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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  

Can you record movies/images using your own microscope camera? (Y/N)_________  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_ Yes, there is software usage. The level of details is comparable to the “Data Analysis” chapter of JoVE’s publication Determination of the Relative Cell Surface and Total Expression of Recombinant Ion Channels Using Flow Cytometry from Bourdin et al.
Using the steps listed here, software is used at step 4.1 and step 4.3.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
Steps 2.4, 2.5, 2.8, 4.1, and 4.3
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Steps 2.8 and 4.3
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? There will be two locations: the main laboratory, where the bulk of the protocol will be conducted, and the cell sorting facility which 2.5 miles away.
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this sorting strategy is to identify and isolate five major stages in granulocyte/macrophage-colony stimulating factor driven development including common myeloid progenitor, granulocyte/macrophage progenitor, monocyte, monocyte-derived macrophage, and monocyte-derived dendritic cells (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Elizabeth Schwartz This method can enable researchers to acquire sufficient numbers of cell types to answer key questions in the field of developmental immunology. 
1.2. Elizabeth Schwartz: The main advantage of this technique is that it relies on a few select markers to isolate large numbers of cells that are traditionally found in low numbers ex vivo.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Peter Rogers: The implications of this technique extend toward therapeutic bone marrow transplantation because it allows for the isolation of large numbers of progenitors.  
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Auburn University; PRN# 2016-2916.
Protocol: (read by voice talent at JoVE)
2. Collection of Murine Bone Marrow Cells 
2.1. To begin the protocol, saturate the hind legs and torso of a previously prepared mouse with 75% ethanol, and make shallow cuts through the skin around the hip joint with curved tissue scissors [2-MED/CU]. Then, remove and strip the hind legs [1-MED-TXT]. [2-MED/CU]
2.1.1. Focus on the legs of the mouse as talent strips the legs, TEXT: See accompanying text protocol for detailed guidance  (Move below 2.1.2)
2.1.2. Show how saturated the legs and torso are as talent applies the ethanol, then show where the cuts are made through the skin and hip joint, and show the curved scissors in the shot
2.1.1. Focus on the legs of the mouse as talent strips the legs, TEXT: See accompanying text protocol for detailed guidance [Shots 2.1.1 and 2.2.1 combined]
2.2. Using forceps, firmly pull the skin from the hip down towards the ankle, revealing the muscle and use scissors to remove the skin flap [1-CU].
2.2.1. Forceps enter frame and pull the skin from the hip down towards the ankle and the muscles are exposed, then the skin flap is removed
2.3. Cut just above the femur and hip joint and remove the whole hind leg by cutting through the bone [1-CU]. Working in a sterile biosafety cabinet, transfer the legs to one of the previously prepared Petri dishes [2-MED].
2.3.1. Talent points out femur and hip joint and cuts bone and removes whole hind leg [Shots 2.3.1 and 2.3.2 combined]
2.3.2. Over the shoulder, focus on legs as talent transfers them to Petri dishes
2.4. Use scissors to cut just below the ankle, and carefully remove as much of the muscle and elastic connective tissue as possible [1-CU-TXT]. Transfer the cleaned bone to the second prepared Petri dish [2-MED].

2.4.1. Talent points out area just below ankle with scissors and removes muscle and connective tissue, TEXT: Note: Do not leave too much remaining tissue  [Shots 2.4.1 and 2.4.2 combined]
2.4.1B. [Added Shot]: Move to the petri dish (Editor: Since 2.4.1 and 2.4.2 were combined as one shot, I’m not sure how this is a separate shot, as it is the action described in 2.4.2. If this action isn't shown in that combined shot, I suggest showing this in place for 2.4.2) 

2.4.2. Talent transfers bone to second Petri dish
2.5. Next, separate the femur, knee, and tibia [1-MED/CU]. Using forceps, hold the leg at the knee and locate the marrow, a faint red line inside the bone cavity at the top of the femur and toward the end of the tibia [2-CU]. 
2.5.1. Over the shoulder, talent points out femur, knee, and tibia [Shots 2.5.1, 2.5.2, and 2.6.1 combined]
2.5.2. Talent holds leg at knee and points out the marrow and points out that it’s at the top of the femur and toward the end of the tibia 

2.6. With scissors cut the tibia just above where the marrow appears to end…cut just below the knee joint…cut just above the knee joint [1-CU].
2.6.1. Talent points out with scissors where cut is to be made, then cuts tibia, cuts just below the knee joint, and just above the knee joint 
2.7. Then, flush bone marrow from the femur and tibia [1-MED]. Fill a 10 mL syringe with complete media from the 50 mL conical tube, and cap the syringe with a 23-gauge needle [2-MED].
2.7.1. Over the shoulder, talent points out bone marrow in femur and tibia [Shots 2.7.1 and 2.7.2 combined]
2.7.2. Talent fills syringe with complete media and caps the syringe with needle
2.8. Holding the bone with forceps above the third prepared Petri dish, insert the needle into the bone canal and push the media through, flushing out the cells [1-CU-TXT]. Repeat this step until no more color can be seen through the bone [2-CU-TXT]. 
2.8.1. Capture how the bone is held with forceps above Petri dish, then talent inserts needle into bone canal and pushes media through with the complete media, TEXT: Cells may emerge as intact “plug” or several clusters [Shots 2.8.1 and 2.8.2 combined]
2.8.2. Talent shows that there is no more color seen through the bone, TEXT: Refill syringe with media as necessary
2.9. Continue the procedure by crushing the epiphyses [1-MED]. While still in the second Petri dish, hold the knee cap firmly with forceps, and mash the knees with the tip of the syringe [2-CU]. Continue until the epiphyses are no longer red [3-CU].
2.9.1. Talent prepares materials to crush the epiphyses [Shots 2.9.1, 2.9.2, and 2.9.3 combined]
2.9.2. Focus on sample as talent firmly holds it down with forceps, then crushes the sample with the tip of the syringe 
2.9.3. Show that the epiphyses are not red 
2.10. Using the syringe, transfer the cells from the second and third Petri dishes to the 50 mL tube [1-MED]. Breakup up clumps by gently pipetting up and down and try to avoid forming bubbles [2-CU]. Centrifuge the cells [3-MED-TXT].
2.10.1. Talent has syringe in hand and transfers cells from Petri dishes to a tube [Shots 2.10.1 and 2.10.2 combined]
2.10.2. Focus on the tube as talent pipettes up and down. Capture that the pipetting is gentle and that no bubbles are formed. 

2.10.3. Talent places cells in centrifuge and enters settings, capture the settings entered if possible, TEXT: All centrifuge steps: 250 x g, 4 °C, 10 8 min (Videographer Comment: All centrifuge shots are the same, 250 x g and 4 degrees C and 8 mintues)
2.11. Then remove the supernatant with a serological pipette, dislodge the pellet by flicking, and lyse red blood cells by incubating them in 1 mL of ammonium-chloride-potassium, or ACK, lysis buffer for 1 min at room temperature [1-CU].
2.11.1. Talent holds up tube to camera and removes supernatant, then flicks tube and adds ACK lysis buffer, then sets timer for 1 min
2.12. Using a serological pipette, add 40 mL of HEPES buffer [1-MED-TXT]. Using a serological pipette, filter the cells though a 70 μm cell strainer into a new 50 mL conical tube and centrifuge the cells.
2.12.1. Talent adds HEPES buffer to tube, TEXT: HEPES: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid [Shots 2.12.1 and 2.12.2 combined]
2.12.2. Over the shoulder, transfers cells to filter that is on a fresh conical tube, then places the filter and tube in centrifuge 
2.13. Using a serological pipette, remove the supernatant…and culture the bone marrow cells in complete media with 10 ng/mL of recombinant mouse GM-CSF at a density of 1 x 106 cells/mL [1-MED].
2.13.1. Talent removes supernatant and adds complete media to bone marrow cells 
2.14. Using a serological pipette, transfer the cells to tissue culture plates, and incubate them at 37 °C in 5% CO2 until ready to proceed with staining [1-MED].
2.14.1. Talent holds serological pipette and transfers cells to tissue culture plates, then places the plates in the incubator. If possible, capture the settings of the incubator. 
3. Staining Strategy 
3.1. Gently, but thoroughly, pipette the cells up and down to dislodge any loosely adherent cells [1-CU]. Using a serological pipette, transfer cells to a 50 mL conical tube…and centrifuge the cells [2-MED]. 
3.1.1. Talent slowly pipettes cells up and down 

3.1.2. Over the shoulder, talent transfers cells to tube and places them in the centrifuge. Capture the settings entered on the centrifuge. 
3.2. Gently pour off the supernatant…and wash the pelleted cells by adding 30 mL of FACS wash buffer, or sFWB with a serological pipette [1-CU]. Then centrifuge the cells…and repeat the wash [2-MED].
3.2.1. Talent pours off supernatant. Focus on the tube and how much supernatant is left before talent adds FWB

3.2.2. Side view, talent removes samples from centrifuge and repeats step 3.2.1 (Videographer Comment: Use removal from previous centrifuge shot)
3.3. Next, suspend and stain cells per the antibody manufacturer’s instructions [1-MED].
3.3.1. Talent suspends cells and stains them. It’s not necessary to get a high level of detail in this shot because the researcher is following the manufacturer’s instructions. (Videographer Comment: 3.3.1 and 3.4.1 are the same shot. If you can’t change the copy, then reuse the shot as per author) (Editor: Not sure what needs changing, as the author didn’t indicate any changed needed here. If the VO for 3.3.1 and 3.4.1 can play over both shots, please do that)
3.4. Resuspend 5 x 107 cells in 1 mL of FWB and add 2 μg each of anti-Ly6C and anti-CD115 labeled with the fluorophores [1-CU]. To further distinguish CMP from moDC, add 2 μg of anti-CD11c antibodies [2-MED]. 
3.4.1. Talent resuspends cells in FWB and adds antibodies, if possible, capture the labels of the fluorophores in the shot 

3.4.2. Talent adds more antibody to the sample 

3.5. Incubate the samples for 30 min on ice [1-MED]. After incubation, use a serological pipette to add 10 mL of FWB, and centrifuge the cells [2-MED]. 
3.5.1. Over the shoulder, talent places sample on ice and sets timer for 30 min 

3.5.2. Over the shoulder, timer is done, indicating 30 min has passed, talent uses pipette to add FWB and places the sample in the centrifuge 
3.6. Gently pour off the supernatant, and wash the pelleted cells by adding 30 mL of FWB with a serological pipette [1-CU]. Centrifuge the cells, and repeat the wash [2-MED-TXT].
3.6.1. Focus on the pellet and the tube as talent pours off the supernatant, then adds FWB 

3.6.2. Talent places cells in centrifuge and repeats the wash. TEXT: Repeat wash 1X
3.7. Before suspending the cells, flick the tube thoroughly to dislodge the pellet [1-CU]. Use a serological pipette to resuspend cells at 1 x 107 cell/mL of FWB, and filter them through a 35-μm cell filter [2-MED]
3.7.1. Talent holds tube up to camera, flicks tube, and shows that the pellet has been dislodged [Shots 3.7.1 and 3.7.2 combined]
3.7.2. Over the shoulder, adds FWB and suspends the cells, then runs the sample through a filter 

3.8. Use a serological pipette to transfer the filtered cells into a polypropylene tube, and place the tube on ice until they are ready to be sorted [1-MED].
3.8.1. Talent transfers cells to new tube and places the tube on ice 
4. Set Gates Based on Control Samples 

4.1. Run the unstained control through the cell sorter, and apply a gate to exclude small debris and highly granular particles [1-MED-TXT].
4.1.1. Over the shoulder, talent is at computer and manipulates the settings on the screen (applies gate), if possible, focus on what is on the screen. TEXT: Small debris: low forward scatter (FSC), Highly granular: high side scatter: SSC
4.2. Run the single fluorescent control samples through the cell sorter, and adjust the compensation as needed [1-MED].
4.2.1. Over the shoulder, talent is at computer and adjusts compensation. If possible, focus on the screen.
4.3. Run a sample of the multi-labeled sample and observe four distinct populations [1-MED-TXT]. Apply a gate to isolate each of the four major populations [2-MED].
4.3.1. Over the shoulder, talent is at computer, there are four distinct populations on the screen, Use 4.3.1B TEXT: Ly6C+CD115-: GMPs, Ly6C+CD115+: monocytes, Ly6C-CD115+: moMacs/moDP, and Ly6C-CD115-:CMPs/moDCs

4.3.1B. [Added Shot]: (Editor: Not sure what’s shown here – it wasn’t noted)
4.3.2. Over the shoulder, focus on the screen, talent applies gate to the four major populations 
5. Collection of Isolated Populations 
5.1. Prepare collection tubes by adding enough fetal calf serum, or FCS to achieve at least 20% final concentration when full, for example, if using 5 mL tubes, add 1 mL of FCS before sorting, and remove the tube when it reaches 5 mL total volume [1-MED].
5.1.1. Talent gathers reagents, FCS, and tubes, then picks up 5 mL tube and adds FCS
5.2. To prevent membrane turnover and antibody uptake, keep all samples at 4 °C throughout the sort [1-MED]. After the desired number of cells have been collected, use a serological pipette to transfer the cells to a new conical tube and centrifuge the cells [2-MED].
5.2.1. Side view, talent places samples in cold storage 

5.2.2. Side view, talent transfers cells to conical tube and places them in the centrifuge 
5.3. Carefully remove the supernatant, and resuspend the cells in 10 mL of FWB and centrifuge the cells again [1-CU]. Repeat the FWB suspension for a total of two washes [2-MED].
5.3.1. Talent removes the supernatant and resuspends the cells in FWB, then carries sample to centrifuge 

5.3.2. Talent repeats steps in 5.3.1 
5.4. Finally, remove the supernatant after the second wash and proceed based on the experiment’s design [1-MED/WIDE].  
5.4.1. Talent removes the supernatant 
6. Results: Robust Myeloid Progenitors Using Protocol
6.1. To keep as many channels available for analysis as possible, viable cells were routinely selected based on forward and side scatter, excluding very small and very granular events [1-LM]. To determine if this gating strategy reliably excluded dead cells, samples were stained with 7-Amino actinomycin D [2-LM].
6.1.1. Figures 1A. Fade in the entire figure and reveal each panel after a beat without the trend lines in each graph (the shapes encompassing the dots on the graph). When “forward and side scatter” are said add the trend lines in the graph 
6.1.2. Figures 1A & B. Show Figure 1B beside Figure 1A from 6.2.1 and highlight the text on the bottom for the x-axis when “7-Amino actinomycin D” is said 
6.2. Cells analyzed immediately post-harvest had approximately 10% of 7-AAD positive cells when a typical FSC/SSC gate was applied to freshly isolated cells from the bone marrow [1-LM-TXT]. 
6.2.1. Figure 1A & B. Show only the Post-Harvest panels. Add the text “~10% 7-AAD positive cells, when said.
(Editor: I split 6.2 because the sound bite was too long)
6.2a. 
A similar proportion of dead cells was also present at day 1 and day 3 of culture [2-LM]. By day 5, the number of dead cells within the gate was reduced to 5%, thus, using such a viability gate is generally appropriate for sorting on day 5 and after [3-LM].

6.2.2. Figure 1A & B. Keep the figure from 6.2.1 on the screen and reveal only the panels for 1 day PH, 3 days PH
6.2.3. Figure 1A & B. Show only the bottom panels (5 days PH) Add the text “~5% 7-AAD positive cells, when said. 
6.3. Flow cytometry revealed that within the Ly6C-CD115- population, CD3/CD45R positive cells persisted strongly through Days 0 – 3 [1-LM]. 

6.3.1. Figure 2B. Show Figure 2B with all text. When “Ly6C-CD115-“ is said highlight the title text in yellow for a beat. When “Days 0-3” is said box the days on the graph for Days 0-3.
(Editor: I split 6.3 because the sound bite was too long)
6.3a. 
On Day 4, only a few CD3/CD45R positive cells remained, and by Day 5 and 6, there were no CD3/CD45R expressing cells present, thus, within 4 days of culture in GM-CSF, lineage positive cells were essentially absent and were not detected at all at days 5 and 6 of culture [2-LM].

6.3.2. Figure 2B. Show the entire figure with all text. When “Day 4” is said, add an arrow pointing to the text “Day 4” for a beat. Add an arrow pointing at “Day 5” and “Day 6” on the graph when said for a beat. 
7. Conclusion (said by authors on camera)
7.1. Peter Rogers: While attempting this procedure, it’s important to remember cellular composition is dependent on the length of culture. Sorting three days post-harvest yields high numbers of early stages and few late stage, and vice versa for cultures sorted after five days.
Provided Media

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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