editors, please use P1 of graphic overview.pptx as this point is narrated.  Please animate by starting with the tablet and moving it toward the mouse in an arch-like pattern and then have it disappear into the mouse.
As a second step, neural stem cells are isolated from animals, which are then treated with hydroxy tamoxifen to reactivate telomerase in vitro. (P2)  

Editors, please use P2 of graphic overview.pptx as this point is narrated.  Please animate by starting with the mouse and having the brain move out of the head region in an arch-like pattern.  Then do the same thing for the microscopic image coming out of the brain.
Next, telomere fluorescence in situ hybridization, or FISH, is performed on both cultured cells and formalin-fixed, paraffin-embedded brain tissues in order to check the activity of telomerase. (P3)
Editors, please use P3 of graphic overview.pptx as this point is narrated.  Start with the figure on the left side of P3 and sequentially move into each of the next two figures by fading in from the previous figure.  
The results show that hydroxy tamoxifen treatments can robustly re-activate telomerase activity, which can both alleviate ageing phenotypes and promote tumor formation based on histopathological examination. (P4)
Editors, please use P4 of graphic overview.pptx as this point is narrated.  To animate, start with the top and bottom left figure (cells) in P4.  Then animate the red 4-OHT going into each cell and sort of dissolve to disappear.  Finally, fade from each of the cells into the corresponding cell on the right side of the figure (top left cell into top right cell, bottom left cell into bottom right cell).  Perhaps zoom into the nucleus of each cell to make more visible. 
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).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Jian Hu:  This method can help answer key questions in the ageing and cancer fields, such as whether or not we can slow down the ageing process by modulating telomerase activity, or how to specifically target telomerase to treat cancer.  
1.1.1. MED:  Jian speaks toward the camera, interview style.
1.2. **Jian Hu:  Demonstrating the procedure will be instructor Dr. Takashi Shingu and a technician April Yuan, from my laboratory. 

1.2.1. MED:  Jian speaks toward the camera, interview style.

1.2.2. MED:  Dr. Takashi Shingu looks up from workbench or desk or microscope and acknowledges the camera.
1.2.3. MED:  April Yuan looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Reactivation of telomerase in mTERT-ER and LSL-mTERT mice in vivo
2.1. Begin this procedure with the generation of the mTERT-ER and LSL-mTERT (pronounced as “tert-E-R” and “Lox Stop Lox tert”) alleles as described in the text protocol.  
2.1.1. Title Card
2.2. Sterilize all the surgical tools before the injection.  Proceed to anesthetize the mice as described in the text protocol.  After deep anesthesia is reached, remove the anesthetized animal from the induction chamber, and keep their head inside the tube connected to the isoflurane chamber. 
2.2.1. MED:  Talent sterilizes the surgical tools.
2.2.2. MED-over the shoulder:  Anesthetized mouse in induction chamber as talent pulls the mouse out, keeping their head inside the tube connected to the isoflurane chamber.  Match action in next shot.
2.2.3. CU:  Animal as talent pulls out with the head kept inside the tube connected to the isofluorane chamber.
2.3. Pinch the foot pads of the mice to ensure the animal is deeply anesthetized.  Also, put ointment on both eyes in order to prevent the eyes from drying out.  Wipe the back of the mice with povidone-iodine solution.
2.3.1. MED-over the shoulder:  Talent pinches the foot pads on the mice to ensure the animal is deeply anesthetized.
2.3.2. CU:  Ointment as talent applies to each eye.
2.3.3. MED-over the shoulder:  Talent wipes the back of the mice with povidone-iodine solution. 
2.4. Next, inject a slow-releasing hydroxy tamoxifen pellet with a precision trochar under the skin of the back and push the pellet all the way to the midline between two shoulders.
2.4.1. CU:  Talent injects the slow-releasing 4-OHT pellet under the skin of the back and pushes the pellet all the way to the midline between the shoulders.
2.5. Seal the incision with a wound clip applier and monitor the mice for recovery from anesthesia. 
2.5.1. MED-over the shoulder:  Talent seals the incision with a wound clip applier.
3. Isolation of neural stem cells and reactivation of telomerase in vitro
3.1. Take out the 1-day mouse brains, and keep the forebrains by removing the olfactory bulbs and the cerebellum.  Keep the forebrain tissues in 1 milliliter of cold culture medium and store at 4 degrees Celsius.  Make sure to process the neural tissue within 1 hour. 
3.1.1. MED-over the shoulder: Talent prepares to remove the mouse brains.  Continue action in next shot.
3.1.2. ECU:  Mouse brains as talent removes, keeping the forebrains by removing the olfactory bulbs and cerebellum.
3.1.3. MED-over the shoulder:  Talent places the forebrain tissues in 1mL of cold culture medium.
3.2. Determine the weight of tissue to make sure the 400 milligram limit per digestion is not exceeded.  Place the brain on the lid of a 35 millimeter diameter petri dish, and crush the brain using a scalpel.
3.2.1. CU:  Scale as talent determines the weight of the tissue.
3.2.2. MED-over the shoulder:  Talent places the brain on the lid of a 35 milliliter diameter petri dish.
3.2.3. CU or ECU:  Brain as talent crushes using a scalpel.
3.3. Using a 1 milliliter pipette tip, add 1 milliliter of Hank’s balanced salt solution, or HBSS.  Then, pipette the pieces back into a 15 milliliter tube.  After rinsing with HBSS, centrifuge at 300×g for 2 minutes at room temperature.
3.3.1. MED-over the shoulder:  Talent uses a 1 milliliter pipette tip to add HBSS to the tissue.  Continue action in next shot.
3.3.2. CU:  Tissue as talent pulls pieces back up into the pipette tip and into a 15mL tube.
3.3.3. MED:  Talent places the tube into the centrifuge, shuts lid and starts run.
3.4. After carefully removing the supernatant, add 1,950 microliters of pre-heated enzyme mix 1 per up to 400 milligrams of tissue.  Incubate the sample in the 15 milliliter tube for 15 minutes at 37 degrees Celsius.  Mix the sample by inverting or shaking the tube every 5 minutes.
3.4.1. CU:  Tube with supernatant removed as talent adds 1950 microliters of pre-heated enzyme mix 1 from a labeled container.  TEXT overlay:  see text for solution preparation
3.4.2. MED-over the shoulder:  Talent places the tube into the incubator.
3.4.3. CU:  Tube as talent inverts or shakes to mix.
3.5. Then, prepare 30 microliters of enzyme mix 2 per tissue sample by adding 20 microliters of Solution 3 to 10 microliters of Solution 4.  Then add to the sample, inverting gently to mix. 
3.5.1. MED:  Talent mixes 20 microliters of Solution 3 to 10 microliters of Solution 4 to mix.
3.5.2. MED-over the shoulder:  Sample as talent adds enzyme mix 2 there and then gently inverts to mix.
3.6. Dissociate the tissue mechanically using a wide-tipped, fire-polished Pasteur pipette by pipetting up and down 10 times slowly, avoiding the formation of air bubbles.  Incubate at 37 degrees Celsius for 10 minutes, inverting the tube every 3 minutes.  
3.6.1. CU:  Tissue as talent dissociates it using a wide-tipped, fire-polished Pasteur pipette by pipetting up and down 10 times slowly avoiding air bubbles.
3.6.2. MED-over the shoulder:  Talent places the sample in the incubator.  TEXT overlay:  Repeat this step for tissues > 200 mg
3.7. Next, apply the cell suspension to a 70 micron cell strainer, placed on a 50 milliliter tube.  Apply 10 milliliters of phosphate buffered saline, or PBS, through the cell strainer.  Then, discard the cell strainer and centrifuge the cell suspension at 300 x g for 20 minutes at room temperature.  Following centrifugation, completely aspirate the supernatant.
3.7.1. CU:  70 micron cell strainer, placed on a 50 milliliter tube as talent applies the cell suspension there, followed by 10 mL of PBS.
3.7.2. MED:  Talent places the sample tube into the centrifuge, shuts lid and starts the run.
3.7.3. ECU:  Cell pellet as talent carefully aspirates the supernatant. 
3.8. Resuspend the cells with stem cell medium to the required volume for further applications.
3.8.1. MED:  Talent resuspends the cells in stem cell medium.
3.9. To activate telomerase in LSL-mTERT neural stem cells, treat the cells with 100 microMolar hydroxy tamoxifen for two days.
3.9.1. CU:  Cells as talent adds 100 microMolar hydroxy tamoxifen to the cells.
3.10. To activate telomerase in mTERT-ER neural stem cells, keep the cells in culture medium with 100 microMolar hydroxy tamoxifen .   
3.10.1. MED-over the shoulder:  Cells as talent adds 100 microMolar hydroxy tamoxifen to cell culture medium.
Authors, please confirm the use of “microMolar” in step 3.9/3.10.  In the text protocol, you have “µm,” but I don’t think micrometer is correct here.
4. Telomere FISH
4.1. To perform telomere FISH, first prepare the metaphase chromosomes from cultured cells.
4.1.1. Title Card
4.2. For Formalin Fixed and Paraffin Embedded, or FFPE, tissue sections, deparaffinize the sample in xylene and rehydrate in an ethanol series for 5 minutes each and in PBS for 5 minutes. 
4.2.1. MED-over the shoulder: Talent transfers the sample from a labeled container of xylene to a labeled container of 100% ethanol.  Editors, after the action, please freeze shot, fade and bring in the following TEXT overlay:  100% EtOH, 90% EtOH, 70% EtOH, 50% EtOH, PBS 
4.3. Then, post-fix the sections in a 3 to 1 ratio of methanol to acetic acid for 1 to 2 hours.  Dehydrate the sections in a cold ethanol series for 5 minutes each and air dry.  Wash in 1x PBS at 37 °C for 5 minutes.
4.3.1. MED:  Talent moves sections to a labeled container or methanol/acetic acid.
4.3.2. CU:  Sections as talent moves to a labeled container of 70% ethanol.  Editors, after the action, please freeze shot, fade and bring in the following TEXT overlay:  70% EtOH, 90% EtOH, 100% EtOH
4.3.3. MED-over the shoulder:  Talent leaves sections in PBS in the incubator.
4.4. Next, denature the chromosomes in 4 percent formaldehyde (pronounced as “fawr-mal-duh-hahyd”) at 37 degrees Celsius for 2 minutes.  Dehydrate the sections in a cold ethanol series as before and air dry.
4.4.1. CU:  Labeled container of 70% formamide with sections as talent leaves at 70 degrees Celsius.
4.4.2. MED-over the shoulder:  Talent transfers the sections from the container of formamide to the labeled container of formaldehyde.
4.4.3. MED:  Talent transfers the sections to cold ethanol.
4.5. Once dry, apply 12 to 25 microliters of the Peptide Nucleic Acid hybridization mixture to each slide.  
4.5.1. CU:  Slides as talent applies 12 to 25 microliters of the Peptide Nucleic Acid hybridization mixture there.  TEXT overlay:  see text for recipe
4.6. Seal the cover slip with rubber cement.  Post-denature chromosomal preps and tissue sections at 80 degrees Celsius for 4 minutes.  Then, hybridize at room temperature or 37 degrees Celsius for 2 to 4 hours in a humid chamber.
4.6.1. ECU:  Coverslip over section as talent seals with rubber cement.
4.6.2. MED-over the shoulder: Talent leaves the sections at 80 degrees Celsius.
4.6.3. CU:  Samples as talent leaves at 37 degrees Celsius in humid chamber.
4.7. Next, wash the samples at room temperature with washing buffer for 15 minutes, twice.  Then, wash them at room temperature 5 minutes with PBS and Tween 20, 3 times.  Finally, counter-stain the slides with DAPI or far-red fluorescence for microscopic examination.
4.7.1. MED-over the shoulder:  Talent places the samples into a labeled container of washing buffer.  TEXT overlay:  see text for recipe
4.7.2. MED:  Talent transfers the slides to a labeled container of PBS with Tween 20.
4.7.3. CU:  Slides as talent counter-stains the samples
5. Results: Effect of telomerase reactivation
5.1. When telomerase was transiently reactivated in telomere dysfunctional mice, the degenerative phenotypes could be ameliorated in multiple organs such as the brain… and testes.
5.1.1. LAB MEDIA:  Figure 2.  Editors, please highlight the left side of the figure as “brain” is narrated, and the right side of the figure as “testes” is narrated. 
5.2. To determine the impact of telomerase reactivation on cells cultured in vitro, neural stem cells were isolated from late generation G-4 LSL-mTERT and G-4 mTERT-ER (pronounced as “G-4 Lox Stop Lox tert” and “G-4 tert-E-R”) mice.  When telomerase was reactivated in telomere dysfunctional neural stem cells, the self-renewal capability was greatly increased.  
5.2.1. LAB MEDIA:  52599_Hu_Figure 3A.  Editors, please highlight the top row as G-4 LSL-mTERT is narrated, and the bottom row as G-4 mTERT-ER is narrated.  Then highlight the right column (4OHT) as the last sentence is narrated.
5.3. In vitro neurogenesis was also significantly enhanced. 
5.3.1. LAB MEDIA:  52599_Hu_Figure 3B
5.4. To determine the impact of telomerase reactivation on tumorigenesis in the context of telomere dysfunction, telomerase reactivation by tamoxifen treatment was performed in a prostate tumor model… and a thymic T-cell lymphoma model.  The treatment resulted in greatly enhanced tumorigenesis in both models.  
5.4.1. LAB MEDIA:  52599_Hu_Figure 4.  Editors, please highlight the top row as “prostate tumor model” is narrated and the bottom row as “thymic T-cell lymphoma model” is narrated.  
5.5. Lastly, telomere FISH was performed on FFPE mouse brain tissues… and metaphase chromosomes.  In these images, red indicates DNA, green indicates telomere staining, and cyan indicates centromere staining.
5.5.1. LAB MEDIA:  52599_Hu_Figure 5.  Editors, please highlight the inset as “and metaphase chromosomes” is narrated.  
6. Conclusion (said by authors on camera)
6.1. Jian Hu:  After watching this video, you should have a good understanding of how to activate telomerase activity in mTERT-ER and LSL-mTERT animals and cell lines, and how to use them to study your questions in cancer and ageing.
6.1.1. MED:  Jian speaks 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.
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Figure 5
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


