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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)___N.A.______  
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)___N_____ 
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.) _2.2, 3.2, 3.6, 3.7_
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.) _3.6, 3.7_
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

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 procedure is to isolate dendritic cells from different anatomical compartments in the human female reproductive tract to evaluate their phenotypical and functional characteristics. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Marta Rodriguez-Garcia: This method can help answer key questions regarding tissue resident dendritic cells in the female genital tract, such as the anatomical compartmentalization of specific subsets and their functional characteristics. 
1.2. Marta Rodriguez-Garcia: The main advantage of this technique is that our tissue digestion protocol does not cleave surface markers, which allows immediate isolation of dendritic cells without overnight incubation or cell activation.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Charles Wira: Though this method was optimized to isolate dendritic cells from the female reproductive tract, it can also be adapted to isolate other immune cells or dendritic cells from other tissues.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. **Charles Wira: Demonstrating the procedure will be Fiona Barr and Jared Fortier, technicians from our laboratory. 
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving human subjects have been approved by the Institutional Review Board and the Committee for the Protection of Human Subjects (CPHS) at Dartmouth College.






Protocol: (read by voice talent at JoVE)

2. Enzymatic Digestion of Tissues 

2.1. Begin this procedure by rinsing the tissue with modified HBSS. Place the tissue in a 100 x 15 mm2 Petri dish [1-MED] and add approximately 3 mL of a digestion enzyme cocktail to prevent the tissue from drying out. [2-CU]

2.1.1. Talent transferring the tissue to a 100 x 15 mm2 Petri dish.
2.1.2. 3 mL of digestion enzyme cocktail being pipetted into the Petri dish.

2.2. While using forceps to stabilize the tissue, mince it with a scalpel to increase the surface area of the tissue exposed to the digestion enzyme cocktail. [1-CU] Cut the tissue into small pieces. [2-CU-TXT] 

2.2.1. Talent stabilizing the tissue with forceps while using a scalpel to start cutting the tissue into small pieces.
2.2.2. Shot of the tissue pieces in the Petri dish after mincing is done. TEXT: < 2 mm x 2 mm

2.3. Add sufficient digestion enzyme cocktail to cover all tissue pieces and place the lid on the Petri dish. [1-MED-TXT]

2.3.1. *film as written.  TEXT: Add 5 mL digestion enzyme per gram tissue

2.4. Incubate at 37 °C with 5% CO2 on a rotator at approximately 80 rpm for 45 minutes. [1-MED] Ensure that the rotator speed thoroughly mixes the digestion enzyme cocktail without spilling or producing bubbles. [2-CU-TXT] 

2.4.1. Talent putting the Petri dish on a rotator in the incubator.
2.4.2. Rotator is turned on and the dish rotates without spilling or producing bubbles. TEXT: 37 °C; 5% CO2; 80 rpm; 45 min

2.5. After 45 minutes, visualize the tissue preparation with an inverted light microscope with the 4X and 10X objectives. [1-MED] A successful enzymatic digestion should release epithelial sheets and glands as shown in this representative image. [2-LM] 

2.5.1. Talent sitting placing the Petri dish on the stage of the microscope and selecting the 4X objective to examine the cells.
2.5.2. Show panel A of 57100fig1large.jpg

3. Physical Separation of Single Cells

3.1. Perform the separation of single cells in a sterile environment. [1-MED] First place a taut 250-µm mesh with holder into a 150 x 15 mm2 Petri dish and ensure that the mesh is about 0.5 cm above the surface of the Petri dish. [2-CU]

3.1.1. Talent placing the Petri dish with cells (from 2.5) into the biosafety cabinet.
3.1.2. *film as written.

3.2. Next wet the mesh with 2 mL of modified HBSS and transfer the digested tissue onto the mesh. [1-CU] Using the flat surface of a 10-mL syringe plunger, gently but firmly grind the digested minced tissue through the mesh. [2-CU]

3.2.1. *film as written.
3.2.2. *film as written.

3.3. Once the tissue fragments have been thoroughly dispersed, elevate the mesh and the holder 2 to 3 cm above the Petri dish and rinse with 3 mL of modified HBSS to recover additional cells. [1-MED]  Transfer the cell suspension to a 50-ml conical tube. [2-MED]

3.3.1. Talent elevating the mesh and then adding 3 mL modified HBSS to the mesh.
3.3.2. *film as written.

3.4. Place a 20-µm mesh with holder about 2 to 3 cm above a new Petri dish and wet with 2 mL of modified HBSS. [1-CU] Pass the cell suspension through the mesh and rinse with 6 mL of modified HBSS. [2-CU]

3.4.1. *film as written.
3.4.2. *film as written.

3.5. Collect the mixed cell suspension [1-CU] and centrifuge at 500 x g for 10 minutes. [2-MED]

3.5.1. Cell suspension being transferred to a new 50-ml conical tube.
3.5.2. Talent putting the conical tube into the centrifuge and starting the spin.

3.6. Aspirate the liquid [3.6.1.A.] and resuspend the pellet in 4 mL of modified HBSS. [1-MED] [3.6.1.B]. Layer the mixed cell suspension over 3 mL of polysucrose solution for density gradient centrifugation. [2-CU]

3.6.1. A.	*film as written Aspirate the liquid. (Editor: This shot can be omitted if the resulting cut from 3.6.1A to 3.6.1B would be too quick)
3.6.1.B. 	[Added Shot]: Add 4 mL of modified HBSS
3.6.2. Cell suspension being carefully layered over polysucrose solution in a tube.
3.6.2.B.	[Added Shot]: Shows the result: clear separation between polysucrose solution and cell suspension.

3.7. Centrifuge at room temperature at 500 x g for 30 minutes with no brake. [1-MED-TXT] Collect the white band from the top of the polysucrose solution [2-CU] and wash with PBS. [3-MED] 

3.7.1. Talent putting the tube into the rotor in the centrifuge and starting the spin.  TEXT: 500 x g; 30 min
3.7.2. A [Added Shot]: Shows the white band after centrifugation. (Editor: Either 3.7.2A or 3.7.2B can be used for this VO – whichever looks better)
3.7.2.B White band being collected and transferred to a new tube.
3.7.3. Talent adding PBS to the tube and then putting the tube into the centrifuge and starting the spin.
3.7.4. [Added Shot]: and then putting the tube into the centrifuge and starting the spin. (Editor: Since this centrifugation isn’t mentioned in the VO, I don’t think we should use this shot)


4. Dead Cell Removal 

4.1. Once the enriched mixed cell suspension has been collected, count the cells using a hemocytometer on a light microscope with the 10X objective. [1-MED]

4.1.1. Talent at the light microscope counting cells in a hemocytometer.

4.2. Spin down all the cells in the cell suspension for 10 minutes. [1-MED-TXT] Completely aspirate and discard the supernatant [2-MED], then add dead cell removal beads and incubate at room temperature for 15 minutes. [2-MED-TXT] [4.2.2B-TXT]

4.2.1. Talent putting the tube into the centrifuge and starting the spin.  TEXT: 500 x g; 4 °C; 10 min
4.2.2. Talent removing supernatant, adding beads and then setting tube aside at room temperature. TEXT: 100 µL beads per 1 x 107 total cells
4.2.2B [Added Shot]: adding beads and then setting tube aside at room temperature. TEXT: 100 µL beads per 1 x 107 total cells

4.3. After 15 minutes, place a 30-µm filter on top of the column to retain any remaining tissue debris or cell aggregates. Rinse the filter and column with dead cell removal buffer [1-CU], then apply the cell suspension and allow the bead-labeled cells to flow through the magnetic column. [1-CU] [4.3.1B] Rinse the column with 3 mL of dead cell removal buffer four times. [4.3.2-TXT] [2-CU-TXT] 

4.3.1. A 30-µm filter being placed on a pre-rinsed magnetic column and being rinsed with dead cell removal buffer.
4.3.1.B [Added Shot]: and t The cell suspension is applied to the column.
4.3.2. Buffer being pipetted into column. TEXT: Rinse 4x

4.4. Collect the flow-through containing the live cells. [1-MED]

4.4.1. After the buffer has run through the column into a 15-mL conical tube, the talent removes the column and caps the conical tube.

5. DC Purification by Positive Magnetic Bead Selection

5.1. Following dead cell removal, spin the cells down. [1-MED] Remove the supernatant and resuspend the cell pellet in magnetic selection buffer; 80 µL of buffer per 1 x 107 cells. [2-MED-TXT] 

5.1.1. Talent putting the 15-mL conical tube (from 4.4) into the centrifuge and starting the spin.  Please get multiple usable takes; shot will be repeated later.
5.1.2. *film as written.  TEXT:  Magnetic selection buffer:  PBS + 0.5% heat-inactivated human AB serum + 2 mM EDTA

5.2. For positive selection of dendritic cell populations, add CD1a or CD14 magnetic beads [1-CU-TXT] and incubate at 4 °C for 15 minutes. [2-MED]

5.2.1. Magnetic beads being added to the tube of cells. TEXT: 20 µL magnetic beads per 1 x 107 cells
5.2.2. Talent putting the tube in the refrigerator.

5.3. Wash the cells with the magnetic selection buffer, [1-CU] spin down, [2] remove the buffer completely and resuspend the cells in a minimum of 500 µL of magnetic selection buffer. [3-MED]

5.3.1. Talent adding magnetic selection buffer to the tube.
5.3.2. Use shot from 5.1.1. 
5.3.3. *film as written.

5.4. Attach the column to the magnet and add a 30-µm filter on top of the column to retain any remaining tissue debris or cell aggregates. [1-CU] Rinse the filter and column with magnetic selection buffer. [2-CU]

5.4.1. *film as written.  
5.4.2. *film as written.

5.5. Apply the cell suspension to the column. [1-CU] Rinse 3 times with 3 mL of magnetic selection buffer. [2-CU-TXT]

5.5.1. *film as written. Please get multiple usable takes; shot will be repeated later.
5.5.2. 3 mL of magnetic selection buffer being applied to the column.  TEXT: Rinse 3x

5.6. Transfer the column to a 15-mL tube, add 5 mL of magnetic selection buffer, and apply the plunger to release the selected cells from the column. [1-MED]

5.6.1. *film as written.

5.7. To increase the purity, repeat the purification steps with the recovered cells using a new column. [1]

5.7.1. Use shot from 5.5.1.

5.8. Subsequently, assess cell purity by flow cytometry and microscopy as described in the text protocol. [1-MED] [2-MED]

5.8.1. General shot of talent at the flow cytometer. Please get multiple usable takes; shot will be repeated later.
5.8.2. General shot of talent examining cells under an inverted microscope.

6. Allogeneic Stimulation Assay to Assess DC Cell Function

6.1. Prior to starting this assay, naïve T-cells are isolated from peripheral blood mononuclear cells using a commercially available kit. [1-MED-TXT] 

6.1.1. Talent setting out previously isolated naïve T-cells. TEXT:  Refer to text protocol for Naïve T-cell selection

6.2. Wash the naïve T-cells twice with PBS. [1-MED] Resuspend the cells in 500 µL of PBS. [2-CU]
6.2.1.A Talent adding PBS to tube of cells and then putting tube into the centrifuge and starting the spin.
6.2.1.B [Added Shot]: and then putting tube into the centrifuge and starting the spin. (Editor: Since this centrifugation is not mentioned in the VO, I don’t think this shot is necessary)
6.1.2. Supernatant from second wash is removed and 500 µL of PBS is added to resuspend the cells.

6.2. The rest of the protocol is performed in the dark. While gently vortexing the cells in the biosafety cabinet, add 500 µL of a 2x solution of cell proliferation dye to the cells. [1-MED]

6.2.2. *film as written.

6.3. Incubate the cells at 37 °C for 10 minutes. [1-MED]

6.3.2. Talent putting the tube of cells into the 37 °C incubator.

6.4. Stop the cell labeling by adding to the cells 5 mL of cell culture medium with 10% human AB serum. [1-CU] Incubate on ice for 5 minutes, protected from light. [2-MED]

6.4.2. 5 mL of cell culture medium with 10% HS being added to the cells.
6.4.3. *film as written.

6.5. Centrifuge the cells at about 500 x g for 7 minutes. [1-MED] Aspirate the medium and resuspend the cells in 5 mL of cell culture medium with 10% human AB serum. [2-CU-TXT] Prior to the last centrifugation, take an aliquot of cells to count. [3-MED]

6.5.2. Talent putting tube of cells into the centrifuge and starting the spin.
6.5.3. *film as written. TEXT:  Wash 3x with medium with 10% HS
6.5.4. Talent removing an aliquot of cells to a new tube.

6.6. After the 3rd wash, resuspend the cells in cell culture medium with 10% human AB serum at the desired cell concentration. [1-MED]

6.6.2. *film as written.

6.7. To start the dendritic cell-allogeneic naïve T-cell co-culture, plate the isolated dendritic cells and naïve T-cells in a 96-well, round-bottom plate, at a 1 to 15 ratio of dendritic cells to T-cells. [1-MED-TXT] 

6.7.2. Talent plating the cells in a 96-well, round-bottom plate. TEXT: optimal number for DCs: 3,000 - 5,000 cells/well

6.8. Centrifuge the plate at about 500 x g for 3 minutes to ensure the cells are located at the center of the well. [1-MED]

6.8.2. Talent putting the 96-well plate into the centrifuge and starting the spin.

6.9. Incubate at 37 °C for 6 days. [1-MED-TXT] Monitor the cells by microscopy. [2-MED]

6.9.2. Talent putting the 96-well plate into the 37 °C incubator.  TEXT: 37 °C; 6 d
6.9.3. Talent checking the 96-well plate under the microscope.

6.10. After 6 days, assess cell proliferation by flow cytometry as described in the text protocol. [1]

6.10.2. Use shot from 5.8.1. 

7. Results: successful isolation of DCs from the human female reproductive tract 

7.1. [bookmark: _GoBack]This graph shows the range of total number of viable cells recovered after tissue processing and dead cell removal in each female reproductive tract compartment: [1-LM] endometrium, [2-LM] endocervix, [3-LM] and ectocervix. [4-LM]

7.1.2. show panel B only of ‘57100fig1large.jpg’
7.1.3. panel B only of ‘57100fig1large.jpg’ Circle or highlight ‘EM’  
7.1.4. panel B only of ‘57100fig1large.jpg’ Circle or highlight ‘CX’
7.1.5. panel B only of ‘57100fig1large.jpg’ Circle or highlight ‘ECX’

7.2. The number of viable dendritic cells recovered per gram of tissue after magnetic bead isolation is shown next. [1-LM]

7.2.2. show panel C only of ‘57100fig1large.jpg’

7.3. Dendritic morphology of the isolated cells was determined by microscopy following Giemsa staining. [1-LM] Expression of phenotypic markers before and after bead isolation was determined by flow cytometry. [2-LM]

7.3.2. show panel A only of ‘57100fig2large.jpg’
7.3.3. show panel B only of ‘57100fig2large.jpg’

7.4. After CD1a+ and CD14+ bead isolation, the purity ranged between 85 and 92%. [1-LM]

7.4.2. show panel C only of ‘57100fig2large.jpg’

7.5. An allogeneic stimulation assay was performed to assess dendritic cell functionality. T-cell cluster formation during proliferation was confirmed by proliferation dye staining. [1-LM]

7.5.2. show panel A only of ‘57100fig3large.jpg’

7.6. The proliferation was then quantified by flow cytometry. [1-LM]

7.6.2. show panel B only of ‘57100fig3large.jpg’

7.7. Shown here is the gating strategy to identify different dendritic cells in the mixed cell suspension. Each gated population in multicolor plots is shown in the next panel. [1-LM]

7.7.2. show panel A only of ‘57100fig4large.jpg’

7.8. Following the gating strategy, specific dendritic cell subsets are identified. Low cell numbers are expected as tissue dendritic cells are rare populations. [1-LM]

7.8.2. show panel C only of ‘57100fig4large.jpg’


8. Conclusion (said by authors on camera)
8.1. Marta Rodriguez-Garcia: Once mastered, dendritic cell isolation from the tissues can be done in 4 to 5 hours if it is performed properly.
8.2. Marta Rodriguez-Garcia: After watching this video, you should have a good understanding of how to enzymatically digest and process the tissues to generate a single mixed cell suspension, and perform magnetic bead selection of dendritic cells for further characterization.
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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.  

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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