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A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  

No. 

B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? 

No. 

C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 

2.4, 2.6, 2.12, 2.14, 3.7, 3.8, 4.2, 4.4, 4.8

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

Step 2.6: Transfer the white ring of PBMCs to a new 50milliliters tube. 

We will prepare two Ficoll density gradients in parallel in case one gradient fails. 

E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) 
No. 

Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to generate human macrophages in high quantity and quality with standard lab equipment. (Intro)  This is achieved by first centrifuging blood from Buffy Coats on a Ficoll gradient to collect the PBMCs. (P1)  Next, on a Percoll gradient, the monocytes are separated from lymphocytes. (P2)  Then, the monocytes are seeded in Teflon-coated cell culture bags and differentiated. (P3)  After six or seven days, macrophages are harvested and seeded for subsequent studies. (P4) The obtained cells should express the typical markers of mature macrophages (P5) and respond to various stimuli such as co-cultivation with tumor cells or stimulation with LPS. (P5’)
Video editor:

Use the provided images including all the labels.

P1 – Start with the left image, then fade on the centrifuging data (“400 x g, 30 min”) while the image fades into the right side image (but without labels and pipette).  Next, fade out the centrifuging data and add the labels.  Finish with the pipette entering from above and the brown PBMC color moving into the pipette when the pipette reaches the brown.

P2 – Fade on the left graphic without the brown that is above the pink Percoll.  Have the pipette enlarge and eject the brown PBMCs over the pink Percoll.  Then proceed like done for P1, fading from image to image and using the pipette to suck up the monocytes.

P3 – fade to P3 – fix the label so it reads “2.5 ng / milliliters” below “+M-CSF”.  There’s no way to animate the pipette feeding the cells to the graphic, it will have to be implied.

P4 – fade to P4.  Again, no animation needed.  

P5 – Shrink P4 to the corner and then fade to left side image of P5.

P5’ – replace the left side image of P5 with a fade to right side image of P5.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Florian Klemm: The main advantage of this technique over existing methods, like counterflow centrifugal elutriation or magnetic-activated cell sorting, is that human macrophages can be generated with standard lab equipment without the need for expensive reagents or instruments. 

1.2. Kerstin Menck: While this method is easy to perform, individuals new to this method might struggle with separating and visualizing the different cell populations in the density gradients. Therefore, visual demonstration of these steps will help to overcome these difficulties.  

Protocol Chapters (read by a voice talent at JoVE):

2. Isolating Monocytes

2.1. This protocol is performed in duplicate to make balancing the rotors easier.  Begin by disinfecting two bags of the buffy coat fraction from layered blood.   Then, transfer the buffy coats to two 50-milliliter tubes.
2.1.1. WID: talent cleaning first bag with buffy coat

2.1.2. MED: cleaning second bag with buffy coat
2.1.3. CU: loading a tubes with buffy coat from the two bags
2.2. For each buffy coat, prepare three 50-milliliter tubes with 15 milliliters of room temperature Ficoll solution at 1.077 grams per milliliter.
2.2.1. MED: taking aliquot of Ficoll

2.2.2. CU: loading the Ficoll into the 50 milliliter tubes, more Ficoll aliquots are taken to fill the three tubes – film to show the third being filled up with other two already filled
2.3. Now, slowly and carefully, layer 30 to 35 milliliters of buffy coat on each tube of Ficoll.  The layers should not mix.
2.3.1. MED: taking aliquot of buffy coat

2.3.2. CU: adding buffy coat onto ficoll in 50 milliliters tube, five tubes loaded, sixth being loaded 
2.4. Centrifuge these tubes without braking, at 400 G for half an hour at room temperature.
2.4.1. WID: talent arrives to the centrifuge and loads the tubes

2.4.2. CU: setting the 400 rpm, 30 min, no brake cycle parameters
2.5. Between the two phases, a white ring of peripheral blood mononuclear cells will form.  Remove these layers with a plastic pipette.  Combine the layers of the three tubes from each donor into two 50-milliliter tubes per donor.
2.5.1. MED: unloading the tubes from the centrifuge

2.5.2. ECU: side vide of tube, showing layers – pipette enters and removes grey PBMC layer
2.6. Wash the collected cells by adding 1 millimolar PBS-EDTA, up to the 40-milliliter line, and then, centrifuge them at 300 G for 10 minutes without braking, at room temperature.
2.6.1. MED: ejects pipette content into new tube, then takes aliquot of PBS-EDTA and adds to the same tube (three other working tubes on bench)

2.6.2. CU: programming 300 G, 10 min, no brake into centrifuge contol
2.7. Now, aspirate and discard the supernatants.  Then, repeat the wash in PBS-EDTA.
2.7.1. ECU: side view of a spun down tube, pipette enters and removes liquid above pellet

2.7.2. MED: adding PBS-EDTA to tube and mixing the pellet into the solution 

2.7.3. Reuse 2.6.2
2.8. Resuspend and pool the pellets from each donor in 20 milliliters of RPMI plus FCS without Phenol Red. (TEXT: RPMI-1640 + 10% FCS, no Phenol Red)  There should now be one tube of cells per donor.

2.8.1. MED: removing supernatant for a tube, other tubes already emptied 

2.8.2. MED: adds RPMI+FCS (no phenol red) to one tube, then mixes, then adds mixed content to next tube with pellet and mixes this.  Repeats this process with two other tubes.

2.9. Now, prepare the second density gradient.  Mix 23.13 milliliters of room temperature Percoll solution (TEXT: 1.131 g Percoll / ml) with 1.87 milliliters of 10X PBS, in a 50-milliliter tube.  Prepare one tube of the mix for every two samples.

2.9.1. MED: takes aliquot of Pecoll, adds to 50-ml tube

2.9.2. MED: takes aliquot of 10X PBS, adds to same tube, then mixes
2.10. Next, transfer 23 milliliters of the mix to a new 50-milliliter tube. Then, add 27 milliliters of RPMI plus FCS with Phenol Red. (TEXT: RPMI-1640 + 10% FCS + Phenol Red) The result is a 46% iso-osmotic Percoll solution.
2.10.1. MED: removes 23 ml of mix and moves it to new tube, then takes aliquot of RPMI+FCS+phenol red and adds it to same tube

2.10.2. CU: tube, volume fills up to 50 ml as supplemented RPMI is added, show mixing of tube content
2.11. Now, for each donor, transfer 25 milliliters of the 46% solution to a 50-milliliter tube and carefully layer on the cell mixture.  The two phases should be distinguishable by their colors.
2.11.1. MED: divides the mix into two new tubes

2.11.2. CU: slowly adding cells to one tube of mix

2.11.3. ECU: two phases in the cell tube – show color difference
2.12. Without a brake, centrifuge the cells for half an hour at room temperature and at 550 G.
2.12.1. WID: loads tubes into centrifuge, sets the controls, starts the cycle
2.13. A white ring of monocytes will pool between the two phases.  Collect these cells into a 50-milliliter tube with a plastic pipette.
2.13.1. WID: returns to bench with tubes, then prepares to collect monocytes

2.13.2. ECU: side view of tube, pipette enters and removes monocyte layer



If the ring of monocytes is not to be seen clearly in the video shot, you could instead show the photo of Fig. 1D. If we need to provide an additional LAB MEDIA for this, just tell me and I will upload it. 
2.14. Wash the monocytes with 1 millimolar PBS-EDTA, filled to the 50 milliliter mark.  Then, centrifuge them at 400 G, without braking, for ten minutes at room temperature.
2.14.1. MED: adding PBS-EDTA to the tubes with monocytes

2.14.2. CU: setting the centrifuge controls to 400 G, 10 min, no brake
2.15. Discard the supernatant and resuspend the pelleted monocytes in 20 milliliters of medium. (TEXT: RPMI-1640 + 10% FCS + Phenol Red)  Then proceed with the next section.
2.15.1. MED: at bench, talent removes supernatant from one of two spun down tubes, then repeats with second tube – discards both supernatants

2.15.2. MED: adds RPMI+FCS+red to each tube, mixes in to cell pellet
3. Differentiation of Monocytes to Macrophages
3.1. This protocol uses FEP Teflon-coated culture bags as a culturing chamber.
3.1.1. MED: talent unpacks culture bags, essentially a shot to show what these bags look like and how they are packaged
3.2. Begin by estimating the number of collected monocytes.  Monocytes are large and often irregularly shaped.  Do not count the smaller lymphocytes.

3.2.1. MED: talent makes a Trypan blue stain slide of cells to count with hemacytometer

3.2.2. LAB MEDIA: provide an image of the collected cells, stained with Trypan - monocytes with surrounding lymphocytes, both cells types labeled in image, use large clear text (e.g. Ariel) or a layered image so editors can alter text as needed. LAB MEDIA 51554_Klemm_Figure 8
3.3. If 100 to 150 million cells of one donor are available, prepare 180 milliliters of supplemented RPMI.  If there are fewer cells, prepare 30-millilter volumes of medium for every 30 to 50 million cells. (TEXT: 174 milliliters RPMI-1640, 2% human serum, 1% pen/strep, 2.5 ng / milliliters M-CSF)
3.3.1. MED: mixing up 180 ml of supplemented RPMI, adding human serum

3.3.2. CU: as above, adding antibiotics, show labels of stock solutions
3.3.3. MED: as above, adding M-CSF
3.4. In a 20-milliliter aliquot, carefully mix the cells into the 180 milliliters of prepared medium.  Then, load the culture bag with the cells with a 50 milliliter perfuser syringe attached to the plug on the culture bag.  
3.4.1. MED: adding the cells to 180 ml of media
3.4.2. CU: preparing the syringe attachment to the bag

3.4.3. MED: loading the cells into the bag via the syringe
3.5. Remove the syringe, push out the remaining air, and cap the plug with a cone.
3.5.1. MED: removes syringe and pushes out air, then caps bag
3.6. Now, incubate the bags for six to seven days with 5 percent carbon dioxide.
3.6.1. WID: loads bag into the incubator
4. Marcrophage Harvest 

4.1. After six to seven days of incubation, transfer the culture bags to ice to harvest the cells.  Completely immerse the bags in ice and allow them to cool for an hour to three hours to detach the cells.
4.1.1. WID: talent unloads the bags of cells from the incubator

4.1.2. MED: submerging the bags in ice

4.1.3. CU: bags in ice, show how they are completely covered in ice
4.2. Next, gently pull the bags over an edge about ten times.
4.2.1. MED: pulling a bag over an edge
4.3. Then, thoroughly disinfect the outside of the bags.
4.3.1. MED: disinfecting a bag
4.4. Replace the plug cone with a 50-milliliter syringe.  Then draw out the cell suspension and transfer it to a 50-milliliter tube.
4.4.1. CU: removing cone and attaching syringe

4.4.2. MED: drawing out the cells into syringe, then ejecting cells in syringe to new tube
4.5. When all the tubes are collected, spin them down at 400 G for 10 minutes, at room temperature.
4.5.1. MED: completing collection of last tube of cells, several should be collected

4.5.2. WID: loading tubes into centrifuge
4.6. Now, aspirate the supernatant and pool all the cells into 10 milliliters of RPMI plus FCS. (TEXT: RPMI-1640 + 10% FCS)
4.6.1. MED: removing supernatants and ejecting to waste

4.6.2. MED: loading 10 ml of media to one tube, resuspending pellet, then transferring the suspension to the next pellet and adding it to the suspension
4.7. Then, count the cells as before.  Only count the macrophages, as residual lymphocytes may be present.  Then, use the cells for the application of interest.
4.7.1. CU: making a Trypan blue stain slide (like 3.2.1, tighter angle)

4.7.2. MED: talent checks the slide under a microscope
4.8. To reuse the culture bags, wash them twice with 70 percent ethanol.  Then fill them with 50 milliliters of 70 percent ethanol and incubate them overnight at room temperature.
4.8.1. WID: rinsing bag out with ethanol, two times

4.8.2. MED: loading the bag with ethanol a third time, then capping and setting aside, then proceeds with rinsing out the next bag
4.9. The next day, rinse the bags three times with sterile PBS.  Then, wrap them in sterilization paper and autoclave them.   A bag can easily be reused 10 times.
4.9.1. WID: talent, looking a little different, as this is the next day, at bench, empties a bag of ethanol and rinses it out with PBS a few times

4.9.2. MED: wrapping bag(s) in sterilization paper
5. Macrophage Yields and Characterization
5.1. The density gradient centrifugations yield a white interphase containing lymphocytes and monocytes.  Here we examine the first density gradient.
5.1.1. LAB MEDIA: (Fig. 1A) 

5.2. May-Gruenwald staining of these cells shows both a high nucleus/cytoplasm ratio, typical of lymphocytes, and bean- or ring-shaped nuclei, typical of monocytes. 
5.2.1. LAB MEDIA: Fig. 1B

5.2.2. LAB MEDIA: Fig 1C

Fade through multiple images, even with the text.
5.3. These stains show the results of the second gradient.  Each buffy coat yields about 150 million monocytes which can be differentiated into about 70 million macrophages.  In 20 preparations, 47 percent of the monocytes became macrophages.

5.3.1. LAB MEDIA: Fig 1E

5.3.2. LAB MEDIA: Fig 1F 
Fade through multiple images, even with the text.
5.4. The purified macrophages can be further enriched by adherence to plastic surfaces, a feature that is not shared by the random contaminating cells.

5.4.1. LAB MEDIA: Fig. 4A

5.4.2. LAB MEDIA: Fig 4B

Fade through multiple images, even with the text.
5.5. Once plated, most macrophages show a “fried egg” morphology …

5.5.1. LAB MEDIA: Fig. 4C

5.6. … while others have a stretched spindle-like phenotype.

5.6.1. LAB MEDIA: Fig 4D 
5.7. The cells are characterized by the expression of several markers, typical for mature macrophages.  Expression of CD11b argues against a dendritic differentiation, as does the lack of CD209 expression.

5.7.1. LAB MEDIA: Fig. 5 
5.8. After the differentiation, the cells remain functionally and metabolically active for five to seven days. Calcein-AM staining shows their ability to take up extracellular vesicles shed from tumor cells. 
5.8.1. LAB MEDIA: Fig 6

5.9. Additionally, the macrophages can be activated.  For example, stimulation with Lipopolysaccharide results in the expression of several pro-inflammatory genes.

5.9.1. LAB MEDIA: Fig. 7
6. Conclusion Interview (spoken by you on camera)

6.1. Florian Klemm: Following this procedure, the isolated macrophages can be applied to a huge spectrum of functional assays in order to answer basic questions about macrophage biology in health and disease.

6.2. Kerstin Menck: After watching this video, you should have a good understanding of how to generate high numbers of human macrophages. However, it’s important to remember that you are working with human blood samples, which might be potentially infectious. 

List of Provided Media Filenames and Descriptions (fill this in)

LAB MEDIA 51554_Klemm_Figure1A

LAB MEDIA 51554_Klemm_Figure1B

LAB MEDIA 51554_Klemm_Figure1C

LAB MEDIA 51554_Klemm_Figure1E

LAB MEDIA 51554_Klemm_Figure1F

LAB MEDIA 51554_Klemm_Figure4A

LAB MEDIA 51554_Klemm_Figure4B

LAB MEDIA 51554_Klemm_Figure4C

LAB MEDIA 51554_Klemm_Figure4D

LAB MEDIA 51554_Klemm_Figure5

LAB MEDIA 51554_Klemm_Figure6

LAB MEDIA 51554_Klemm_Figure7

Menck et al_Figure 1
photographs and May-Gruenwald stainings of the two density gradient

Menck et al_Figure 2
Graph: Macrophage yields

Menck et al_Figure 3
Microscopy and sizing of harvested monocytes and macrophages

Menck et al_Figure 4
Microscopy: Macrophages after seeding

Menck et al_Figure 5
flow cytometry: Characterization of macrophages

Menck et al_Figure 6
Fluorescence microscopy: Uptake of extracellular vesicles by macrophages

Menck et al_Figure 7
Real-time PCR/ELISA: Macrophage activation after LPS stimulation

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.

( 2014, Journal of Visualized Experiments


