Submission ID #: 51468

Editor Name: Brigid Stadinski
Videographer name: Matt Lenz
Film Date: 01/06/2014
Authors and Affiliations: 
Gunjan Gakhar1, Neil H. Bander2, David M. Nanus1
1Department of Medicine, Weill Cornell Medical College, New York, 2Department of Urology, Weill Cornell Medical College, New York 

Title: In-vitro method to observe E-selectin-mediated interactions between prostate circulating tumor cells derived from patients and human endothelial cells 

Corresponding Author: 

Nanus, David M.

Department of Medicine

Weill Cornell Medical College

New York, USA

dnanus@med.cornell.edu

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 yes, please list make and model of your microscope: _Zeiss Axiovert 200 with Zeiss Axiocam Mrm camera – Authors, this response was changed to know because we are not calling for any video shots where a microscope shot is necessary for the protocol part of the video.
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  

Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) __N/Zeiss Mrm camera is hooked to the microscope. There is no digital camera. – Authors, this response was changed to know because we are not calling for any video shots where a microscope shot is necessary for the protocol part of the video.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps

Step 1.6 (step numbering taken from the manuscript) Bring the microslide to eye level and using a 1 ml luer-lock syringe, gently perfuse 200 µl of prepared concentration of HUVECs into the channel.  Caution is required at this step to prevent bubble formation.  If the bubbles appear, keep perfusing for a slightly longer time until bubbles enter the outlet channel.

Step 2.3 Fill the 20 ml syringe with warm (37 °C) HUVEC media (12 ml).  Attach the tubing with the connectors onto the syringe.  Remove the bubbles.  Connect this assembly to the microslide.

Step 2.4 Completely fill the inlet of the microslide with HUVEC media.  Bring the filled 20 ml syringe attached to the connector next to the microslide.  Gently attach the connector to the microslide. 

Step 3.2 Resuspend MDA cell pellet in 1 ml H/H buffer (Hanks balanced salt solution/0.1% HSA/10 mM Hepes/1 mM CaCl2).  Add anti-PSMA J591-alexa488 antibody @ 20 µg/ml for 30 min at room temp in a dark place.  Resuspend the cells during the incubation.

Step 5.1 Start the infusion through the microslide @ 10 µl/min.  Observe the interactions between endothelial cells and labeled MDA cells under 488 nm filter on the epifluorescence microscope.  

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

Seeding a monolayer of HUVECs on the microslide is the crucial part of the methodology. To achieve this, few things are done: 

 Warm HUVEC media is used to prevent bubbles

 Bring the microslide to eye level

 Dispense the HUVECs slowly

 Observe under the microscope and if there are few cells, tilt the microslide by 5-10 degrees
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to examine the interactions between rare prostate cancer cells and E-selectin expressing endothelial cells using a microslide flow assembly. (Intro)
This is accomplished by first coating a microslide with fibronectin. (P1)
Please show P1 as this point is narrated.
The second step is to culture human umbilical vein endothelial cells, or HUVECs, in a dynamic flow system on a microslide with a small channel width. (P2)
Please show P2 as this point is narrated.  The red tubes can start out clear and then appear to “fill” with red liquid to animate the illustration.
Next, the prostate cancer cells are labeled with an anti- prostate specific membrane antigen, or PSMA, humanized monoclonal antibody, which gets internalized. (P3)
Please show P3 as this point is narrated.  Please start with the left-most image of the red plate of cells and bring in the arrow to the first and then second tubes.
The final step is to perfuse the anti-PSMA labeled prostate cancer cells over the E-selectin expressing HUVECs. (P4)
Please show P4 as this point is narrated.  The green tubes can start out clear and then appear to “fill” with green liquid to animate the illustration.
Ultimately, video microscopy is used to show the interactions between prostate cancer cells and the endothelial cells. (P5)
Please show P5 as this point is narrated.  Finalpatientfile.avi can also be shown (0.10 – 0.27).  If possible, perhaps the screen can appear to have this video playing and zoomed into as this point is narrated.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Gunjan Gakhar:  The main advantage of this technique over existing methods, like parallel plate flow chamber or other flow dynamic assemblies, is that this method allows us to examine the interactions between rare prostate cancer cells such as circulating tumor cells with the endothelial cells cultured in a dynamic flow system.   
1.1.1. MED:  Gunjan speaks toward camera, interview style.
1.2. Gunjan Gakhar:  This method can help answer key questions in the prostate cancer metastasis field… such as how do prostate circulating tumor cells metastasize through the blood vascular system, and… do prostate cancer cells metastasize by exploiting the same mechanism as being used by leukocytes during their extravasation.  
1.2.1. CU:  Gunjan speaks toward camera, interview style.
1.3. Gunjan Gakhar:  Generally, individuals new to this method will struggle because it involves culturing a monolayer of HUVECs in a narrow channel of a microslide under perfusion.
1.3.1. MED:  Gunjan speaks toward camera, interview style.
Protocol (read by voice talent at JoVE):
2. Culturing HUVECs on microslides for observing circulating tumor cells (CTC) -endothelial interactions
2.1. Under the tissue culture hood, first rinse the microslide with phosphate buffered saline, or PBS.  Then, gently coat the microslide with 200 µl of 50 µg/ml fibronectin using a 1 ml luer-lock syringe.  
2.1.1. MED:  Talent at tissue culture hood rinses the microslide with PBS from a labeled container.  TEXT overlay (as microslide is narrated):  channel width of 1 mm
2.1.2. CU:  Microslide as talent gently coats with 200 µl of 50 µg/ml fibronectin using a 1 ml luer-lock syringe.
2.2. Cover the microslide with the lid and keep it inside the tissue culture hood for 30 minutes.  
2.2.1. MED-over the shoulder:  Talent covers the microslide with the lid and leaves it in the tissue culture hood.
2.3. Next, perfuse 200 µl of warm HUVEC growth medium over the microslide and incubate for 20 minutes at room temperature.  Slow dispensing of the liquid in the microslide prevents bubble formation in the channel.   
2.3.1. MED-over the shoulder:  Talent perfuses 200 µl of warm HUVEC growth medium over the microslide.  TEXT overlay (as “HUVEC” is narrated):  see text for recipe
2.3.2. CU or ECU:  Microslide as the growth medium is slowly dispensed over it.
2.4. During the perfusion, prepare the HUVEC suspension by rinsing HUVECs with PBS and adding 0.1% collagenase plus 0.05% EDTA in PBS  for 1 to 2 minutes at room temperature.  Centrifuge the HUVECs in 2 ml of growth medium at 180 x g for 5 minutes.
2.4.1. MED:  Talent at hood rinses the HUVECs with PBS and adds 0.1% collagenase plus 0.05% EDTA in PBS 0.05% trypsin-EDTA from labeled containers.
2.4.2. MED-over the shoulder:  Talent places the cells into the centrifuge and turns on.
2.5. Then, measure the cell concentration using a hemocytometer and prepare 10 million cells per 100 µl of growth medium.  Next, carefully remove the medium from the inlet of the microslide using a 200 µl pipette tip. 
2.5.1. MED:  Talent at microscope counts the cells using a neubauer hemocytometer.
2.5.2. CU:  Microslide as talent carefully removes the medium from the inlet of the microslide using a 200 µl pipette tip.
2.6. Bring the microslide to eye level and, using a 1 ml luer-lock syringe, gently perfuse 200 µl of the prepared concentration of HUVECs into the channel.  Caution is required at this step to prevent bubble formation.  If the bubbles appear, keep perfusing for a slightly longer time until bubbles enter the outlet channel.  
2.6.1. MED-over the shoulder:  Microslide channel as talent uses a 1 ml luer-lock syringe to gently perfuse 200 µl of prepared concentration of HUVECs into the channel.  
2.6.2. CU:  Microslide as talent continues perfusing until bubbles enter the outlet channel.
2.7. Next, pipette an equal volume of approximately 80 µl of HUVEC medium into both the inlet and outlet of the microslide.  This prevents the flow of cells in either direction.
2.7.1. MED-over the shoulder:  Talent pipettes an equal volume of approximately 80 µl of HUVEC medium in both the inlet and outlet of the microslide.  
2.8. Cover the slide and keep it in a 37 °C incubator for 1.5 hours.
2.8.1. MED:  Talent places the covered slide into a 37 °C incubator.
3. Preparation of flow chamber assembly for overnight HUVEC culture on a microslide
3.1. To begin flow chamber assembly, place a sterile 20 ml syringe, female and male luer connectors, a syringe pump, and tubing, in the incubator for 15 minutes.  For minimal dead volume, use tubing with an inner diameter of 0.04 inches.  Smaller tubing diameter prevents bubble formation.
3.1.1. MED-over the shoulders:  20 ml syringe, luer connectors, and syringe pump as talent places into the incubator.
3.1.2. CU:  Tubing with inner diameter of 0.04 inches as talent places in the incubator.
3.2. Next, fill the 20 ml syringe with 12 ml of warm HUVEC medium.  Attach the tubing with the connectors onto the syringe and remove the bubbles.  Connect this assembly to the microslide.  
3.2.1. MED:  20 ml syringe as talent fills with 12 ml of warm HUVEC medium.  
3.2.2. CU:  Tubing as talent attaches it with the connectors onto the syringe and removes the bubbles.
3.2.3. MED-over the shoulder:  Talent connects this assembly to the microslide.
3.3. Completely fill the inlet of the microslide with HUVEC medium.  Bring the filled 20 ml syringe attached to the connector next to the microslide.  Gently attach the connector to the microslide. 
3.3.1. CU:  Inlet as talent completely fills with HUVEC medium.
3.3.2. MED-over the shoulder:  Talent brings the filled 20 ml syringe attached to the connector next to the microslide.
3.3.3. CU:  Connector as talent gently attaches it to the microslide.
3.4. Bring the set-up into the incubator and connect it to the syringe pump.  Then set the pump to a 10 µl per minute shear rate before leaving the cells overnight in the incubator at 37 °C.
3.4.1. MED:  Talent brings the set-up into the incubator and connects it to the syringe pump.
3.4.2. CU:  Syringe pump as talent sets it to a 10 µl per minute shear rate in the incubator.
3.5. The next day, disassemble the set-up by removing the connector attached to the inlet of the microslide.
3.5.1. MED-over the shoulder:  Talent disassembles the set-up by removing the connector attached to the inlet of the microslide.
3.6. To upregulate E-selectin expression on endothelial cells, prepare fresh growth medium containing interleukin-1 beta.  Aspirate the medium in a 10 ml syringe.  Remove the medium from the inlet of the microslide and connect the syringe to the slide. 
3.6.1. MED:  Talent pipettes interleukin-1 beta from a labeled container into the medium.  TEXT overlay:  see text for recipe
3.6.2. CU:  Talent aspirates the medium into a 10 ml syringe.
3.6.3. MED-over the shoulder:  Talent removes the medium from the inlet of the microslide and connects the syringe to the slide.
3.7. Set the syringe pump at a 10 µl per min shear rate for 4 hours in the incubator.
3.7.1. CU or MED-over the shoulder:  Talent sets the syringe pump to 10 µl per min shear rate for 4 hours.
4. Preparation of anti-PSMA labeled prostate cancer cells
4.1. During interleukin-1 beta incubation of HUVECs, prepare anti-PSMA, alexa488 antibody labeled prostate cancer cells.  
4.1.1. Title Card.
4.2. First add 0.05% trypsin-EDTA to the MDA prostate cancer cells for 1 minute.  Do not expose the cells to trypsin for longer times as it can affect the glycopeptides present on the cell surface.  Centrifuge the cells at 200 x g for 5 minute.
4.2.1. MED:  Talent pipettes 0.05% trypsin-EDTA to the MDA prostate cancer cells.  Match action in next shot.
4.2.2. CU:  MDA prostate cancer cells as talent pipettes 0.05% trypsin-EDTA in.
4.2.3. MED-over the shoulder:  Talent places the cells in the centrifuge and turns on.
4.3. Next, resuspend the MDA cell pellet in 1 milliliter of Hanks buffer and add the anti-PSMA antibody.  Incubate for 30 minutes at room temperature in a dark place, resuspending the cells during the incubation.
4.3.1. CU:  MDA cell pellet as talent resuspends in 1 milliliter of Hanks buffer buffer and adds the anti-PSMA antibody.  TEXT overlay (as Hanks buffer is narrated):  see text for recipe
4.3.2. MED:  Talent leaves the cells to incubate at room temperature in the dark.
4.4. After 30 minutes, centrifuge the cell solution at 800 x g for 5 minutes.  Aspirate and resuspend the pellet in 1 ml of Hanks buffer.  Count the labeled MDA cells and bring the final concentration to one million cells per milliliter.  Fill a 5 ml syringe with the labeled MDA cells and remove the bubbles.
4.4.1. MED-over the shoulder:  Talent places the cell solution into a centrifuge and starts the run.
4.4.2. CU:  Tube as talent aspirates and resuspends the pellet in 1 ml of Hanks buffer.
4.4.3. MED:  Talent uses a pipette to add medium to the cells, bringing them to a final concentration of one million cells per milliliter.
4.4.4. CU:  5 ml syringe as talent fills with the labeled MDA cells and removes bubbles.
5. Preparation of microscope, syringe pump and flow chamber assembly
Editors, please use a zoom bubble to highlight the performed action in the SCREEN capture movies.
5.1. Turn on the inverted microscope and set the Kohler illumination at 10X objective.  Bring the syringe pump at the same level as the sample stage of the microscope and set it at 1 dyne per centimeter square shear stress. 
5.1.1. MED:  Talent turns on the inverted microscope and sets the Kohler illumination at 10X objective.
5.1.2. CU:  Syringe pump as talent brings it to the same level as the sample stage of the microscope and sets it at 1 dyne per centimeter square shear stress. 
5.2. Next, open the Zeiss Axiovision software.  Select the objective on the computer screen.  Create a new folder under the tools option in the software.  Open the smart experiments option in Axiovision and adjust the settings to record short 30 sec videos for 30 minutes.
5.2.1. MED-over the shoulder:  Talent opens the Zeiss Axiovision software.  
5.2.2. SCREEN:  Screen capture movie as talent selects the objective on the computer screen.  Then talent creates a new folder under the tools option in the software.  Then talent opens the smart experiments option in Axiovision and adjusts the settings to record short 30 second videos for 30 minutes.
5.3. For live fluorescent video, set the image options.  These parameters help in attaining videos close to the video frame rate with the Zeiss mRm camera. 
5.3.1. SCREEN:  Screen capture movie as talent sets the image options for live fluorescent video:  12 ms Exposure, 2x2 bin, 5 Gain.
5.4. To visualize full width of the flow channel at 10 X objective on the computer screen, use a C-mount adapter.  Switch on the mercury lamp before placing the syringe and the connector containing the cells onto the syringe pump. 
5.4.1. SCREEN:  Screen capture movie as talent visualizes the full width of the flow channel at 10 X objective on the computer screen, using a C-mount adapter.  
5.4.2. MED-over the shoulder:  Talent switches on the mercury lamp and then places the syringe and the connector containing the cells onto the syringe pump. 
5.5. Next, attach the connector to the filled inlet channel of the microslide containing interleukin-1 beta stimulated HUVECs.  
5.5.1. CU:  Connector as talent attaches to the filled inlet channel of the microslide containing interleukin-1 beta stimulated HUVECs.  
5.6. Connect the outlet channel with the connector attached to the tubing.  Put the tubing into a dish or 15 ml conical tube to collect the flow through.
5.6.1. MED-over the shoulder:  Outlet channel as talent connects with the connector attached to the tubing.
5.6.2. MED:  Talent puts the tubing into a dish or 15 ml conical tube to collect the flow through.
5.7. Start the infusion through the microslide at 10 microliters per minute.  Observe the interactions between endothelial cells and labeled MDA cells or labeled CTCs derived from patients under 488 nm filter on the epifluorescence microscope.  
5.7.1. CU:  Syringe pump as talent starts the infusion through the microslide at 10 microliters per minute.  
5.7.2. MED-over the shoulder:  Talent looking at the computer screen observes the interactions between endothelial cells and labeled MDA cells under 488 nm filter on the epifluorescence microscope.  TEXT overlay:  see text for CTC preparation
5.8. Start recording the experiment as 30 second short videos.  During playback analysis, measure the rolling velocity.  Rolling velocity is measured by dividing the distance traveled by the cells over time.  
5.8.1. SCREEN:  Screen capture movie as talent starts recording the experiment as 30 second short videos.  Then talent plays it back and measures the rolling velocity by dividing the distance traveled by the cells over time.
6. Results: Analysis of interactions between labeled MDA prostate cancer cells and endothelial cells 
6.1. Shown here is an overnight culture of a monolayer of endothelial cells on the microslide. 
6.1.1. LAB MEDIA:  Figure 1 
6.2. The scalings show that 100% of the microslide is visible using 5X objective… while 70% is visible using a 10X objective.
6.2.1. LAB MEDIA:  Figure 1.  Editors, please zoom into the left panel as ‘100% of the microslide is visible using 5X objective” is narrated.  Then, staying zoomed in, slide over to the right panel as “while 70% is visible using a 10X objective” is narrated.
6.3. For E-selectin mediated interactions, cells rolling at the edges are not considered, which makes more than 70% of the microslide available for video-recording and playback analysis.  
6.3.1. LAB MEDIA:  Figure 1.  Editors, please zoom back out to the full figure as this point is narrated.
6.4. The box plot shows the distribution of the rolling velocities of both unlabeled… and anti-PSMA-labeled MDA cells on interleukin-1 beta-stimulated endothelial cells at different shear stress conditions.  No significant difference was observed in the rolling velocities at 1 and 5 dyn/cm2 (pronounced as “dyne per centimeter square”).  
6.4.1. LAB MEDIA:  Figure 2.  Editors, please highlight the 3 grey box plots as “unlabeled” is narrated.  Then highlight the 3 block box plots as “labeled” is narrated.  As the second sentence is narrated, please highlight the 2 sets of box plots at 1 and 5 dyn/cm2.  
6.5. At higher shear stress of 10 dyn/cm2, a statistically significant difference was observed between the rolling velocities of unlabeled and anti-PSMA-labeled MDA cells.  
6.5.1. Figure 2.  Editors, please highlight the 2 box plots at 10 dyn/cm2.
6.6. A time-stitched video shows the different types of interactions between labeled prostate CTCs and interleukin-1 beta-stimulated endothelial cells.  The video shows three types of interactions… tethering, where CTCs attach and reattach… stable adhesion, where CTCs did not detach even after 30 seconds… and no interactions, as non-interacting CTCs enter the field of view.  
6.6.1. LAB MEDIA:  Finalpatientfile.avi.  Editors, please show 0.10 – 0.27 as the first sentence through “where CTCs attach and reattach” is narrated.  Perhaps an arrow can be used to show the moving white circle during this part.  Then show 0.03 – 0.09 as “stable adhesion, where CTCs did not detach even after 30 sec” is narrated.  Perhaps an arrow can be used to show each of the stationary white circles during this part.  Then show 0.00-0.03 as “and no interactions, as non-interacting CTCs enter the field of view” is narrated.  Perhaps an arrow can be used to show the moving, faint large white circle moving through the top of the screen during this part.  
6.7. Microslides can be easily immunostained and fluorescently imaged.  The firm adhesion of anti-PSMA-labeled MDA cells after perfusion over interleukin-1 beta-stimulated endothelial cells can be seen here.
6.7.1. LAB MEDIA:  Figure 3.  Editors, please highlight the yellow arrows as the final sentence is narrated.
7. Conclusion (said by authors on camera)
7.1. Gunjan Gakhar:  After watching this video, you should have a good understanding of how to examine the interactions between rare cells such as prostate circulating tumor cells and E-selectin expressing endothelial cells.
7.1.1. MED:  Gunjan speaks toward camera, interview style.
7.2. Gunjan Gakhar:  Following this procedure, other methods like immunofluorescence can be performed in order to answer additional questions like the presence of E-selectin ligands.
7.2.1. CU:  Gunjan speaks toward camera, interview style.
7.3. Gunjan Gakhar:  Techniques such as these can help  researchers  to examine the steps involved in metastasis.
7.3.1. MED:  Gunjan 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.  
Schematic_Graphic.pptx
Figure 1 – Authors, please provide a version of this figure without the A and B labels.
Figure 2

Figure 3

Finalpatientfile.avi
SCREEN Capture Movies
51468_Nanus_SCREEN_5.2.2:  Screen capture movie as talent selects the objective on the computer screen.  Then talent creates a new folder under the tools option in the software.  Then talent opens the smart experiments option in Axiovision and adjusts the settings to record short 30 second videos for 30 minutes.
51468_Nanus_SCREEN_5.3.1:  Screen capture movie as talent sets the image options for live fluorescent video:  12 ms Exposure, 2x2 bin, 5 Gain.
51468_Nanus_SCREEN_5.4.1:  Screen capture movie as talent visualizes the full width of the flow channel at 10 X objective on the computer screen, using a C-mount adapter.  

51468_Nanus_SCREEN_5.8.1:  Screen capture movie as talent starts recording the experiment as 30 second short videos.  Then talent plays it back and measures the rolling velocity by dividing the distance traveled by the cells over time.
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.
( 2011, Journal of Visualized Experiments


