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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? Yes 


ii) Can you can record video of the microscope’s field of view using your own camera? Yes

iii) Is the microscope’s field of view shown on a computer? Yes

vi) Please list make and model of your microscope(s): Zeiss Axio Observer Z1 equipped with a colibri-LED and high resolution CCD camera
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? Yes 


(If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.)

C.
Which steps of your protocol will viewers benefit most from having filmed?  

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


We make a blank sample afterwards to count the endogenous platelets and to ensure we have removed (almost) all endogenous platelets.
E.
i) Will the filming need to take place in multiple locations? No
1. Introduction
A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this experiment is to mimic platelet transfusion in vitro and test it using hemostasis on collagen with hydrodynamic flow and real time microscopy. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Hendrik Feys: This method can help answer key questions in the thrombosis and hemostasis field, such as What is the contribution of stored platelets to the hemostatic process in thrombocytopenic patients that are treated with platelet concentrates.

1.2. Britt Van Aelst: The main advantage of this technique is that it approximates real blood flow and hence analyzes the influence of rheology on the participating cells and biomolecules.
1.3. Britt Van Aelst: Though this method can provide insight into platelet behavior on collagen, it can also be applied to other adhesive tissues, such as binding to atherosclerotic plaques, endothelial cells and specific matrix proteins like von Willebrand factor or fibriniogen.

1.4. Hendrik Feys: Generally, individuals new to this method will struggle because of the many variables that require careful control, including blood reconstitution, timing and donor variability.

Protocol (read by voice talent at JoVE):
2. Flow Chamber Preparation

2.1. Begin with preparing the biochip. [WID]
2.1.1. Establishing shot talent preparing for next few steps
2.2. Vortex [2.2.1-MED] and dilute a collagen stock, 1 to 20, in the biochip manufacturer’s isotonic glucose solution to a final concentration of 50 µg per mL. [2.2.2 and 2.2.3-MED]
2.2.1. Vortexing stock solution
2.2.2. Mixing stock Dilute with glucose solution
2.2.3. [added] Vortexing prepared dilution
2.3. Then, pipet 0.8 µL into the lanes of a new disposable biochip.  [2.3.1-MED] Fill all the lanes on one end of the chip and mark this as the outlet end.  [2.3.2-CU]
2.3.1. Loading one lane of chip
2.3.2. Detailed view of loading last lane to load then marking the chip
2.4. Then, inspect the chip to make sure that each lane is filled [2.4.1-MED] five-sixths of the way with the solution and no air bubbles.  [2.4.2-ECU]
2.4.1. Talent focusing Inspect chips under microscope
2.4.2. ECU: inspection of single lanes of chip, try panning from one to another
2.5. Then, incubate the chip at 4 °C for four hours or overnight in a humidified and closed container. [2.5.1 and 2.5.2-WID]
2.5.1. Loading the chip into a holding chamber
2.5.2.  [split shot] and then loading chamber into the refrigerator or cold room, following shot
2.6. Later, block the coated channels by pipetting blocking buffer into the other end of the lanes. [CU]
2.6.1. Loading the other end of the channels, opposite the marked end of the chip
2.7. Then for each lane, cut 12 cm lengths of tubing [2.7.1-CU] and attach a pin to each length of tubing to make them attachable to the biochip. [2.7.2-CU]

2.7.1. Film as written
2.7.2. Film as written
2.8. Rinse the tube lengths with distilled water from a syringe and a connector. [CU]
2.8.1. Attaching lengths to syringe and flushing them out, setting each into blocking buffer bath after flushed
2.9. Then, saturate them with blocking buffer [2.9.1-MED] and seal them into a humidified container for at least one hour.  [2.9.2-MED]
2.9.1. Finishes rinsing length and puts last one in buffer bath
2.9.2. Seals up buffer bath?
2.10. Next, prepare the pump and the manifold.  [WID]
2.10.1. Establish talent with pump and manifold parts, preparing to rinse pump
2.11. First, rinse the pump and manifold with distilled water to remove any air bubbles. [MED]
2.11.1. Placing pump and manifold parts into water bath, or flushing with running water
2.12. Next, attach the cleaned biochip to the automated microscope stage. [CU]
2.12.1. Film as written
2.13. Put one end of the lengths into a 1.5mL tube filled with HBS. Then, attach them with the other end to the biochip inlets. [2.13.1-ECU]
2.13.1. Film as written
2.14. Put the manifold pins in the outlets of the biochip.  [CU]
2.14.1. Film as written, show how tube is supported
2.15. Then, rinse the system with HBS using the pump.  [MED]
2.15.1. Starting the pump, checking HBS flow
2.16. Any remaining blocking buffer and poorly adhered collagen [2.17.1- ECU] will be thus removed.  This completes the flow chamber preparations. [2.17.2- MED]
2.16.1. HBS solution running though chip and draining out other end
2.16.2. stopping HBS flow, show complete set up of pump, various solutions and biochip
3. Preparing the Blood Samples

3.1. Begin with pooling recent blood collections from healthy volunteers [3.1.1-WID] into a conical centrifuge tube. Spin the sample for about 15 minutes at 250 G’s. [3.1.2-MED] Do not use the brake because it will disturb the loosely packed lower phase.  [3.1.1-CU]
3.1.1. Combining blood samples into single conical tube
3.1.2. Loading tube into the centrifuge and programming centrifuge cycle
3.1.3. Selecting “no brake” option and starting the cycle
3.2. Remove and discard the platelet rich plasma and the buffy coat. [3.2.1-CU] Save the packed red blood cells with a few platelets to make the reconstituted blood.  [3.2.2-ECU]

3.2.1. Aspirating solution from tube

3.2.2. Remaining pellet in tube, shown in detail

3.3. Now, start thawing 4 mL of type AB plasma at 37 °C for 5 minutes and 20 seconds. [WID]
3.3.1. Arrives to water bath or heated incubator with plasma, place it in a bath/incubator and sets at countdown timer
3.4. Meanwhile, determine the hematocrit of the prepared packed red blood cells [3.4.1-MED] using an automated hematology analyzer. [3.4.2-MED]
3.4.1. Taking aliquot of prepared cells for hematology analyzer
3.4.2. Running the analyzer with the sample 
3.5. Britt Van Aelst: As we want to test the function of transfused platelets, it is very important that only few endogenous platelets present in the fresh whole blood are present in the concentrated red blood cell sample used for reconstitution. [WID]
3.5.1. Interview shot at same location as previous step
3.6. Then, determine the platelet concentration of a blood-bank-prepared [3.6.2-MED] platelet concentrate to use for reconstitution of the whole blood. [3.6.2-MED]
3.6.1. Representative action of performing a platelet count
3.6.2. Representative subsequent action of performing a platelet count, different camera angle
3.7. Calculate the required volumes for one milliliter of reconstituted blood with 40% hematocrit and 250 thousand platelets per microliter.  [3.7.1-MED] [3.7.2-CU LM]
3.7.1. Working with calculator/computer
3.7.2. SCREEN CAPTURE Writing out calculated volumes in log book
3.8. Now, using a clipped pipet tip, [3.8.1-CU] transfer the required volume of red blood cells and plasma. Next, top the volume up to one milliliter using the platelet concentrate.  [3.8.2-MED]
3.8.1. Preparing clipped pipet tip

3.8.2. Film as written
3.9. Mix the reconstituted blood with gentle inversions and perform a complete blood count. [MED]
3.9.1. Mixes the blood and performs a representative action of starting a complete blood count
3.10. Then get a prepared microcentrifuge tube containing Calcein AM [3.10.1-WID/TEXT] and add one mL of reconstituted blood to it.  Mix the blood with dye using gentle inversions. [3.10.2-MED]
3.10.1. Arriving to bench with Calcein AM tube, following shot from fridge/freezer, TEXT: 1 µL 5mM Calcein AM
3.10.2. Film as written, add in aliquot, capping and mixing
3.11. Then, incubate the reconstituted blood for five minutes at 37 ºC. [MED]
3.11.1. Loading the tube into incubator/water bath, starting timer
4. Perfusion Assay 
SWITCH ORDER OF 4.1 AND 4.2
4.1. In the software, select the region of interest in the perfusion lane at the transition zone. [LM]
4.1.1. SCREEN CAPTURE – create a video capture of the screens action as the above action is executed.  Create separate files for each statement in this section.
4.2. Focus on the collagen fibers adhered at the bottom of the lanes at 100X magnification.  Ideally, use phase-contrast or differential interference contrast.  Choose the ‘Set current Z for selected tile regions’ option to digitally fix the selected Z-positions. [LM]

4.2.1. SCREEN CAPTURE

4.3. Britt Van Aelst: Focusing prior to perfusion should be on the immobilized collagen, but can be tricky. Another option is to focus on the first number of fluorescent platelets that adhere. [MED/WID]
4.3.1. Interview with talent, at microscope/computer set up
4.4. Now, gently mix the samples and position them next to the biochip. [MED]
4.4.1. Film as written, two actions
4.5. Then, put the tubing connected to the observed lane into the reconstituted blood. [ECU]

4.5.1. Placing tubing from a lane into sample tube

4.6. Next, using the software controlling the pump, apply a 50 dyne per square centimeter pressure to move the blood sample into the lane and start the experiment.  During the experiment, record images every 15 seconds for 5 minutes. [4.7.1-LM] [4.6.2-CU]
4.6.1. SCREEN CAPTURE  
4.6.2. [added] Running experiment

5. Data Analysis
5.1. Determine the thrombus growth kinetics using image analysis software, in this case ZEN2012 is utilized. [MED]
5.1.1. Establishing shot, talent gets seated at computer and open the ZEN2012 software package
5.2. Begin with opening the plugin Image Analysis to determine the surface coverage of the platelets. [LM]
5.2.1. SCREEN CAPTURE
5.3. Set the fluorescence threshold in the Analyze Interactive tab to define the pixel intensity that correlates with a positive signal, which would come from adhering platelets. [LM]
5.3.1. SCREEN CAPTURE
5.4. Then, use Create Tables to automatically generate a spreadsheet with a list of the surface areas of the positive signals for each time point.   [LM]
5.4.1. SCREEN CAPTURE
5.5. Save these spreadsheets in the XML format and open them in a spreadsheet program for further calculations. [LM]
5.5.1. SCREEN CAPTURE
5.6. At every time point, calculate the total surface areas of the selected objects and express this value as the percentage of surface that is covered. [LM]
5.6.1. SCREEN CAPTURE
5.7. Then, plot the data as a function of the perfusion time and calculate the slope by linear regression.  This models the thrombus growth kinetics of that particular experimental condition. [LM]
5.7.1. SCREEN CAPTURE
6. Results: Consistency and Utility of the Assay 
6.1. Three identical reconstituted whole blood samples were perfused simultaneously over collagen-coated surfaces.  This resulted in a coefficient of variation of 8.7%, suggesting acceptable intra-assay and intra-laboratory variation for test comparison. 
6.1.1. Fig 1
6.2. Transfusion was simulated by reconstituting the blood with the deficient component. Several reconstitutions were performed with decreasing platelet concentrations.  As expected, lower platelet counts resulted in less adhesion as a function of perfusion time.
6.2.1. Figure 3
6.3. Next, the effect of decreased temperatures after blood collection and during perfusion were investigated.  Thrombi were found to build more slowly when the blood was cooled to room temperature …
6.3.1. figure 4A
6.4. … as compared to a sample kept at 37 °C throughout the study.
6.4.1. figure 4B
6.5. While circulating, platelets bind to vessel injury sites in conditions of elevated wall shear stress. As expected, varying the shear rate in the microfluidic flow chambers changed the total platelet adhesion.
6.5.1. figure 5A
6.6. These conditions also changed the thrombus growth kinetics.
6.6.1. figure 5B
7. Conclusion (said by authors on camera)

7.1. Hendrik Feys: After watching this video, you should have a good understanding of how to perform a microfluidic flow chamber experiment using reconstituted blood to test the function of stored platelet concentrates. 

7.2. Britt Van Aelst: Once mastered, this technique can be done in one day if it is performed properly.

7.3. Britt Van Aelst: After its development, this technique paved the way for researchers in the field of transfusion to explore the impact of pathogen inactivation on banked platelet concentrates.

7.4. Hendrik Feys: We have given only one example of an experimental set-up, but variations in surface coats, shear stresses and calcium concentrations can all be used to answer different research questions. 

7.5. Britt Van Aelst: Following this procedure, other methods like coagulation under flow can be performed to answer additional questions like the role of transfused platelets in coagulation under flow.

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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