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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? (Y/N): N 

If yes, please list make and model of your microscope: n/a  and specify the steps by number/short description:  n/a 
B.   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 steps: 3.3/3.4, 3.6, 4.2 (new order), 5.1, 5.4

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Removing the neutrophils from the density gradient after centrifugation. First aspirate off the PBMCs to avoid contamination of the neutrophil layer, and then carefully remove the neutrophil layer with an automatic pipette aid while slowly rotating the conical tube.
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.  
Procedural Narrative:
The overall goal of this procedure is to determine the extent of microvascular endothelial cell inflammatory activation by quantitating the relative number of neutrophils that adhere to the endothelial cells in vitro under static conditions. (Intro) This is accomplished by first treating healthy, confluent monolayers of microvascular endothelial cells with the desired experimental stimulus. (P1) During the second step, neutrophils from healthy human volunteers are isolated and then labeled with calcein AM. (P2) Next, the labeled neutrophils are added to the endothelial cells and allowed to adhere for 20 minutes, during which time a “pre-wash” measurement is obtained by fluorescence spectrophotometry. (P3) In the final step, the non-adherent neutrophils are washed away, after which a “post-wash” measurement is obtained. (P4) Ultimately, the percent and relative adherence of the calcein-labeled neutrophils to the endothelial cell monolayers under each treatment condition can be determined. (P5)
50677_Wilhelmsen_Graphic.tif
(P1) Show (P1) “3 well plate” graphic, then have “background control” and “1” and “2” texts appear and have arrow (or lightning?) stretch down from “1” and “2” texts to wells in plate 
(P2) with “neutrophils .. isolated” show the (P2) density gradient image OR 3.4.1. (CU: neutrophil layer being aspirated) ; with “labeled with calein AM” please have an arrow stretch from bracket next to density image/cell layer to cluster of green “cells”
(P3) with “neutrophils .. 20 minutes” have the green cluster of cells appear above the (P1) “3 well plate” graphic and then have green “cells” descend into the “1” and “2” treated wells, turning wells greenish like (P3) 3 well plate graphic; with “during which … spectrophotometry” show 5.3.2. MED: Talent places plate/samples into spectrophotometer [(TEXT: Total Neutrophil Fluorescence (PRE wash)]

(P4) with “the non-adherent.. washed away” show (P3) 3 well plate graphic with 2 green wells and then show plate flip upside down, green dumps out of “1” treated well but remain in “2” treated well, then turn plate upright again (final image like (P4) 3 well graphic); with “after … obtained” show 5.5.2. Plate/samples being added to spectrophotometer  [TEXT: Adherent Neutrophil Fluorescence (POST wash)]

(P5) with “percent” please show 50677_Wilhelmsen_Figure3B.tif ; with “relative adherence” please show 50677_Wilhelmsen_Figure3C.tif” with “of the .. condition” please show 50677_Wilhelmsen_Figure4C.tif
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 also use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Katherine Farrar: This method can help answer key questions in the field of human inflammatory biology, since it can determine the relative extent of microvascular endothelial inflammatory activation under different conditions. In addition, this assay has the potential to be used as a tool to study human endothelial-based disease processes that involve leukocyte binding to the microvascular endothelium.

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. Plating and Maintenance of Human Microvascular Endothelial Cells (HMVEC) 
2.1. On the day of the assay, use phase contrast microscopy to confirm that the cells exhibit a healthy cobblestone appearance with little cell debris and that they are 100% confluent. 

2.1.1. WIDE: Talent sits down/sitting down at microscope, looking at cells

2.1.2. LAB MEDIA: 50677_Wilhelmsen_Figure1.tif (TEXT: If <100% confluency, change media every day until full coverage) 
2.2. Once the HMVEC (Pronounce: “H-M-veck”) (TEXT: HMVEC: Plating and Maintenance of Human Microvascular Endothelial Cells) monolayers are ready for treatment, wash the cells once with HBSS and then add 0.3 ml of fresh microvascular endothelial cell growth medium, with or without an inflammatory agonist, to the appropriate wells. Here the HMVEC-Lung are being treated with TNF( for 3 hrs.
2.2.1. MED – over the shoulder: Talent removing HBSS from a few wells

2.2.2. CU: EGM-2 MV being added to a few wells (TEXT: EGM-2 MV media +/- inflammatory agonist)
2.2.3.  ECU: TNF( being added to at least one well (TEXT: Schedule experiment so activated HMVEC and calcein AM-labeled neutrophils are ready at same time).

3. Neutrophil Isolation using Polymorphprep

3.1. To isolate neutrophils using Polymorphprep, first bring the density gradient solution to room temperature. Then, after collecting 30 ml of whole blood from a healthy human volunteer in the presence of an anti-coagulant, layer 5 ml of the blood over 5 ml of the Polymorphprep in a 15 ml conical tube.
3.1.1. WIDE: Talent places Polymorphprep on bench/at RT

3.1.2. MED: Talent places tube of blood into a rack/similar (TEXT: Store blood @ 18-22°C; Use w/in 2 hrs)
3.1.3. CU: Few seconds of blood being layered over Polymorphprep

3.2. Separate the whole blood for 30 minutes at 450 x g and 18-22°C with the brake off, making sure the tubes are well balanced. Then aspirate the yellow plasma- and PBMC-containing layers to prevent contamination of the opaque, pink neutrophil layer.

3.2.1. MED: Talent places tube(s) into centrifuge (TEXT: Vibrations may activate neutrophils/result in layer mixing).
3.2.2. LAB MEDIA: 50677_Wilhelmsen_Figure2B.ai (Video Editor: with “aspirate … PBMC-containing layer” please highlight/indicate the top 2 layers and “plasma” and “PBMCs” texts; with “the opaque, pink neutrophil layer” please highlight/indicate the pink, opaque [4th] layer and “neutrophils” text)
3.3. To remove the neutrophils, aspirate the neutrophil layer with a 1-2 ml serological pipet while slowly rotating the pipet and tube. Pool the neutrophils from multiple tubes into a 50 ml conical tube containing 30 ml of calcium- and magnesium-free PBS.
3.3.1. CU: Few seconds of neutrophils being removed while tube is slowly rotated

3.3.2. MED: Talent adds neutrophils into a 50 ml containing PBS and neutrophils from other tube
3.4. Bring the volume up to 50 ml with more calcium- and magnesium-free PBS, and then, after spinning down the cells, wash the pellet in 10 more ml of calcium- and magnesium-free PBS.

3.4.1. CU: Last few seconds of tube being filled up to 50 ml with PBS

3.4.2. CU: Shot of pellet (if visible) (TEXT: 10 min, 450 x g, 18-22°C), then PBS being added to cells

3.4.3. CU: Shot of tube(s) being placed into centrifuge (TEXT: 5 min, 250 x g, 18-22°C)
3.5. Aspirate the supernatant and then resuspend the neutrophils in 8 ml of sterile water to lyse red blood cells. After 30 seconds, quickly add the 8 ml of cell suspension to 2 ml of 5x calcium- and magnesium-free PBS followed by gentle mixing. 
3.5.1. MED: Last few seconds of supernatant being removed, then first few seconds of water being added to tube (TEXT: Incubation with H2O longer >30s can cause cell death)

3.5.2. CU: PBS being added to tube, then solution being gently mixed
3.6. After spinning down the cells again, resuspend the pellet in 10 ml of RPMI-1640 without phenol red and count the live cells by trypan blue exclusion. 

3.6.1. CU: Shot of pellet (if visible) (TEXT: 5 min, 250 x g, 18-22°C), then RPMI being added to tube

3.6.2. MED: Shot of Talent at microscope, counting cells (shot will be used again)
4. Neutrophil Labeling with Calcein AM 
4.1. After counting, transfer the resuspended cells to a 50 ml conical tube and dilute the neutrophils with to two to four million cells per ml with phenol red-free RPMI-1640. Then add freshly prepared calcein AM working solution to a 3 (M concentration to the cells. 
4.1.1. WIDE: Talent adds RPMI to neutrophils

4.1.2. MED: Talent adds calcein AM to tube

4.2. Mix the cell suspension by gently inverting the tube several times, and then incubate the tube, covered in foil, at 37°C.
4.2.1. MED: Talent inverting tube a few times 

4.2.2. CU: Aluminum foil-covered tube being placed at 37°C

4.3. After 30 minutes, centrifuge the labeled neutrophils and then wash the pellet 2 times in 10 ml of 37°C, phenol red-free RPMI-1640, passing the cell suspension through a 40 μM sterile filter to remove any clumps before the second centrifugation.

4.3.1. MED: Talent places tube(s) into centrifuge (TEXT: 5 min, 450 x g, 18-22°C)

4.3.2. CU: Shot of pellet (if visible) and then RPMI being added to tube

4.3.3. CU: Shot of cell suspension being filtered
4.4. Resuspend the neutrophils in 10 ml of 37°C, phenol red-free RPMI 1640, and then after counting the cells once more, dilute them to two million cells per ml.
4.4.1. MED: Talent adding RPMI to tube

4.4.2. Use 3.6.2. Talent counting cells

4.4.3. CU: Few seconds of cells being diluted
5. Neutrophil Binding Assay

5.1. Now wash the HMVEC monolayers 3 times with 0.5 ml of 0.22 (m-filter-sterilized phenol red-free RPMI 1640 containing 3% BSA per well.
5.1.1. WIDE: Talent adds RPMI to a few wells
5.2. After the third wash, aspirate the media and add six hundred thousand calcein-labeled neutrophils in 0.3 ml of cell suspension or 0.3 ml of phenol red-free RPMI 1640 without neutrophils to the appropriate wells of the 48-well plate.

5.2.1. MED – over the shoulder: Talent aspirates media from 1-2 wells

5.2.2. MED: Talent adds neutrophils to a few wells (TEXT: ~8 x105 neutrophils/cm2) 

5.2.3. CU: RPMI only being added to 1-2 wells (TEXT: Control = RPMI only)
5.3. Next, incubate the co-cultures for 20 minutes at 37°C with 5% CO2, and then, just before the end of the incubation period, measure the fluorescence intensity of each well in a spectrophotometer at an excitation wavelength of 485 nm and an emission wavelength of 520 nm.

5.3.1. MED: Talent places plate into incubator

5.3.2. MED: Talent places plate/samples into spectrophotometer [(TEXT: Total Neutrophil Fluorescence (PRE wash)].

5.4. Then invert the plate to remove the media and gently pat it onto paper towels to remove any remaining liquid. Wash the wells containing the HMVEC monolayers and neutrophils 5 times with 0.5 ml per well of PBS with calcium and magnesium, removing the PBS in the same way each time.

5.4.1. MED: Talent inverts plate

5.4.2. CU: Few seconds of plate being patted onto paper towel (Shot will be used again)

5.4.3. CU: PBS being added to a few wells

5.4.4. Use 5.4.2. plate being patted onto paper towel

5.5. Refresh the wells with 0.3 ml of phenol red-free RPMI 1640 per well, and then measure the fluorescence intensity of each well as just demonstrated.

5.5.1. MED – over the shoulder: Talent adding RPMI to a few wells

5.5.2. CU: Plate/samples being added to spectrophotometer  [TEXT: Adherent Neutrophil Fluorescence (POST wash)]

5.6. Finally, using these formulas, determine the percent adherence and relative adherence per well:

5.6.1. LAB MEDIA: 50677_Wilhelmsen_Formulas.tif (Video Editor: with “percent adherence” please highlight/indicate the top “% Adherence (per well)” formula; with “relative .. well” please highlight/indicate the bottom “Relative Adherence (per well)” formula)
6. Results: Measuring neutrophil adhesion to activated primary HMVEC under static conditions
6.1. In order to obtain reliable, reproducible results using a neutrophil binding assay, it is essential that the health and confluency of the microvascular endothelial cells are optimal on the day of the assay. Note the “cobblestone” appearance and the total confluency of the monolayers.

6.1.1. LAB MEDIA: 50677_Wilhelmsen_Figure1.tif 
6.2. On a Fluorstar Optima spectrophotometer, for example, note that the fluorescence OD520nm is within the linear range when 10,000 to 1,000,000 labeled neutrophils are analyzed. 

6.2.1. LAB MEDIA: 50677_Wilhelmsen_Figure3A.tif (Video Editor: with “within the linear range” please highlight the diagonal data line and the “R2=0.996” formula)
6.3. Interestingly, as more neutrophils are added to HMVEC-Lung monolayers treated with an inflammatory agonist, the percent adherence increases.

6.3.1. LAB MEDIA: 50677_Wilhelmsen_Figure3B.tif (Video Editor: with “as more … agonist” please have an arrow or similar stretch from the “0.1” text across to the first “10” text on the x axis; with “the percent .. increases” please have an arrow stretch along the y-axis from ~20% to ~70% OR have a diagonal arrow stretch from the first “0.1 +” data bar ~along the tops of the data bar to the first “10 +” data bar)
6.4. p38-MAPK has previously been demonstrated to be necessary for E-selectin expression in TNF(-treated human endothelial cells and its inhibition reduces the number of adherent neutrophils. To demonstrate that the number of neutrophils added to the wells is arbitrary as long as the number of cells utilized is within the linear range of the spectrophotometer, here a neutrophil adhesion assay with TNF(-treated HMVEC-Lung cells in the absence or presence of the p38-MAPK inhibitor BIRB7906 is shown. These results show that the relative decrease in neutrophil binding after p38-MAPK inhibition is similar irrespective of the number of neutrophils per well.
6.4.1. LAB MEDIA: 50677_Wilhelmsen_Figure3C.tif 
[Video Editor: with “number of .. spectrophotometer” please highlight the “PMN input (number of cells) (x105)” and “0.4”, “2” and “10” texts in the x axis; 
with “TNF(-treated HMVEC-Lung cells” please highlight the “TNF(” text in the x axis and the “+” texts in the x axis; 

with “in the absence” please highlight the “BIRB796” text and “-“ texts in the x axis; 

with “or presence .. is shown” please highlight the “BIRB796” text and “+“ texts in the x axis; 

with “relative decrease .. per well” please make a bracket or similar to indicate the difference in the TNF( + data bars (middle data bars) and then TNF( + BIRB796 data bars (right data bars) for each data bar triplicate (for 0.4, 2, and 10)]
6.5. E-selectin is expressed on the endothelial cell surface after treatment with TNF( and captures neutrophils from the vasculature via electrostatic interactions with glycomolecules present on the neutrophil surface. As shown in this graph, pre-incubation of the TNF(-activated endothelial cells with an antibody against E-selectin results in about a 75% reduction in their ability to bind neutrophils, demonstrating that this assay primarily assesses the very initial events of the neutrophil adhesion cascade.


6.5.1. LAB MEDIA: 50677_Wilhelmsen_Figure4B.tif 
(Video Editor: with “pre-incubation .. E-selectin” please highlight the “(-E-selectin” and “+” texts in the x axis; 
with “results in .. bind neutrophils” please  use a bracket or similar to indicate the difference in the TNF( + IgG control (middle) data bar and the TNF( + (-E-selectin (right) data bar)
6.6. In these images, calcein-labeled neutrophils bound to untreated and TNFα-treated HMVEC-Lung monolayers pre-incubated with either control IgG or E-selectin polyclonal antibody are shown. Translucent light microscopy images are shown in this column, while fluorescence images of the same field of reference, using a fluorescein filter set, are here. In these wells, representative images of the total neutrophil fluorescence prior to washing with PBS, as just demonstrated, is shown. In these wells, representative images of the adherent neutrophil fluorescence after washing with PBS, as just demonstrated, is shown. Note the increase in adherence after TNF( treatment that is reduced in the presence of E-selectin polyclonal antibody.
6.6.1. LAB MEDIA: 50677_Wilhelmsen_Figure4C.tif
(Video Editor: with “calcein-labeled neutrophils” please highlight the “calcein” text at the top of the first column as well as the images in the column;

with “bound to untreated” please highlight the “untreated” text and images in untreated row;

with “and TNF(-treated .. monolyaers” please highlight the “TNF(-treated” text and images in two TNF(-treated rows;

with “pre-incubated with either control IgG” please highlight the “IgG control” text and images in two IgG control rows;

with “or E-selectin.. antibody” please highlight the “E-selectin pAb” text and images in E-selectin pAb row;

with “Translucent .. column” please highlight the “translucent light” text at the top of the second column as well as the images in the column;

with “while fluorescence images … are here” please highlight the first column of images;

with “in these wells .. prior to washing with PBS as just demonstrated is shown” please highlight the “PRE wash” text and images in PRE wash row;

with “in these wells .. after washing with PBS as just demonstrated is shown” please highlight the “POST wash” text and images in three POST wash rows;

with “Note the increase .. treatment” please highlight the “TNF(-treated” text and the third row of images;

with “is reduced .. antibody” please highlight the “E-selectin pAb” AND “TNF(-treated” texts and the 4th/last row of images)
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/index/Details.stp?ID=1597
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. Katherine Farrar: While attempting this procedure, it’s important to remember to use healthy, low passage number endothelial cells, and to use the whole blood and isolated neutrophils within two hours of collection. 

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.  

2.5 – 50677_Wilhelmsen_Figure1.ai – Example of healthy, confluent HMVEC‐Lung monolayers

3.1 – 50677_Wilhelmsen_Figure 2A.ai – Whole blood and Polymorphprep layered prior to 
centrfugation

3.3 – 50677_Wilhelmsen_Figure 2B.ai – Whole blood and Polymorphprep separated into distinct 
bands after centrifugation

5.7 – 50677_Wilhelmsen_Formulas.ai – Formulas used to calculate percent adherence and relative 
adherence

6.1 – 50677_Wilhelmsen_Figure1.ai – Example of healthy, confluent HMVEC-Lung  monolayers

6.3 – 50677_Wilhelmsen_Figure3A.ai – The fluorescence OD520nm is within the linear range when 
10,000 to 1,000,000 labeled neutrophils are analyzed
6.4 – 50677_Wilhelmsen_Figure3B.ai – The percent adherence of neutrophil to TNF-treated 
HMVEC-Lung increases as more neutrophils are added

6.5 – 50677_Wilhelmsen_Figure3C.ai – p38-MAPK promotes neutrophil adherence to TNF-
activated HMVEC-Lung monolayers

6.6 – 50677_Wilhelmsen_Figure4B.ai – Graphical representation of relative percent adherence of 
calcein-labeled neutrophils to untreated or TNF‐treated HMVEC-Lung monolayers after pre-
incubation with either control IgG or E-selectin blocking pAb

6.7 – 50677_Wilhelmsen_Figure4C.ai – Images of calcein‐labeled neutrophils bound to untreated 
and TNF‐treated HMVEC-Lung monolayers pre‐incubated with either control IgG or E-selectin 
pAb

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


