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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.) ___________________________________________

3.6 Assessment, counting and analysis of cells co-stained with DAPI and SA-bgal

4.11 Assessment and quantification of EdU staining.

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.) ___________________________

3.3 Incubate cells and seal plate with parafilm and aluminum foil
4.7 Preparation of EdU staining solution adding components in the right order.

4.8 Incubation of coverslips with label mix. The side containing cells needs to face downwards.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? __Different rooms within the same floor and same building.
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this protocol is to induce senescence in primary fibroblasts and to use common markers to verify that induction was successful. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Demaria M: This method can help answer key questions in the aging and cancer fields, such as how to perform common techniques to induce senescence and to evaluate the senescence phenotype. 
1.2. Demaria M: The main advantage of this technique is that is easy to follow, highly reproducible, does not require expensive and/or special equipment and materials, and it results in induction of senescence in at least 50% of the cell population.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Demaria M: Demonstrating the procedure will be Alejandra Hernandez, a grad student from my laboratory. 

1.3.1. Interview style: Author saying the above 

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

Protocol: (read by voice talent at JoVE)
2. Doxorubicin-induced Senescence
2.1. To begin, seed 7x105 viable primary fibroblasts with a low population doubling, or PD [1-WIDE] in a T75 flask containing 10 mL of D10 [2-CU-TXT]. Incubate the cells in a cell culture incubator at 37 °C with 5% CO2 and 5% O2 overnight [3-WIDE].
2.1.1. Talent sitting at hood suspending cells in medium
2.1.2. Talent seeds cells in T75 flask (TEXT: ~9.3x103 cells/cm2)
2.1.3. Talent places cells into incubator
2.2. Dilute 11 µL of the 1000x doxorubicin stock solution in 11 mL of D10 to a final concentration of 250 nM [1-CU].  Then aspirate the medium from the cells and replace it with 10 mL of D10 + doxorubicin [2-CU].
2.2.1. Talent dilutes doxorubicin
2.2.2. Talent finishes aspirating medium from cells and adds medium with doxorubicin to cells
2.3. Incubate the cells in a cell culture incubator at 37 °C with 5% CO2 and 5% O2 for exactly 24 h [1-WIDE].  Then aspirate the medium and use 10 mL of D10 to carefully wash the cells once [2-CU].
2.3.1. Talent places cells into incubator
2.3.2. Talent finishes aspirating medium and uses D10 to wash the cells once
2.4. Incubate the cells in 10 mL of D10 for another 6 days [1-WIDE] replacing the medium regularly, approximately every 3 days [2-MED/CU-TXT].
2.4.1. Talent removes cells from incubator
2.4.2. Talent replaces medium from cells (TEXT: Test for senescence markers at day 7)
3. Senescence-associated β-galactosidase Staining
3.1. To carry out β-galactosidase staining, for each sample, seed 1x104 cells [1-WIDE/MED] in at least one well of a 24-well plate containing 500 µL of D10 so that the cells are sparse [2-CU-TXT].  Incubate the cells at 37 °C with 5% CO2 and 5% O2 overnight [3-WIDE].
3.1.1. Talent at hood begins to seed cells
3.1.2. Talent seeds cells in 24-well plate with D10 (TEXT: 5.2 x 103 cells/cm2)
3.1.3. Talent places cells into incubator
3.2. The following day, use 500 μL of PBS to wash the cells two times [1-CU].  Then add 500 μL/well of 2% formaldehyde + 0.2% glutaraldehyde in PBS and incubate the cells at RT for 3 - 5 minutes to fix them [2-MED/CU].   Then use 500 (L of PBS to wash the cells twice [3-CU].
3.2.1. Talent uses PBS to wash wells

3.2.2. Talent adds 2% formaldehyde + 0.2% glutaraldehyde in PBS to cells and covers plate to incubate
3.2.3. Talent adds PBS to wells to wash cells
3.3. Next, after preparing fresh staining solution, add 500 (L per well and use parafilm to seal the plate to avoid evaporation, which can cause crystals to form [1-CU].
3.3.1. Talent finishes adding fresh staining solution to plate, covers, then seals with parafilm

3.4. Incubate the cells in the dark at 37 °C in a dry incubator without CO2 for 12 - 16 h [1-WIDE-TXT]. Then use 500 (L of PBS to wash the cells twice [2-CU].
3.4.1. Talent places foil covered plate into incubator (TEXT:  CO2 may affect pH and influence results)
3.4.2. Talent adds PBS to well to wash cells

3.5. Check the cells under a normal light microscope to assess the results [1-MED], where positive cells will appear with blue perinuclear staining [2-LM].
3.5.1. Talent sitting at microscope looking through oculars

3.5.2. LAB MEDIA 57782_Demaria_Figure 1A.tif
3.6. To facilitate visualization and quantification of individual cells, use DAPI as a counterstain [1-LM].  Then using a fluorescent microscope [2-MED], determine the percentage of positive cells versus total number of cells, taking multiple pictures of the same sample to evaluate at least 100 single cells [3-LM]. 
3.6.1. LAB MEDIA 57782_Demaria_Figure 1B.tif
3.6.2. Talent sitting at fluorescent scope places sample on stage and looks through oculars (consider that it is a dark room, since we need to observe the fluorescence)
3.6.3. LAB MEDIA 57782Fig1large.jpg, panel C
4. EdU Incorporation Assay 

4.1. For each sample or condition, place one coverslip/well into a 24-well plate [1-CU].  Seed 1x104 cells with 500 µL of D10 per well so that the cells are sparse [2-CU]. Incubate the cells at 37 °C with 5% CO2 and 5% O2 overnight [3-WIDE].
4.1.1. Talent places coverslips into wells
4.1.2. Talent seeds cells into wells with coverslips
4.1.3. Talent places plate into incubator
4.2. Prepare enough of a 20 µM EdU solution in D10 so that each sample receives 250 μL [1-CU-TXT].
4.2.1. Talent prepares EdU in D10 (TEXT: 1:250)
4.3. Remove half of the medium from each well being treated and replace it with the EdU/D10 solution. The final EdU concentration is 10 µM [1-CU].  Incubate the samples at 37 °C with 5% CO2 and 5% O2 for 18 - 24 hours. Use the same incubation time for control and senescent cells [2-WIDE]. 
4.3.1. Talent finishes removing half medium from wells and adds EdU in D10
4.3.2. Talent places samples, along with control samples into incubator

4.4. After the incubation, use 500 μL of PBS to wash the cells twice [1-CU].  Then add 500 μL of 4% formaldehyde in PBS and incubate the cells for 10 min to fix them [2-CU].
4.4.1. Talent adds PBS to cells to wash
4.4.2. Talent adds formaldehyde to cells and covers plate to incubate

4.5. Following fixation, add 500 (L of 100 mM Tris, pH 7.6 to the samples and incubate them for 5 min [1-CU].
4.5.1. Talent adds Tris to cells and covers to incubate

4.6. Next, add 500 μL of 0.1% Triton X-100 in PBS to the cells and permeabilize them for 10 min [1-CU].  Then use PBS to wash the samples 3x [2-CU].
4.6.1. Talent adds Triton X-100 in PBS to wells 
4.6.2. Talent uses PBS to wash samples 3x
4.7. Prepare 50 μL of label mix for each coverslip, adding the components in the following order: 44.45 µL of PBS, 0.5 µL of Cu(II)SO4 [1-CU], 0.05 µL of sulfo-Cy3-azide, and 5 µL of sodium-ascorbate [2-CU].
4.7.1. Talent prepares label mix by pipetting PBS then Cu(II)SO4
4.7.2. Talent adds sulfo-Cy3-azide and then sodium ascorbate
4.8. Pipette 50 μL of the label mix on a piece of parafilm [1-ECU]. Then, using tweezers and a needle, lift the coverslip and rest it, cell side down, on top of the label mix.  Ensure that there are no bubbles and that the whole surface of the coverslip is touching the label mix [2-ECU].  Incubate the sample in the dark for 30 min [3-CU].
4.8.1. Talent pipettes label mix onto parafilm
4.8.2. Talent places a coverslip, cell side down onto drop of label mix
4.8.3. Talent covers sample to incubate in the dark 
4.9. Put the cells back in the wells of the 24-well plate and use PBS to wash them three times [1-CU].  The use mounting medium with DAPI to mount the samples and let them dry overnight [2-ECU].
4.9.1. Talent finishes placing coverslips back into plate and uses PBS to wash cells
4.9.2. Talent mounts sample with other samples already mounted and covers them to dry
4.10. Use a fluorescence microscope and a filter appropriate for Cy3 to visualize EdU incorporation.  Image at least 100 cells per condition [1-LM-TXT].
4.10.1. LAB MEDIA 57782_Demaria_Figure 2A.tif (TEXT:  Excitation 552/emission 570 nm), Continue to 4.11.
4.11. Finally, quantify the percentage of cells that incorporated EdU by using the following formula.  Carry out gene and protein expression studies according to the text protocol [1-TXT].
4.11.1.  (TEXT:   EdU positive cells (%) = (EdU positive cell count (Cy3) / total cell count (DAPI)) * 100), Editor, use white text on Figure 2A, left side as the background for the calculation.
5. Results: Quantification of Senescence-associated Markers 
5.1. Shown here is are representative images of SA-β-gal staining in proliferating versus senescent primary fibroblasts. Senescent cells look enlarged with an irregular cell body [1-LM]. As mentioned, it can be hard to distinguish individual cells, therefore, co-staining with DAPI facilitates visualization and cell counting [1-LM].
5.1.1. LAB MEDIA 57782_Demaria_Figure 1A.tif, Editor, place the bottom panel to the right of the top panel.  For ‘proliferating,’ add in the word ‘Proliferating’ at the top of the left panel and for ‘senescent primary fibroblasts,’ add in the word ‘Senescent’ at the top of the right panel.
5.1.2. LAB MEDIA 57782_Demaria_Figure 1B.tif, Editor, add in the top two panels first with ‘Proliferating’ at the top left panel and ‘Senescent’ at the top right panel.  Then when DAPI is mentioned, add in the two middle panels, and then the two bottom panels. 
5.2. In this experiment, Sulfo-Cy3-azide was used to perform Copper-Catalyzed Azide-Alkyne cycloaddition to EdU.  If the coupling of the azide to the alkyne has taken place, cells will display fluorescence under a Cy3 filter, distinguishing proliferating from non-proliferating cells [1-LM].
5.2.1. LAB MEDIA 57782_Demaria_Figure 2A.tif, Editor, add in ‘Proliferating’ in white text at the bottom of the left panel and then ‘Senescent’ at the bottom right panel.  At the end of the second sentence, use white arrows to point out several pink blobs in the left panel and then one arrow to point out the one pink spot in the right panel at the bottom right.
5.3. The CDK inhibitors p16 and p21 are often measured as markers of senescent cells.  These graphs show representative relative quantifications of p16 and p21 mRNA in proliferating fibroblasts and cells induced into senescence [1-LM].
5.3.1. LAB MEDIA 57782_Demaria_Figure 3A.tif and 57782_Demaria_Figure 3B.tif, Editor, add the graphs in one at a time.  Then add the text ‘p16’ above panel A and ‘p21’ above panel B when they are mentioned in the second sentence.
5.4. Most senescent cells transcriptionally upregulate several genes encoding for secreted proteins, including IL6.  These results compare the levels of IL6 mRNA and protein in proliferating versus senescent cells [1-LM].
5.4.1. LAB MEDIA 57782_Demaria_Figure 4A.tif and 57782_Demaria_Figure 4B.tif, Editor, add in the panels one at at time, then for the IL6 mRNA, add in the text ‘IL6 mRNA’ at the top of panel A and then add in ‘IL6 Protein’ on top of panel B when protein is mentioned.

6. Conclusion (said by authors on camera)

6.1. Hernandez A.: Once mastered, this technique can be done in 36 hours if it is performed properly.

6.2. Hernandez A.: While attempting this procedure, it’s important to remember to be as quick as possible while handling cells outside of the incubator as changes in oxygen concentrations might affect the results.
6.3. Hernandez A: Following this procedure, other methods like cytokine array or Western blot can be performed in order to answer additional questions like the levels of additional secreted proteins or understanding specific signaling pathways.
6.4. Demaria M: After its development, this technique paved the way for researchers in the field of aging and cancer to explore how senescent cells are involved in physiological and pathological conditions in both mice and humans.
6.5. Demaria M: After watching this video, you should have a good understanding of how to reproducibly induce primary cells into senescence, and how to assess the senescence status.

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.  

5.1.1 57782_Demaria_Figure 1A.tif
5.1.2 57782_Demaria_Figure 1B.tif
5.2.1 57782_Demaria_Figure 2A.tif
5.3.1 57782_Demaria_Figure 3A.tif

5.3.1 57782_Demaria_Figure 3B.tif
5.4.1 57782_Demaria_Figure 4A.tif
5.4.1 57782_Demaria_Figure 4B.tif
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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