
Submission ID #: 56394
Editor Name: Priyanka Das
Videographer name: Gerald Aigner
Film Date: December
Link: http://www.jove.com/files_upload.php?src=17200218

Authors and Affiliations: 
Shukun Chen1*, Amin El-Heliebi1*, Julia Schmid1, Karl Kashofer2, Zbigniew T. Czyz3, Bernhard Polzer3, Klaus Pantel4, Thomas Kroneis1,5, and Peter Sedlmayr1
1Institute of Cell Biology, Histology and Embryology, Medical University of Graz, Graz, Austria
2Institute of Pathology, Medical University of Graz, Graz, Austria
3Fraunhofer Institute for Toxicology and Experimental Medicine ITEM, Regensburg, Germany
4Department of Tumor Biology, University Medical Center Hamburg-Eppendorf, Hamburg, Germany
5Sahlgrenska Cancer Center, University of Gothenburg, Gothenburg, Sweden


Title: Target Cell Pre-enrichment and Whole Genome Amplification for Single Cell Downstream Characterization.



Corresponding Author: 
Thomas Kroneis (Thomas.kroneis@medunigraz.at)





Co-authors:
Shuken Chen (shukun.chen@medunigraz.at)
Amin El-Heliebi (amin.elheliebi@medunigraz.at)
Julia Schmid (Julia.schmid@student.tugraz.at)
Karl Kashofer (karl.kashofer@medunigraz.at0
Zbigniew T.Czyz (zbigniew.czyz@item.fraunhofer.de)
Klaus Pantel (pantel@uke.de)
Peter Sedlmayr (peter.sedlmayr@medunigraz.at)


A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y
Can you record movies/images using your own microscope camera? (Y/N) N
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:
Micromanipulation of cells will be done on an inverted Zeiss microscope (Axiovert M 200, Zeiss) – Here the movies are of low resolution, thus, we need the scope kit.
For imaging fluorescently labelled cells we use another microscope where we can provide appropriate video material (Observer Z1, Zeiss).
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.) steps 3.1, 3.3, 6.2 and 6.4
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.) 6.2 and 6.4. Most difficult is to assure single-cell transfer:
For 6.2 (micromanipulation): In this step we aspirate single cell with a microcapillary. The harvesting is visually monitored during micromanipulation – easy to follow; however, transfer of the cell from the aspiration capillary into the lysis buffer is assumed to be successful if bubbles appear.
For 6.4 (laser microdissection): A harvested cell can be detected after the microdissection in the recovering solution (inside the tube cap). We therefore focus into the cap with the microscope.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? Neighboring labs (< 10 m distance)

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this procedure is to isolate cells from cell suspension in order to make them available for single cell downstream analyses. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Amin El-Heliebi: This method can help answering key questions in the context of liquid biopsy and cellular heterogeneity [1-MED].
1.1.1. Amin speaks towards the camera, interview style. 
1.2. Thomas Kroneis: The main advantage of this technique is that it allows antibody-based isolation of single cells and their recovery for subsequent molecular genetic analysis at the single-cell level [1-MED].
1.2.1. Thomas speaks towards the camera, interview style.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Amin El-Heliebi: Once cleared for its use in patients, this technique will enable characterization of circulating tumor cells from cancer patients [1-MED].
1.3.1. Amin speaks towards the camera, interview style.
1.4. Thomas Kroneis: As this method can provide insight into heterogeneity among single cells, it can be applied to all kinds of cell suspensions containing subpopulations, such as blood samples, samples from cell cultures or dissociated tissues and organs [1-MED].
1.4.1. Thomas speaks towards the camera, interview style.
1.5. Peter Sedlmayr Julia Schmid: We first had the idea for this method, when we used an in-vivo enrichment device not capable of releasing cells for the purpose of downstream analysis [1-MED].
1.5.1. Peter speaks towards the camera, interview style.
1.6. Julia Schmid: Visual demonstration of this method is critical as the steps for harvesting single cells using laser microdissection or micromanipulation are difficult to perform successfully, because the process of harvesting single cells is prone to cell loss and requires a high level of expertise [1-MED].
1.6.1. Julia speaks towards the camera, interview style.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.7. ** Thomas Kroneis: Demonstrating the procedure will be Julia Schmid, an expert in single cell analysis in my lab from my laboratory. (Add additional mention of demonstrators as necessary). (Editor: I cut this because the talent being introduced already had a speaking line)
1.7.1. Interview style: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
2. Preparation of Target Cells
2.1. In 1 milliliter of pre-warmed cell culture medium, re-suspend the HT-29 CFSE labeled cells [1-CU-TXT] and let them regenerate at 37 degrees Celsius for 30 minutes [2-MED over the shoulder]. To harvest the cells, centrifuge at 300 x g for 3 minutes [3-MED over the shoulder]. 
2.1.1. Talent seeds labeled cells in pre-warmed culture medium. Text Overlay: CFSE: Carboxyfluorescein succinimidyl ester
2.1.2. Talent leaves the cells in the incubator and starts the timer. Timer should be in the shot, if possible.
2.1.3. Talent leaves the tube in the centrifuge machine, shuts the lid and starts the run. Centrifuge settings should be in the shot, if possible.
2.2. Then, re-suspend the cell pellet in 1 milliliter of ready-to-use Hoechst 33342 DNA staining solution [1-CU] at 37 degrees Celsius for 10 minutes [2-MED over the shoulder]. Next, centrifuge the cell suspension at 300 x g for 3 minutes [3]. Then, discard the supernatant [3-CU] and re-suspend the cell pellet in 4 milliliters of 1X phosphate buffered saline [3-CU]. 
2.2.1. Talent dissolves the cell pellet in DNA staining solution.
2.2.2. Talent leaves the DNA staining solution-cell mixture at 37 degrees Celsius and starts the timer. Timer should be in the shot, if possible.
2.2.3. *Use shot 2.1.3.
2.2.4. Talent discards the supernatant.
2.2.5. Talent resuspends the cell pellet in buffer.
2.3. Then, count the number of cells using a hemocytometer [1-MED over the shoulder] and check for fluorescence labeling with fluorescence microscope [2-MED over the shoulder-TXT]. Next, centrifuge the cells at 300 x g for 3 minutes [3], discard the supernatant [4] and resuspend the pellet at approximately 500,000 cells per ml [5-CU] and place the cells on ice [6-MED].
2.3.1. Talent counts the number of cells using hemocytometer.
2.3.2. Talent looks under fluorescence microscope. Text Overlay: Fluorescence microscope filters: DAPI and FITC
2.3.3. *Use shot 2.1.3.
2.3.4. *Use shot 2.2.4 Use shot 2.3.4.
2.3.5. Talent resuspends the pellet.
2.3.6. Talent leaves the tube on ice.
3. Charging the Wire 
3.1. In 5 milliliters of peripheral blood, add about 500 to 500,000 cells and then mix by inverting the tube [1-CU]. After removing the wire from the storage compartment [2-CU], remove the rubber cap that holds the wire [3-CU] and wash the wire in 1X phosphate buffered saline [4-CU] and mount it in the cap of the tube [5-CU].
3.1.1. Talent adds cells to the peripheral blood. Talent mixes the cells by inverting the tubes.
3.1.2. Talent removes the wire from the storage compartment.
3.1.3. Talent removes the rubber cap.
3.1.4. Talent washes the wire with the buffer.
3.1.5. Talent punctures the cap of the tube containing the cell mixture with the wire.
3.2. Then, incubate the tube on a tilted roller mixer at 5 rotations per minute for 30 minutes at room temperature [1-MED over the shoulder]. After incubation, rinse the wire in 1X phosphate buffered saline thrice [2-CU]. Then, store the wire in a 15 milliliter tube containing 1X phosphate buffered saline in the dark [3-CU].
3.2.1. Talent loads the tube on a tilted roller mixer and starts the timer. Timer should be in the shot, if possible.
3.2.2. Talent starts washing the wire with the buffer [Shots 3.2.2 and 3.2.3 combined]
3.2.3. Talent stores the wire inside a 15 milliliter tube and leaves the tube in the dark.
3.3. [1-CU or ECU] [2-MED over the shoulder] [3-CU]
3.3.1. Talent loads cell suspension in the tip of the Pasteur pipette. Talent inserts a part of the wire in it. 
3.3.2. Talent leaves the wire in the Pasteur pipette on the work station and starts the timer. Timer should be in the shot, if possible.
3.3.3. Talent turns the Pasteur pipette tip.
(Editor: This was an alternative step – so I’ve cut it completely because it shouldn’t be necessary. The authors may request that it be added back in, but we’ll need to include a text overlay stating that this is an alternative path)
4. Counting Cells on the Wire 
4.1. Draw a rectangle area on a glass slide using a grease pen [1-CU] and add 500 microliters of 1X phosphate buffered saline on it [2-CU]. To immerse the functional part of the wire in 1X phosphate buffered saline, bend the non-functional part of the wire and place it on the glass slide [3-CU].
4.1.1. Talent draws a rectangle on the glass slide with a grease pen.
4.1.2. Talent adds buffer on the slide.
4.1.3. Talent bends a portion of a wire and places on the glass slide.
4.2. To count the number of captured cells, visually inspect both sides of the wire [1-CU]. After inspecting, transfer the wire back in the 15-milliliter tube with 1X phosphate buffered saline and keep in the dark [2]. (should there be a counting step here?)
4.2.1. Talent inspects both sides of the wire.
4.2.2. [bookmark: _GoBack]*Use shot 3.2.3. 4.2.2.
5. Detachment and Recovery of Target Cells
5.1. In 1 milliliter of 1X phosphate buffered saline, dissolve 4 milligrams of the release buffer component [1-CU-TXT]. Then, filter the solution through 0.2 micrometer sterile filter to obtain the ready-to-use buffer [2-CU]. Next, warm the release buffer at 37 degrees Celsius for 5 minutes [3-MED over the shoulder]. 
5.1.1. Talent dissolves reagent in the buffer.  Text Overlay: See the Table of Materials for all reagents and buffers
5.1.2. Talent filters the solution through 0.2 micrometer filter.
5.1.3. Talent starts warming the buffer at 37 degrees Celsius and starts the timer.
5.2. Once warmed, transfer 1.6 milliliter of release buffer to completely fill a 1.5 milliliter reaction tube [1-CU]. Next, incubate the functional part of the wire in the release buffer [2-CU] at 37 degrees Celsius in a water bath for 20 minutes [3-MED over the shoulder].
5.2.1. Talent transfers the buffer to a 1.5 milliliter tube.
5.2.2. Talent dips the wire in the buffer in the 1.5 milliliter tube.
5.2.3. Talent leaves the tube in the water-bath and starts the timer. Timer should be in the shot, if possible.
5.3. After the incubation, place the wire on a shaker at 500 rotations per minute for 15 minutes [1-CU]. Then, centrifuge the wire at 300 x g for 10 minutes [2-MED over the shoulder]. Once the centrifugation is over, displace the wire from the tube, close the cap [3-CU] and centrifuge the tube again at 300 x g for 10 minutes [4].
5.3.1. Talent leaves the wire containing tube on a shaker and starts the timer. Timer should be in the shot, if possible.
5.3.2. Talent leaves the tube in the centrifuge machine, shuts the lid and starts the run. Centrifuge settings should be in the shot, if possible.
5.3.3. Talent removes the wire from the tube. Talent closes the cap. [Shots 5.3.3 and 5.3.4 combined]
5.3.4. *Use shot 5.3.2.-
5.4. To decrease the volume of cell suspension, discard all but 100 microliters of supernatant for micromanipulation or 300 microliters for subsequent cytocentrifugation and laser microdissection [1-CU]. Then, quickly proceed to single-cell sampling.
5.4.1. Talent stores decreases the supernatant according to the desired procedure in two separate tubes.
6. Single-cell sampling
6.1. For micromanipulation, transfer the entire 100 microliters of cell suspension onto a glass slide [1-CU]. Then, place the glass slide on a microscope equipped with a micromanipulator and allow the cells to settle for 5 minutes [2-MED over the shoulder]. Then, in 0.2 milliliter PCR tubes, pipette 2 microliters of cell lysis master mix [3-CU-TXT] and transfer on ice [4-MED].
6.1.1. Talent transfers the cell suspension on the glass slide.
6.1.2. Talent places the glass slide on the microscope and starts the timer. Timer should be in the shot, if possible.
6.1.3. Talent adds cell lysis reagent to 0.2 milliliter PCR tube. Text Overlay: See the text for preparing the cell lysis master mix.
6.1.4. Talent leaves the tube on ice.
6.2. Use the micromanipulator to collect a single cell in 1 microliter of 1X phosphate buffered saline [1-MED over the shoulder SCOPE]. Then, transfer the cell directly into 2 microliters of cell lysis master mix [2-CU]. Use a desktop microfuge to quickly spin down the samples at 2000 x g for 3 seconds [3-MED over the shoulder] to collect the liquid at the bottom of the tube Then, transfer the samples on ice [4-MED]. 
6.2.1. Talent collects the cell using a micromanipulator. Talent transfers the cell in the buffer. (Author Comment: This shot is through the scope)
6.2.2. Talent transfers the cell in cell lysis reagent. 
6.2.3. Talent spins the samples in a desktop microfuge.
 
6.2.4.  *Use shot 6.1.4.

6.2a. 	Amin El-Heliebi: Aspirate only one cell using 1 microliter of buffer at maximum. When transferring the cell into the lysis solution make sure you see bubbles arising from the solution indicating that all the aspirated volume has been transferred [1-MED].

6.2.1a. Amin speaks towards the camera, interview style.

6.3. For laser microdissection, cytocentrifuge the entire 300 microliters of cell suspension onto a membrane-coated slide at 300 x g for 5 minutes [1-MED over the shoulder]. Then, place the membrane-coated slide on a microscope capable of laser microdissection [2-MED over the shoulder]. Next, pipet 4.5 microliters of cell lysis master mix into the cap of the 0.2 milliliter PCR tube [3-CU]. 
6.3.1. Talent leaves the slide in the centrifuge and starts the run. The centrifuge settings should be in the shot, if possible.

6.3.2. Talent leaves the slide on the laser microdissection microscope.

6.3.3. Talent adds cell lysis reagent in the cap of 0.2 milliliter PCR tube and places the cap in the cap holder.
6.4. Place the cap above the sample [1-CU] and harvest single cell by laser microdissection. Directly thereafter check for isolated cells in the PCR cap [2-MED over the shoulder]. Remove the PCR tube from the laser microdissection microscope [3-MED over the shoulder] and close the tube [4-CU]. Collect all the liquid at the bottom of the tube with a short spin [5-Med over the shoulder] and transfer the sample on ice [6-MED].
6.4.1. Talent puts back the cap on the sample.

6.4.2. Talent looks under laser microdissection microscope. Talent checks the PCR cap.


6.4.3. Talent removes the PCR tube from the laser microdissection microscope. [Shots 6.4.3, 6.4.4, and 6.4.5 combined]

6.4.4. Talent closes the PCR tube.

6.4.5. Talent quickly spins the tube.

6.4.6. *Use shot 6.1.4.

6.5. Thomas Kroneis, Step 6.4: Make sure you recover the laser-microdissected cell. Therefore, it is important to cover the entire tube cap with the lysis solution. After microdissection check the tube cap for the presence of the cell [1-MED].

6.5.1. Thomas speaks towards the camera, interview style.
7. Results: Use of Functionalized Wire for ex vivo Characterization and Genomic Analysis at Single Cell Level
7.1. To show cells that are stained with CFSE and Hoechst 33342, immunofluorescence imaging was done before charging the wire, during the cells being attached to the wire, then detached from the wire and finally on the slide [1-LM].
(Editor: I’ve split 7.1 because the VO was too long)
7.1.a. The immunofluorescence images of cells before charging show bright nucleic stain in blue whereas the cytoplasm of the cells show green CFSE stain with heterogeneous inter-cell intensity. Similar staining pattern is also observed for cells that are attached and subsequently detached from the wire [1-LM]. 
LABMEDIA: 56394_Kroneis_Figure 2: Editors, please show images A and E when the VO mentions, “cells before…inter-cell intensity”. Then, please show figures B, F, D, and H in the order one after another when the VO mentions, “cells that…wire”.
7.2. To amplify the whole genome from the single cell obtained, a 1 percent agarose gel was run. The agarose gel shows a DNA smear ranging from 0.2 to >1 kilo base for the PCR products of whole genome amplification. The 4plex quality control PCR products obtained from the single cell yields products of 100, 200, 300 and 400 base pair. Products that show fewer than three bands are excluded from further analysis [1-LM].
LABMEDIA: 56394_Kroneis_Figure 4: Editors, please only show the upper panel of the gel until the numbering of the lanes when the VO mentions, “DNA smear…amplification”. Then please show the lower panel of the gel starting with the numbering of the lanes when the VO mentions, “the 4plex…base pair”. Please point an arrow on the lanes 1,7,10, 13 when the VO mentions, “products…analysis”. 


8. Conclusion (said by authors on camera)
8.1. Julia Schmid: Once mastered, this technique allows isolation of single cells from cell suspensions in four hours if it is performed properly [1-MED].
8.1.1. Julia speaks towards the camera, interview style.
8.2. Julia Schmid: While attempting this procedure, it’s important to remember to keep the cells submerged in buffer, especially during the time the cells are attached to the wire to avoid harming the cells [1-MED].
8.2.1. Julia speaks towards the camera, interview style.
8.3. Amin El-Heliebi: Following this procedure, analysis methods like array-comparative genome hybridization, next generation sequencing and target specific PCR can be performed in order to characterize single cell based on copy number variations and mutations [1-MED].
8.3.1. Amin speaks towards the camera, interview style.
8.4. Thomas Kroneis: After watching this video, you should have a good understanding of how to isolate and recover cells from cell suspension using a functionalized wire and how to sample single cells for multiple downstream molecular genetic analysis [1-MED].
8.4.1. Thomas speaks towards the camera, interview style.
8.5. Peter Sedlmayr Julia Schmid: Don't forget that working with human blood poses the possibility of infection, so wearing gloves and a lab coat are mandatory while performing this procedure [1-MED].
8.5.1. Peter speaks towards the camera, interview style.
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
   

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.


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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