Submission ID #: 50332

Editor Name: Bridget Colvin
Videographer name:

Film Date: 
Authors and Affiliations: Christian Erbel, Gregor Rupp, Christian M. Helmes, Mirjam Tyka, Fabian Linden, Andreas O. Doesch, Hugo A. Katus, and Christian A. Gleissner, Department of Cardiology, University of Heidelberg, Heidelberg, Germany
Title: An in vitro model to study primary human macrophages

Author Correspondence: christian.gleissner@med.uni-heidelberg.de
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: 
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: 3.2, 3.4, 4.6, 4.7.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Correct performance of step 3.3.

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.  
Conceptual Narrative:
The overall goal of the following experiment is to isolate monocytes from human peripheral blood and to differentiate them toward different macrophage polarization types. (Intro) This is achieved by first isolating human peripheral blood mononuclear cells by density gradient centrifugation. (C1) As a second step, negative bead isolation is performed to obtain pure CD14+ monocytes. (C2) Next, monocytes are cultured under specific conditions in order to induce specifically polarized macrophages. (C3) Ultimately, the differential expression of macrophage polarization markers in response to their culture conditions can be determined by quantitative PCR. (C4)
From 50332_schematic overview.ppt

(C1) show density gradient graphic and accompanying text

(C2) show magnet-with-tube graphic and accompanying text
(C3) show petri dish and accompanying text
(C4) 50332fig5.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 use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Christian Gleissner: This method can help to dissect the differentiation of macrophages towards different polarization types: a feature that is extremely important in the pathogenesis of various inflammatory diseases, including atherosclerosis.  

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. PBMC isolation (Histopaque) and cell counting
2.1. After drawing 30 ml of whole blood from the forearm vein from a volunteer, split the blood evenly into 2 non-polystyrene 50 ml conical tubes. Then dilute the blood in each tube with 10 ml of PBS.

2.1.1. WIDE: Talent entering lab/frame with vial(s) of blood (TEXT: Use EDTA as anticoagulant)

2.1.2. MED: Talent finishes pouring blood into second tube (first 50 ml tube already has blood), then adds PBS to at least one tube

2.2. Next add 25 ml of Histopaque to the 25 ml of whole blood and PBS in each tube, taking care the Histopaque and blood do not mix. Then centrifuge the tubes for 30 minutes at 400 x g and room temperature with no brake.

2.2.1. CU: Histopaque being added to one tube, with shot of distinct layers once Histopaque has been fully dispensed

2.2.2. MED: Talent placing tubes into centrifuge (TEXT: 30 min, 400 x g, RT, no brake) 

2.3. After the spin, first aspirate the plasma layer, and then transfer the opaque interface layer into a fresh 50 ml tube.
2.3.1. CU: Shot of layers of solution/cells within tube(s) after spin 

2.3.1.a MED: plasma being aspirated

2.3.2. CU: Shot of opaque layer being collected

2.3.3. MED: Talent dispensing interface layer/cells into 50 ml tube

2.4. Wash the cells from the interface in 20 ml of PBS + EDTA for 5 minutes at 250 x g and 4°C. Then, after discarding the supernatant, resuspend the pellet in 10 ml of PBS + EDTA, and mix the cells well by vortexing for 10 sceonds. 
2.4.0. MED: PBS added to tube
2.4.1. CU: Shot of tube(s) being placed into centrifuge (TEXT: 5 min, 250 x g, 4°C)

2.4.2. CU: Shot of pellet (if visible), then PBS being added to tube (Notes are a little confusing, but this was probably split into two shots: 2.4.2 – pellet and 2.4.3 – adding PBS)
2.4.3. MED: Few seconds of Talent vortexing tube(s) (This is probably 2.4.4)
2.5. Now dilute 200 (l of the cell suspension in 300 (l PBS + EDTA and 500 (l of Trypan blue to achieve about 200-500 cells per 10 squares in a hemocytometer.

2.5.1. MED: Talent transfers 200 (l of cells into PBS
2.5.2. CU: adding trypan blue

2.5.3. CU: Shot of trypan blue/cells being added to hemocytometer (TEXT: Change dilution factor if cell density is higher/lower).

2.5.4. MED: counting the cells

3. Negative isolation of monocytes

3.1. Begin the negative isolation procedure by spinning down the cells 3 times for 10 minutes at 120 x g. After the second wash, resuspend the pellet in 9 ml of sterile water for 3 seconds, then add 1 ml of 10X PBS. After washing and counting the cells one more time, dilute them in EasySep buffer at 5x 107 cells per ml. 

3.1.1. WIDE: Talent placing cells in centrifuge (TEXT: 10 ml PBS + 0.02% EDTA, 10 min, 120 x g, RT, x3)

3.1.2. MED: Talent resuspends pellet in water, then adds PBS to same

3.1.3. CU: Shot of pellet (if visible) (TEXT: PBS + 0.02% EDTA, 10 min, 120 x g, RT)

3.1.4. EasySep buffer being added to tube

3.2. Now incubate the cells for 10 minutes at 4°C in 50 (l per ml of monocyte enrichment cocktail. During the last minute of the incubation, vortex the EasySep monocyte enrichment beads for 30 seconds. Then add 50 (l/ml of the beads to the cells and incubate the bead and cell suspension for another 5 minutes.

3.2.1. MED: Talent adds monocyte cocktail to tube with EasySep monocyte enrichment kit box visible in frame, places cells at 4°C (TEXT: Cocktail, 10 min, 4°C) (Videographer: Split action into separate steps as necessary)

3.2.2. CU: Few seconds of beads being vortexed

3.2.3. MED – over the shoulder: Talent adds beads to cells

3.2.4. Talent places cells at 4°C  (TEXT: Beads, 5 min, 4°C) 

3.3. After the second incubation, bring the cell solution volume up to 2.5 ml with more EasySep buffer. The solution will now appear a brownish color.
3.3.1. MED: Talent adding buffer to tube

3.3.2. CU: Shot of brownish solution in tube

3.4. Next, place the tube into an EasySep magnet for 2 ½ minutes at room temperature. After the bead-bound cells have had a chance to stick, pour the buffer containing the non-binding monocytes into a fresh sterile tube. The solution will now appear a whitish color.
3.4.1. CU: Shot of tube being placed into magnet (TEXT: Bead-bound, non-monocytic cells stick to tube)

3.4.2. MED: Talent pours buffer into fresh tube

3.4.3. CU of tube

3.4.4. CU: Shot of whitish solution in tube 

3.5. After washing the unbound cells once with PBS + EDTA, transfer the cells into a multiwell plate. Then add 1 ml of culture media per 1 x 106 cells to the culture plate.
3.5.1. MED: Talent taking tube out of centrifuge (TEXT: 10 min, 120 x g, RT)

3.5.2. CU of pellet

3.5.3. MED – over the shoulder: Talent dispensing cells into a few wells of multiwell plate (TEXT: 0.5 x106 cells/cm2)

3.5.4. CU: Media being dispensed into a few wells
3.6. Finally, culture the cells under the experimental conditions of interest for six days to induce macrophage differentiation. Replace half of the media after three days with fresh media. After six days, harvest the cells for the desired experimental analyses.
3.6.1. MED: Talent placing cells into incubator (TEXT: e.g. 100 ng/ml M-CSF) 
3.6.2. MED – over the shoulder: Talent removes half media from one well, adds fresh media to same (TEXT: Day 3)

3.6.3. CU: Shot of cells being collected from a one to a few wells (TEXT: Day 6)

4. Results: Representative Primary Human Macrophages
4.1. Using the protocol described above, about 25 x 106 monocytes are routinely obtained from 100 ml of blood. Monocyte purity, as determined by flow cytometric staining for CD14, is routinely greater than 95%.
4.1.1. LAB MEDIA: 50332fig1.jpg (Video Editor: with “25.1 x 106 monocytes … blood” please highlight the red line in the “A” graph; with “routinely greater than 95%” please highlight the solid histogram and/or the “95.9%” text in the bottom right graph) 

4.2. When first added to the culture, the monocytes are initially round-shaped and float. Within a few hours, however, they adhere, giving them a “fried egg” or spindle-like appearance.
4.2.1. LAB MEDIA: 50332fig2.jpg

4.3. After six days in culture with M-CSF alone or with the addition of oxidized LDL for the last 24 hours, roughly 80% of the cells not exposed to oxidized LDL are viable, as determined by propidium iodide staining. Treatment with oxidized LDL, on the other hand, results in about 70% cell viability.

4.3.1. LAB MEDIA: 50332fig3.jpg (Video Editor: with “with MCSF alone” please highlight the top row of graphs; with “with the addition of .. 24 hours” please highlight the bottom row of graphs; with “roughly 80% .. viable” please indicate the top right histogram, black bar and 22.4% text; with “results in about 70% cell viability” please highlight the bottom right histogram, black bar and 28.4% text)
4.4. After six days of culture with M-CSF, flow cytometric analysis demonstrates that, while the cells keep expressing the leukocyte marker CD45RO, they downregulate the monocyte marker CD14.

4.4.1. LAB MEDIA: 50332fig4.jpg (Video Editor: with “leukocyte marker CD45RO”, please highlight the solid histogram in the top right graph; with “monocyte marker CD14”, please highlight the solid histogram in the bottom right graph)

4.5. Depending on the specific conditions that may induce macrophage polarization during cell culture, additional markers are necessary to warrant successful polarization.

4.5.1. LAB MEDIA: Gleissner-Markers.tif

4.6. Specific conditions may induce macrophage polarization. For example, M1-polarized macrophages express typical markers like IL-6 and TNF-alpha, whereas M2-polarized macrophages express CD36 and CD206. 
4.6.1. LAB MEDIA: 50332fig5.jpg (Video Editor: with “M1-polarized macrophages” please highlight the “M1 markers” text; with “express .. IL-6 and TNF-alpha” please highlight the white data bars in the respective IL-6 and TNF-alpha graphs; with “M2-polarized macrophages” please highlight the “M2 markers” text; with “express .. CD36 and CD206” please highlight the grey data bars in the respective CD36 and CD206 graphs) 
4.7. Macrophages can further be studied in functional experiments. For example, the uptake of oxidized LDL can be studied using fluorescently-labelled LDL. In this experiment, the cells were exposed to 10 μg/mL of DiI-labeled (pronounce: de-i-i ) oxidized LDL for 4 hours and the nuclei were stained with DAPI. The histogram demonstrates the flow cytometric measurement of the DiI-oxidized LDL uptake by M-CSF-induced human macrophages, with the solid, grey histogram representing the untreated control cells and the black, open histogram representing the oxidized LDL-treated macrophages.

4.7.1. LAB MEDIA: 50332fig6.jpg (Video Editor: with “in this experiment .. DAPI” please highlight the image on the left; with “representative histogram” please highlight the graph on the right; with “solid, grey histogram… control” please highlight/indicate the grey, solid histogram; with “black .. macrophages” please highlight/indicate the black, open histogram”)
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
5. 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.
5.1. Christian Gleissner: After its development, this technique enabled researchers studying inflammatory disease such as atherosclerosis to explore human macrophage differentiation and heterogeneity and thereby to reveal novel disease mechanisms or therapeutic targets.
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.  
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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.  
( We have provided images of the final appearance of macrophages after six days for the manuscript. For filming, it will probably not be necessary to provide cells prepared a week in advance only to film someone looking at a cell culture dish under the microscope. Do you agree? YES
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


