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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) ___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)__NO____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__2.2-2.3, 4.8-4.11, 4.12-4.14 and 5.2-5.3________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________
The most difficult aspect of the procedure is to assure that the assembled system does not contain air bubbles. The protocol includes steps following which is sufficient to ensure success. The steps for the lower compartment are described in 4.8 and 4.9. The steps for the upper compartment are described in 4.11 through 4.14. 

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 quantitatively measure extravasation of circulating cells toward a chemokine gradient under conditions of physiological shear stress. (Intro)
This is achieved by first culturing a monolayer of endothelial cells onto collagen coated microporous inserts and then assembling them into a flow chamber where they cover a separate static compartment containing chemokines.  Then, shear stress is applied to the cells in order to mimic the physiological conditions in the vasculature. (P1: Begin by showing the insert alone (Dotted line under the blue cells) and add the blue cells.  Then, with the word “assembling” place the insert into the plates.  Add the words “Static well” when the static compartments are mentioned.  With the word “chemokines”, diffuse small dots from the bottom of the lower plate up and out of the static well and continue this from now until the end of P3. With the last sentence add a fluid flow from the left to the right side.)
As a second step, test-cells of interest such as leukocytes, stem cells, or tumor cells are allowed to circulate in the 3D system. During circulation, the contents in the static compartment influence the efficiency of interactions between circulating cells and endothelial cells and subsequently the rate of transmigration of the test cells across the endothelial layer. (P2: With the start of P2, add cells to the fluid.  Continue to show the chemokines coming from the bottom of the lower plate and diffusing towards the insert.  Show the cells (purple) flowing from left to right and have them drop onto the cells above the inserts.  Half way through the last sentence have the cells start to squeeze between the cells on the insert and through the insert into the static well as shown in P3.  There is no need to change their color.)  

Next, the 3D system is disassembled and transmigrated test-cells are collected from the lower static compartment in order to quantitatively measure cell extravasation using various state-of-the art methods. (P3: Start P3 by having a number of cells in the lower compartment that have passed through the insert.  Then remove the upper plate and the insert (with cell coating) and transfer the free floating cells (like the ones shown in yellow) into a test tube.)
Results are obtained that show the ability of circulating test-cells to interact with endothelial cells under conditions of physiological flow and exit the circulation based on the concentration of chemokines in the static compartment. (P4)
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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. Sophia Khaldoyanidi: The main advantage of this technique over existing methods, like the use of parallel laminar flow chambers or static Transwell assays, is that it combines both shear stress in the upper compartment and chemokines in the lower static compartment.  This allows researchers to quantitatively measure extravasation of circulating cells toward chemokine gradient under conditions of physiological flow. (Take 3)
1.2. Sophia Khaldoyanidi: This method can also be used to help study the effects of cross-talk between cells in the local microenvironment and the endothelial cells on extravasation of circulating cells by adding a layer of cells on a separate insert below the endothelial cells. (Take 3)
1.3. **Sophia Khaldoyanidi: Demonstrating the procedure will be Valentina Goncharova, a technician from my laboratory.  

1.3.1. Interview style: Author saying the above  (Take 2)
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. (Take 2)
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. Collagen Precoating of Microporous Inserts 

2.1. To begin, calculate the number of inserts needed for the experiment and place each insert in a separate sterile Petri dish. Sterilize them by gamma irradiation until the total dose reaches 11 Gray, based on individual setups. 
2.1.0.  collecting inserts 

2.1.1. MED: Talent places inserts into separate petri dishes.
2.1.2. MED: Talent places the plates into the irradiator.
2.2. Then, dilute the stock collagen type 1 solution to 50 µg/ml using 0.01 M hydrochloric acid stored at 4 °C and prepare 154 µl aliquots of the final solution for each insert. Next, place several drops from one aliquot onto the surface of the insert in a circular pattern. 
2.2.1. MED: Talent combines the Collagen I solution and 0.01 M HCL then aliquots the master mix into separate tubes.

2.2.2. CU: Talent draws up some solution from an aliquot and drips it onto the surface of the insert in a circular pattern

2.2.2. alt shot (take 2)
2.3. Then, add the rest of the aliquot to form one large drop on the insert’s surface.  Ensure that the pipette tip does not touch the insert at any point and that the collagen covers the entire surface of the insert, but does not drain away.
2.3.1. CU: Talent draws up the rest of the aliquot and forms a large drop on the surface of the insert, using the pipette tip to make sure the entire insert surface gets covered. (take 2)
2.4. Once the insert is covered, place the lid on the petri dish and carefully place it on a flat surface.  Incubate the inserts for 1 hour at room temperature. Following incubation, aspirate the collagen solution and wash the membrane with 160 µl of PBS.
2.4.1. MED: Talent covers the dish and moves it to the side to incubate.

2.4.2. CU: Talent removes the cover of one of the dishes, aspirates the collagen solution and washes the membrane with 160 µl of PBS. (take 3)
2.5. Then, aspirate the PBS, replace the lid and wrap the dish with parafilm. If the inserts will be used on the same day, place the petri dish in a dry place at room temperature. Otherwise, place the dish at 4 °C and use the insert within 7 days.
2.5.1. CU: Talent aspirates the PBS, replaces the lid.

2.5.2. MED: Talent wraps the dish with parafilm and places it in the refrigerator. (take 3)
2.5.3.  MED: Refrigerator
3. Culture of Endothelial Cells on the Upper Inserts

3.1. Harvest cultured human umbilical vein endothelial cells right before use and resuspend them in the desired culture medium at 2500,000 cells per milliliter. When counting the cells, ensure that the cell viability is greater than 98% using trypan blue. 
3.1.1. MED: Talent removes plate of cells from the incubator and places them into the TC hood.

3.1.2. CU: Talent removes small sample from the resuspended cells, mixes with trypan blue, and puts them into a hemocytometer.
3.2. Then, add 160 microliters of the cell suspension onto each insert by first placing several small drops onto the surface of the collagen-coated insert in a circle and then carefully adding the rest of the cell suspension to form one large drop.
3.2.1. CU: Talent places several small drops onto the insert in a circle and then adds the rest to form one large drop.
3.3. When finished, replace the lids and carefully place the dishes into an incubator with 5% CO2 at 37°C and incubate for 30 min to allow the cells to attach to the membrane. 
3.3.1. MED: Talent places the lid on a dish and moves it to the incubator.
3.4. After 30 minutes, remove the plates from the incubator and gently add 5 ml of pre-warmed culture medium over each insert taking care to ensure that the insert remains on the bottom of the dish and is completely covered by the medium. 
3.4.1. MED: Talent uncovers the plate in the TC hood and then draws up 5 mL of culture medium. (take 2)
3.4.2. CU: Talent adds 5 mL of medium over the insert slowly and then recovers the plate.
3.5. Then, replace the lids and carefully put the dishes back into the incubator. Culture the cells at 37°C overnight. 
3.5.1. MED: Talent places the plate back into the incubator. (take 2)
4. 3D Flow Chamber Assembly and Priming
4.1. To assemble the flow chamber, first screw together the upper and lower plates.  Then, connect the plates to the gas exchange unit using 1.42 mm bore PVC tubing with 0.8 mm thick walls.  
4.1.1. MED: Talent assembles the flow chamber by screwing together the upper and lower plates.

4.1.2. CU: Talent attaches the PVC Tubing to the plates.
4.2. Next, place the assembled device into a clean plastic bag and sterilize it by gamma irradiation until the total dose reaches 11 Gray. 
4.2.1. MED: Talent places the assembled device into a plastic bag places the bag in an irradiation tray.

4.2.2. MED: Talent places bag on tray.
4.3. The next step is to remove an incubator tray, place it into a sterile tissue culture hood, and sterilize it with 70% ethanol.  Then, cover the tray with a large sterile napkin.
4.3.1. MED: Talent removes the tray of an incubator and places it into the tissue culture hood.

4.3.2. MED: Talent sprays the tray with ethanol and wipes it down.

4.3.3. MED: Talent covers the tray with a sterile napkin.
4.4. Next, remove the device from the plastic bag, and place it on the sterile incubator tray. Then, connect the device to the peristaltic pump and program the pump to run at a speed of 0.2 ml/min.
4.4.1. MED: Talent removes the device from the plastic bag inside the hood and places it on the incubator tray. (take 2)
4.4.2. CU: Talent connects the device to the peristaltic pump.

4.4.3. Alt shot – connecting device to pump
4.5. Pipette 5 to 7 ml of the desired culture medium into a sterile 15 ml tube to be used for the inlet. Then, disconnect the inlet tubing from the outlet by pulling the metal needle from the tubing using small sterile napkins to maintain sterility of the tubing. Place the metal inlet needle into the 15 ml tube with the media and place the outlet tube into the empty 15 ml tube.
4.5.1. CU: Talent pipettes 5-7 mL of medium into the inlet tube.
4.5.2. MED: Talent disconnects the inlet tubing from the outlet and places the metal inlet needle into the 15 ml tube and places the outlet tube into the empty 15 ml tube
4.6. Place the metal inlet needle into the 15 ml tube with the media and place the outlet tube into the empty 15 ml tube.

4.6.1. CU: Talent places the metal inlet needle into the 15 ml tube and places the outlet tube into the empty 15 ml tube.

4.7. Next, turn on the pump so the flow is counterclockwise. Allow the negative pressure to draw the medium from the 15 ml inlet tube into the tubing and stop the pump when the medium reaches the end of tubing, just before it enters the device.
4.7.1. MED: Talent turns on the pump to begin flow.

4.7.2. CU: Show flow being drawn in the inlet and the flow stop just before it enters the device.
4.8. Then, open the device by unscrewing the two plates and carefully remove the upper plate.  Pipette 1500–1550 microliters of medium into the lower wells, making sure the wells contain sufficient medium to form a hemisphere that reaches 1–2 mm above the lower plate. 
4.8.1. CU: Talent opens the device.
4.8.2. CU: Talent pipettes medium into the lower wells.
4.9. Next, transfer the prepared inserts from the Petri dishes to the wells of the lower plate using a sterile forceps. Make sure that no bubbles are trapped beneath the inserts and aspirate any medium that appears on the surface of the lower plate.
4.9.1. MED: Talent picks up an insert and holds it over the insert location.

4.9.2. CU: Talent places the insert into place and aspirates off any extra medium.

4.9.2. – Alt shot - aspirates
4.10. Then, place the upper plate back onto the lower plate and re-connect them using the screws.
4.10.1. CU: Talent reconnects the plates.
4.11. Immediately turn on the peristaltic pump and allow medium to flow through the 3D device. Elevate the outlet end of the device and maintain the chamber in this position to prevent formation of bubbles within the space between the plates. 
4.11.1. MED: Talent turns on the peristaltic pump
4.11.2. CU: Fluid flowing through the device and fills the chamber while talent lifts the outlet end.

4.11.2.  Alt shot – This shot covers 4.8 -> 4.11
4.12. Continue to fill the tubing connecting the chamber to the gas exchange unit with medium until it reaches the gas exchange unit. 
4.12.1. CU: Fluid flows through the tubing and is stopped when it reaches the gas exchange unit.
4.13. Next, place 3 ml of medium into the gas exchange unit, turn on the pump, and allow the air bubbles to escape through it. Elevate the unit to allow the medium to fill the tubing that exits it and stop the pump when the medium is 2–3 cm before the end.
4.13.1. CU: Talent places 3 mL of medium into the gas exchange unit.
4.13.2. MED: Talent starts the pump and elevates the unit until the medium is 2-3 cm from the end. (Take 3)
4.14. Once fully primed, connect the inlet needle to the outlet tube using small sterile napkins. Then, reverse the pump so the medium flows clockwise towards the gas exchange unit and ensure any remaining air bubbles are removed. 
4.14.1. MED: Talent connects the inlet needle to the outlet tube using small sterile napkins. (Take 3)
4.14.2. MED: Talent reverses the pump flow to remove bubbles.
5. Circulating Cell Assay and Sample Collection
5.1. With the pump again flowing counterclockwise, add 100 µl of the test cell suspension to the gas exchange unit. Then, close the lid of the respirator, place the tray back into the incubator, and allow the test cells to circulate in the device at 37°C. 
5.1.1. CU: Talent adds cell suspension to the gas exchange unit and closes the lid. (Take 2)
5.1.2. MED: Talent places the tray back into the incubator and closes the door.
5.2. Once the desired time has passed, remove the tray with the working system from the incubator and place it into the hood. Stop the pump, disconnect the inlet and outlet, and place the ends into empty sterile 15 ml tubes.
5.2.1. MED: Talent removes the tray from the incubator and places it into the TC hood.
5.2.2. MED: Talent disconnects the inlet/outlet and places them into 15 mL tubes. (Take 3)
5.3. Then, turn on the pump and collect the cell suspension from the system.  Place the cell suspension on ice until use.
5.3.1. MED: Talent turns on the pump.
5.3.2. CU: Cells being collected in the tubes.

5.3.3. MED: Talent places tube on ice.
5.4. Next, disassemble the chamber by removing the screws and lifting off the upper plate. Remove the inserts from the lower plate and transfer them to Petri dishes for staining or cell collection.
5.4.1. MED: Talent disassembles the chamber.

5.4.2. CU: Talent removes the inserts and places them into petri dishes.
5.5. Finally, remove the cell suspension from the lower wells and place it into 15 mL tubes.  Rinse each well twice with 1.5 mL of medium and add it to its respective tube.  

5.5.1. CU: Talent draws up the cell suspension and places it into a 15 mL tube, and rinses the well with fresh medium and places it into the same tube.

5.6. Then, centrifuge the tubes for 5 min at 200 x g and process the cells according to specific experimental goals such as those listed in the accompanying text protocol.  
5.6.1. MED: Talent places tubes into the centrifuge and starts it with the above conditions.
6. Results:  
6.1. Shown here is an example of 1 of the many tests that can be performed using this system.  The setup consists of murine bone marrow derived endothelial cells grown on inserts with 5 micron pores.   Below the inserts, stromal cell-derived factor-1, or SDF-1, was added at concentrations of 0, 5, or 50 ng/mL.  
6.1.1. LABMEDIA: Figure 3a, left half (Also submitted as Figures for Video_Figure 1)(Video Editor: Begin by showing the left part of figure 3a. Do not show the red, green, or yellow circles yet.   Point out the cells (Light blue), the insert (dotted line below the light blue cells) and the growth factor (SDF-1; not shown in the picture as is, but add as a diffuse set of dots in the lower chamber in the area with the word “Static”.)  
6.2. Bone marrow cells were allowed to circulate in the 3D system. Cells that migrated through the insert were collected and then cultured on plates with methylcellulose media in the presence of hematopoietic growth factors causing progenitor cells to form colonies.  
6.2.1. LABMEDIA: Figure 3a (Also submitted as Figures for Video_Figure 1)( (Video Editor: Beginning where 6.1.1. left off, point out the dark blue circles when “Bone marrow cells” are mentioned and then add the red, green, and yellow dots in that order all by the time the words “migrated through” are spoken.  With the word Collected, add the test tube with the pink cells. When the word “cultured” is spoken add the left blue circle with the white dots on it. With the words “growth factors” add the “GF” label and the final blue circle on the right of the arrow and the image of the cells below it.  

6.3. The numbers of colonies were scored 14 days later to determine the number of progenitors in each well and to reveal their ability to migrate toward SDF-1 under conditions of physiological flow.
6.3.1. LABMEDIA: Figure 3a-b (Also submitted as Figures for Video_Figure 2)( (Video Editor: Begin where 6.2.1 left off and add the graph (Figure 3b).
6.4. With the addition of stromal fibroblasts, grown on the lower insert in the static chamber, more hematopoietic cells migrated from the circulation into the chamber with the addition of SDF-1, at 50 ng/mL, than with just SDF-1 alone. 

6.4.1. LABMEDIA: Figure 4 (Video Editor: Show the setup in Figure 4a to begin with, and add/highlight the “SF” layer (dark blue pyramid shaped cells) with the words “Stromal fibroblasts” (Also submitted as Figures for Video_Figure 3).  Then highlight the center row of the graph with the words “with the addition of SDF-1” and the top row with the words “SDF-1 alone” (Also submitted as Figures for Video_Figure 5).)
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
7. 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.
7.1. Sophia Khaldoyanidi: After its development, this technique paved the way for researchers in different fields of medical and biological sciences to model tissue-specific vascular beds in vitro and to explore cellular and molecular mechanisms mediating migration of circulating cells into normal versus diseased tissues. (Take 1 or 3)
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.
Khaldoyanidi_Concept animation – based on C1-C3

6.1.1 – Khaldoyanidi_Figure 1.ppt – illustration of the experiment with one membrane

6.2.1 – Khaldoyanidi_Figure 2,ppt – migration of progenitors toward SDF-1 under the flow

6.4.1– Khaldoyanidi_Figure 3.ppt – illustration of the experiment with two membranes

6.4.1 – Khaldoyanidi_Figure 5.ppt – the effect of microenvironment on cell migration under the flow
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.
( 2012, Journal of Visualized Experiments


