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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) Yes If yes, please list make and model of your microscope: Axio Observer Z1
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_AS LISTED BELOW : Steps 6.1 to 6.5 (cell loading), Step 2.1 to 2.3 (PDMS fabrication), Step 7 (Imaging I) D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Steps 6 (cell loading)_To ensure success, you need to check cells distribution with every wash and you need to work quickly to avoid drying of the surface the PDMS nanochip_

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Conceptual Narrative:

This experimental system offers a high-throughput methodology for monitoring T-cell mediated cytotoxicity at the single-cell level (Intro). First,  label the effector T cells and tumor target cells with fluorescent dyes (P1). Load both cell types onto the nanowell arrays, and immerse the entire chip in medium containing SYTOX Green and fluorescently labeled annexin V in order to identify both necrotic and apoptotic cells  (P2)  Now record an initial pre-image to determine well occupancy and cell viability at the start of the assay (P3).  After a 6 hour incubation, record a second image (P4). Then use automated image analysis to quantify the antigen-specific lysis of EL4CD19+ by CAR+ T-cells (P5) Results obtained from this highthroughput method can screen antigen-specific lysis of targets by effector cells based on positive staining with SYTOX and Annexin V (P6).

Use 50058fig1.jpg
P1: Start with the two left-most tubes, but have the cells start out gray. Then have the cells become blue or red as shown.
P2: Have the red and blue cells move from the tubes into the Nanowell Array. Then add the pink fluid over the cells/Nanowell Array (end with upper middle image)
P3: Show the two purplish images towards the right, under the “t=0hr”
P4: Add the two far right images under “t=4hr”
P5: Add the two blue arrows between the purplish and far-right images along with the “Killing”and “No Killing” text.
P6: 50058fig2.jpg



B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Ivan Liadi: The main advantage of this technique over existing methods, like Chromium-51 release assay, is that true one-to-one effector-target interactions can be achieved and the cytolytic frequency measured.   
1.2. Gabrielle Romain: The implications of this technique extend toward therapy  of cancer, because it allows to study correlates of efficacy in autologous cell therapy.  


Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Fabrication of arrays of nanowells in PDMS
2.1. To fabricate nanowells using the silicon master, first thoroughly mix the Sylgard 184 elastomer kit base and curing agent at 10:1 weight ratio in a disposable cup using a plastic knife. 
2.1.1. CU/ECU: Talent thoroughly mixes the Sylgard 184 elastomer kit base and curing agent at 10:1 weight ratio in a disposable cup using a plastic knife. 

2.2. Degas the mixture in a vacuum chamber for 1 hour. Then pour the mixture onto the silicon master and let it sit for 30 minutes. 
2.2.1. MED: Talent places the mixture in a vacuum chamber. 
2.2.2. ECU: Talent  pours the mixture onto the silicon master
2.2.3.  ECU: Talent sets timer for 30 minutes. 

2.3. Now to cure the elastomer, heat the assembly in an 80 ºC oven for 2 hours. After cooling at  room temperature for an hour, carefully remove the PDMS nanowell array off the silicon master. Cover it with Scotch tape until use.
2.3.1. MED: Talent places the assembly in an 80 ºC oven. 
2.3.2. ECU: Talent carefully removes the PDMS nanowell array off the silicon master. 
2.3.3. CU: Talent cover it with Scotch tape..

3. Target cell (T) labeling
3.1. A day before the experiment, passage 5 million target cells in 5 mL. The day of experiment, pellet 5 million cells in a sterile 15 mL conical tube by centrifugation at 340 x g for 5 minutes. 
3.1.1. MED/CU: Talent seeds 5 million target cells in 5 mL. 
3.1.2. MED: Talent places  15 mL conical tubes in centrifuge and starts at 340 x g for 5 minutes. 

3.2. Aspirate excess media leaving behind approximately 50 μL of media.
3.2.1. ECU: Talent aspirates excess media leaving behind approximately 50 μL of media.

3.3. To label the cells, add 150 μL of the fresh Cell Tracker Red working solution and mix thoroughly using a P200 pipette. Incubate for 20 minutes at 37 °C with 5% CO2.
3.3.1. CU: Talent adds 150 μL of the fresh Cell Tracker Red working solution and mixes thoroughly using a P200 pipette. 
3.3.2. MED-over-the-shoulder: Talent places cells at 37 °C with 5% CO2.

4. Effector (E) cell labeling
4.1. Using an hemacytometer, enumerate the effector cells harvested from culture. Then pellet 5 million cells in a sterile15 mL conical tube by centrifugation. Aspirate the excess media.
4.1.1. MED: Talent loads hemacytometer, with effector cells (show label on tube).
4.1.2. MED: Talent removes cell pellet in a 15 mL conical tube from centrifuge ( if possible, show settings of 340 x g for 5 mins). 
4.1.3. ECU: Talent aspirates the excess media

4.2. Then add fresh working solution of 5 μM Vybrant DyeCycleViolet Stain and resuspend using P200 pipette. 
4.2.1. ECU: Talent adds fresh working solution of 5 μM Vybrant DyeCycleViolet Stain and resuspends using P200 pipette. 

4.3. Incubate the cells in dye  for 20 minutes  at 37 °C with 5% CO2.
4.3.1. MED/CU: Talent places cells  in incubator.

5. Separation of live and dead cells by Ficoll density gradient
5.1. Add 6.8 mL and 6.0 mL of RPMI-PLGH to target and effector cells, respectively and mix by pipetting. Then slowly layer 3.5 mL of FICOLL-Paque Plus to the bttom of each tube. Centrifuge both tubes at 340 x g for 30 minutes with no brake and acceleration.
5.1.1. MED/CU: Talent adds 6.8 mL and 6.0 mL of RPMI-PLGH to target and effector cells, respectively and mixes by pipetting. 
5.1.2. ECU: Talent slowly layers 3.5 mL of FICOLL-Paque Plus to the bttom of each tube. 
5.1.3. MED: Talent places both tubes in the centrifuge and starts the run (show settings).

5.2. During centrifugation, prepare the nanowell array. First, transfer 7 mL of pre-warmed PBS to a 4-well plate. Clean the bottom of the glass slide with ethanol.  Using a plasma oxidizer, treat the PDMS at high RF setting for 30-45 seconds. Then place the array into the PBS.
5.2.1. WIDE/MED: Talent approaches bench.
5.2.2.  CU: Talent transfers 7 mL of pre-warmed PBS to a 4-well plate. 
5.2.3. ECU: Talent cleans the bottom of the glass slide with ethanol.  
5.2.4. MED/CU: Using a plasma oxidizer, Talent treats the PDMS at high RF setting for a few seconds.
5.2.5. ECU: Talent places the array into the PBS.

5.3. Transfer the plate to a biosafety cabinet and aspirate excess PBS. Apply warm 1% noble agar on the top and bottom edges of the glass slide to immobilize the array. Ensure that you do not let the PDMS dry.
5.3.1. MED/CU: Talent approaches the biosafety cabinet with the plate, and aspirates excess PBS. 
5.3.2. ECU: Talent applies warm 1% noble agar on the top and bottom edges of the glass slide to immobilize the array. 
5.3.3. ECU: Talnet indicates PMDS layer.

5.4. After 10 minutes, add 3 mL PBS and aspirate the excess agar. Then add 3 mL of R10 onto the top of nanowell array and equilibrate for ~10 minutes. 
5.4.1. ECU: Talent adda 3 mL PBS and aspirates the excess agar. 
5.4.2. ECU: Talent adds 3 mL of R10 onto the top of nanowell array.
5.4.3.  MED: Talent sets timer for ~10 minutes. 

5.5. Subsequent to FICOLL centrifugation, aspirate 5 mL media from the top layer of each tube, being careful not to aspirate the layer containing the cells.
5.5.1. CU/ECU: Talent aspirates 5 mL media from the top layer of each Ficoll gradient, being careful not to aspirate the layer containing the cells.

5.6. With a P1000 pipette, harvest the white layer of cells [Text over video: 1-2 mL] between the FICOLL and the media.  Transfer the cells to a new sterile conical tubes. 
5.6.1. ECU: With a P1000 pipette, Talent harvests the white layer of cells  between the FICOLL and the media.  
5.6.2. CU: Talent transfers the cells to new sterile conical tubes. 

5.7. Now wash the harvested effector and target cells twice with 3 mL of pre-warmed RPMI-PLGH. After the final centrifugation, aspirate the excess media and resuspend the cell pellet in 500 μL of R10. 
5.7.1. MED/CU: Talent washes the harvested effector and target cells by adding 3 mL of pre-warmed RPMI-PLGH. 
5.7.2. MED/CU/ Talent centrifuges the harvested cells   
5.7.3. ECU: Talent aspirates the excess media.
5.7.4. ECU: Talent resuspends the cell pellet in 500 μL of R10. 

5.8. Count the viable cells using the Trypan blue exclusion method on a hemacytometer.
5.8.1. MED: Talent count the viable cells at microscope.

6. Cell loading onto Nanowell Array
6.1. Aspirate the excess media from the nanowell array, then add 2 mL of fresh R10. Aspirate again, making sure the top of nanowell array is neither too wet nor too dry as it will affect distribution of cells.
6.1.1. ECU: Talent aspirates the excess media from the nanowell array.
6.1.2.  CU: Talent adds 2 mL of fresh R10. 
6.1.3. ECU: Talent aspirates the R10 – show final array “wetness”

6.2. Now deposit 1 x 105 effector cells in 200 μL of R10 onto the nanowell array surface  Allow the cells to settle for 5 minutes.  Then using a standard tissue culture microscope, verify the desired distribution of the cells. 
6.2.1. ECU: Talent deposits 1 x 105 effector cells in 200 μL of R10 onto the nanowell array surface.
6.2.2.  CU: Talent sets timer for 5 minutes.  
6.2.3. MED: Talent examines cells under standard tissue culture microscope.

6.3. Next, deposit 1 x 105 target cells in 200 μL R10 onto the  nanowell array surface containing the effector cells. After 5 minutes, evaluate cell distribution by microscopy. Then, rinse the nanowell array carefully with 2 mL R10 and aspirate excess media.
6.3.1. ECU: Talent deposits 1 x 105 target cells in 200 μL R10 onto the  nanowell array surface containing the effector cells. 
6.3.2. MED/CU: Talent evaluates cell distribution by microscopy. 
6.3.3. ECU: Talent rinses the nanowell array carefully with 2 mL R10 and aspirate excess media.

6.4. In a separate sterile 15ml conical tube, pipette 3 mL of pre-warmed R10. Add 3μL of 0.5mM SYTOX GreenNucleic Acid Stain and 60 μL of Annexin V- Alexa Fluor 647. Mix thoroughly by pipetting..
6.4.1. MED/CU: In a separate sterile 15ml conical tube, Talent pipettes 3 mL of pre-warmed R10. 
6.4.2. ECU: Talent adds 3μL of 0.5mM SYTOX GreenNucleic Acid Stain and 60 μL of Annexin V- Alexa Fluor 647. 
6.4.3. ECU: Talent mixes thoroughly by pipetting..

6.5. Now gently pipette the stain solution onto the 4-well plate, making sure that the cells are not displaced from the wells. Incubate for 15 minutes at 37 °C /5 % CO2.
6.5.1. ECU: Talent gently pipettes the stain solution onto the 4-well plate, making sure that the cells are not displaced from the wells. 
6.5.2. CU: Talent places plate in incubator..

7. Imaging 
7.1. Acquire images of the nanowell array using a fluorescence microscope like this ZEISS Observer Z-1 microscope equipped with a motorized stage and Lambda-DG4.
7.1.1. WIDE: Talent acquires images (get good shot of instrument set-up: ZEISS Observer Z-1 microscope equipped with a motorized stage and Lambda-DG4.).

7.2. Initialize the software and the microscope. Check the signal intensity on the transmitted light and the other fluorescent channels. Adjust  the microscope setup to ensure maximal signal to noise while avoiding saturation.
7.2.1. SCREEN: Talent initialize the software and the microscope. 
7.2.2. SCREEN: Talent checks the signal intensity on the transmitted light and the other fluorescent channels (show  Annexin V-647 (Cy5 filter), CTR (DsRed filter), SYTOX Green (FITC filter), and Vybrant Violet (DAPI filter)). 
7.2.3. MED-over-the-shoulder: Talent adjusts relevant aspects of  the microscope setup.

7.3. Now open  the X and Y positionlist for the nanowell array. Set the (X,Y) zero position, and zero the focus on the center of 7 x 7 nanowell array block on the top left corner of the nanowell array stamp. 
7.3.1. SCREEN: Talent opens the X and Y positionlist for the nanowell array. 
7.3.2. SCREEN: Talent sets the zero position on the center of 7 x 7 nanowell array block on top left corner, followed by zeroing the focus
[bookmark: _GoBack]

7.4. Set the x,y positions to coincide with the center of each block and the z-value to accurately reflect the focus on each block. Now set the image acquisition in linear mode, and acquire images.
7.4.1. SCREEN: Talent sets the x,y positions to coincide with the center of each block and the z-value to accurately reflect the focus on each block.
7.4.2. SCREEN: Talent sets the image acquisition in linear mode, and acquire images.

7.5. After the first imaging series, return the nanowell arrays to the cell culture incubator for 6 hours, taking care to agitation that can lead to cell displacement. Then repeat acquisition of  the images at the second time-point.
7.5.1. MED/CU: Talent returns the nanowell arrays to the cell culture incubator for 6 hours. 
7.5.2. SCREEN: Talent acquires images at the second time-point.

8. Results: A high-throughput cytolytic assay
8.1. This high-throughput cytolytic assay measures the frequency of antigen-specific lysis. Labeled CD19-specific CAR-positive T cells were co-incubated with labeled mouse EL4 target cells in the individual wells of a nanowell array. 
8.1.1. LAB MEDIA: Figure 2.

8.2. The target cell histogram plots represent wells containing a single effector cell and a single target cell after 6 hours of co-incubation. 
8.2.1. LAB MEDIA:  Figure 2 A and C

8.3. Matched histograms of target cells without effectors were used as negative controls to report the frequency of bacjground cell death. It is desirable to achieve low frequencies of non-specific lysis, in the range of 2  to 4 %. 
8.3.1. LAB MEDIA: Figure 2 B and D.

8.4. The nanowell array can be adapted for time-lapse imaging to allow for the observation of effector-target conjugation and subsequent cell-death. 
8.4.1. LAB MEDIA: Movie 1 (show opening frame)

8.5. Here, unlabeled CAR-positive T  cells were co-incubated with NALM-6-GFP  target cells in a nanowell and subjected to dynamic monitoring. When Annexin V was added to the culture media, the apoptotic cells  label red.
8.5.1. LAB MEDIA: Movie 1 (play again).

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj


9. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

9.1. Ivan Liadi: Once mastered, this technique can be performed properly in 10-12 hours.
9.2. Gabrielle Romain: Following this procedure, other methods like microengraving can be used to determine the cytokine secretion profile of the cells.

       

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, 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.

7.2.1- 50058_Varadarajan_Video1.avi_Screenshot of software and microscope initialisation
7.2.2- 50058_Varadarajan_Video2.avi_Screenshot of checking the signal intensity of brightfield and fluorescence
7.3.1- 50058_Varadarajan_Video3.avi_Screenshot of of opening the position list 
7.3.2- 50058_Varadarajan_Video4.avi_Screenshot of setting up the zero of X and Y, followed by zeroing of focus 
7.4.1- 50058_Varadarajan_Video5.avi_Screenshot of setting up the zero of X and Y and Z in each corner block
7.4.2- 50058_Varadarajan_Video6.avi_Screenshot of setting the linear mode and launching the acquisition
7.5.2- 50058_Varadarajan_Video7.avi_Screenshot of acquiring the second image : changing the name of the folder and relaunching the acquisition



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.
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