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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______2.2-2.4, 3.7, transfection of retrovirus/DNA concatemers; 2.7-2.9, spin infection; 3.10, Isolation of producer cell colonies, 5.3-5.5, concentration of virus____________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___Generating the stable clones, steps 3.6-3.12. We confirm that all previous steps (DNA digestion and ligation, cell plating) have been done correctly. Prior to transfection, several different dilutions of cells can be plated to ensure confluency of 90% at the time of transfection. 


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

The overall goal of this procedure is to generate a cell line that can produce high titers of lentiviral vectors that target dendritic cells. (Intro: title slide is shown)

This is accomplished by first transducing a gag-pol-rev packaging line (Video editor: show only the pink ‘GPR line’ cell first) with Dendritic Cell-specific Sindbis virus glycoprotein to create a GPRS packaging cell line. (Video editor:  add the blue cartoon of Retro-SVGmu/VSVg, animate it moving toward and if possible into the pink cell to produce the pink ‘GPRS line’ cell) (Overview1.eps)

The second step is to construct concatemeric DNA encoding your gene of interest as well as a selection marker, (Video editor: show viral vector circle first followed by the PGK-ble circle, the digestion resulting in the green and red pieces, and the green and red pieces being mixed together to create the stringy ball) and then transfect the GPRS packaging cells with the concatemeric DNA. (Video editor: move the stringy ball toward the pink GRPS cell and make it disappear inside the pink cell to indicate transfection) (Overview2.eps)

After selecting for transfected clones, (Video editor: show the dish with the red liquid and then the hand holding the pipette coming into view above the dish and the blue droplet coming out of the pipette tip) individual clones are isolated (Video editor: add the cartoon of the 6-well plate) and tested for their production capacity. (Video editor: show graph B from ‘Fig1.eps’)(Overview3.eps; graph B from ‘Fig1.eps’)

The final step is to evaluate the quality of the produced lentiviral vectors in a mouse model. (Video editor: animate the 4 blue vectors going into the mouse) (Overview3.eps)

Ultimately, these lentiviral vectors are used to generate high antigen-specific immune responses in mice models of cancer or infectious disease. (Video editor: show graph B from ‘50606fig3.jpg’)



B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Paul Bryson: The main advantage of this technique over existing methods, like transient transfection, is that it can produce large quantities of lentiviral vectors in a reproducible and safe manner.   
1.2. Chupei Zhang: The implications of this technique extend toward therapy of cancer and infectious diseases because the lentiviral vectors produced can generate very strong cytotoxic T cell responses.
1.3. Chi-Lin Lee: Generally, individuals new to this method will struggle because performing the transfection requires precise handling and care of the producer cell line.


Protocol (read by voice talent at JoVE):

2. Generating the GPRS packaging cell line: a tet-dependent SVGmu cell line

2.1. In this procedure, 293T cells are cultured in D10 (pronounced D-ten) medium (TEXT: D10 = DMEM + 10% fetal bovine serum + 2 mM L-glutamine). 16-18 hours before transient transfection, plate 2 x 106 293T cells in 4 ml of D10 in a 6-cm tissue culture dish such that the cells approach 90% confluency at the time of transfection (TEXT: 2 x 106 cells/4 ml D10). Incubate cells in a humidified 37°C incubator with 5% CO2.

Shots:
2.1.1. MED: Talent setting down a plate/flask of 293T cells in the tissue culture hood (about to start trypsinizing cells).
2.1.2. CU: Multiple takes from different angles of cell suspension (after trypsinization, centrifugation, etc.) being transferred to a 6-cm tissue culture dish.  Shot will be repeated later.  
2.1.3. MED: Multiple takes from different angles of talent putting the 6-cm tissue culture dish into the incubator.  Shot will be repeated later.

2.2. On the day of transfection of retroviral plasmids, prepare a mixture consisting of 1.25M CaCl2 solution, sterile Milli-Q water and the following plasmids: pRX-SVGmu, pGag-Pol, and pVSV-G (TEXT: 100 μl 1.25M CaCl2 solution; sterile Milli-Q water; 5 μg pRX-SVGmu; 2.5 μg pGag-Pol; 2.5 μg pVSV-G).

Shots:
2.2.1. CU: Reagents being added into a microcentrifuge tube. (Video editor: you could freeze this shot after the addition of the first reagent and use text overlay of each reagent as it is narrated)

2.3. Plasmid pRX-SVGmu (pronounced P-R-X-S-V-G-myu like ‘mutant’; all subsequence SVGmu’s should be pronounced this way.) is a construct in which the dendritic cell-specific glycoprotein SVGmu is cloned downstream of the P tight tet-responsive element. (Video editor: show SVGmu diagram from Figure 1C; highlight the SVGmu rectangle and the P tight arrow). 

Shots:
2.3.1. LAB MEDIA: SVGmu diagram from 1C from ‘Fig1.eps’ (uploaded 3/26/13)

2.4. Add 500 μl 2X HBS to a 5-ml polystyrene round-bottom tube (TEXT: 2X HBS = 50 mM Hepes, 10 mM KCl, 12 mM Dextrose, 280 mM NaCl, 1.5 mM Na2HPO4*7H2O, pH 7.05). Then, while bubbling the buffer vigorously with a glass Pasteur pipette, add the plasmid mixture dropwise into the 2X HBS buffer. After adding the mixture, continue bubbling for another 30 seconds.

Shots:
2.4.1. MED: Talent adding 500 μl 2X HBS to a 5-ml polystyrene round-bottom tube.
2.4.2. CU: Multiple takes from different angles of buffer being bubbled vigorously with a glass Pasteur pipette, and plasmid mixture being added dropwise into the 2X HBS buffer.  Shot will be repeated later.
2.4.3. CU: Bubbling after mixture has been added.

2.5. Next add the whole mixture onto the 293T cells in the 6-cm tissue culture dish, and incubate at 37°C.

Shots:
2.5.1. CU: Multiple takes from different angles of mixture being added onto the 293T cells in the 6-cm tissue culture dish.  Shot will be repeated later.
2.5.2. Use shot from 2.1.3.

2.6. 4 hours after transfection, carefully replace the medium in the culture dish with 4 ml pre-heated D10.

Shots:
2.6.1. MED: Multiple takes from different angles of talent aspirating the medium from the dish. Shot will be repeated later.
2.6.2. CU: A shot of the D10 medium in a water bath. (added this shot)
2.6.3. CU: Multiple takes from different angles of 4 ml pre-heated D10 being added to culture dish.  Shot will be repeated later.

2.7. 48 hours after transfection, begin the procedure for spin infection: harvest SVGmu-encoding retroviral particles in the supernatant by passing the supernatant through a 0.45-μm filter.

Shots:
2.7.1. MED: Multiple takes from different angles of talent transferring supernatant into a syringe.  Shot will be repeated later.
2.7.2. CU: Multiple takes from different angles of supernatant being passed through filter and collected in a tube.  Shot will be repeated later.

2.8. The GPR packaging cell line used in this procedure is cultured in D10 with 1 ng/ml doxycycline and 2 ng/ml puromycin. Plate the GPR packaging cells in a 24-well dish at 2 x 104 cells per well (TEXT: 2 x 104 cells/well). Add filtered supernatant to GPR packaging cells in the dish (TEXT: 2 ml filtered supernatant/well) and centrifuge cells for 90 minutes at 1,050 x g and 25°C (TEXT: 90 min; 1,050 x g; 25°C).

Shots:
2.8.1. MED: Talent setting down a plate/flask of GPR packaging cells on the work surface.
2.8.2. CU: GPR packaging cells suspension (after trypsinization, centrifugation, etc.) being plated in a 24-well dish.
2.8.3. CU: 2 ml filtered supernatant being added to a well of GPR packaging cells.
2.8.4. MED: Talent putting 24-well dish into the centrifuge and starting the spin.

2.9. After spin-infection, replace medium with fresh D10 with 1 ng/ml doxycycline.  Return cells to the incubator.

Shots:
2.9.1. MED: Talent aspirating medium from wells and adding new medium.
2.9.2. MED: Multiple takes from different angles of talent putting the 24-well dish into the incubator.  Shot will be repeated later.

2.10. 72 hours post-transfection, expand the culture of transduced packaging cells in D10 with doxycycline and puromycin (TEXT: Expand culture in D10 + 1 ng/ml doxycycline + 2 ng/ml puromycin).

2.10.1. MED: General shot of talent expanding cells.

2.11. To confirm expression of SVGmu, culture the cells without doxycycline for 48 hours. Surface expression of SVGmu is subsequently measured with flow cytometry using anti-Sindbis serum.

Shots:
2.11.1. Use shot from 2.6.1.
2.11.2. Use shot from 2.6.3.
2.11.3. LAB MEDIA: Wang_SVGmu_expression.eps

3. Constructing DC-LV producer cells by concatemer array transfection

3.1. To begin this procedure, digest 20 μg of plasmid TL20-GFP (pronounced T-L-twenty-G-F-P) with the restriction enzyme SfiI at 50°C. TL20-GFP is a self-inactivating lentiviral transfer vector that encodes green fluorescent protein under the control of a murine stem cell virus promoter (Video editor: show TL20-GFP diagram from Figure 1C; highlight the GFP rectangle and the MSCV arrow) and the vector genome under the control of a tetracycline-repressible promoter. (Video editor: TL20-GFP diagram from Figure 1C; highlight the TetO arrow and the rounded rectangle next to it).

Shots:
3.1.1. MED: Talent setting up digest (i.e., adding enzyme to plasmid and putting the tube into 50°C heating block).
3.1.2. LAB MEDIA: TL20-GFP diagram from Figure 1C of ‘Fig1.eps’ (uploaded 3/26/13)

3.2. Digest 20 μg of plasmid PGK-ble (pronounced P-G-K-blee) with PflMI at 37°C. PGK-ble is a bleomycin resistant cassette driven by a weak phosphoglycerate kinase 1 PGK promoter. (Video editor: PGK-ble diagram from Figure 1C; highlight the ble rectangle and the PGK arrow).

Shots:
3.2.1. MED: Talent setting up digest (i.e., adding enzyme to plasmid and putting the tube into 37°C water bath/heating block).
3.2.2. LAB MEDIA: PGK-ble diagram from Figure 1C of ‘Fig1.eps’ (uploaded 3/26/13)

3.3. Subsequently, purify the DNA fragments by agarose gel electrophoresis. The PGK-ble cassette is 1011 bp (Video editor: please add white arrow in lane 3) and the TL20-GFP vector is 6861 bp (Video editor: please add white arrow in lane 2).

Shots:
3.3.1. LAB MEDIA: Wang_TL20-GFP_digestion.eps

3.4. Ligate the TL20-GFP vector and PGK-ble cassette at a molar ratio of 25:1 using T4 DNA Ligase. Incubate overnight at room temperature.

Shots:
3.4.1. CU: TL20-GFP, PGK-ble and T4 DNA Ligase being added to a tube.
3.4.2. MED: Talent setting the tube at room temperature and walking away.

3.5. On the following day, purify DNA from the ligation mixture using a commercially available kit. Ensure the amount of purified DNA is around 5 μg.

Shots:
3.5.1. MED: General shot of talent preparing to start the DNA purification protocol (set out the components of the Qiagen DNeasy Blood and Tissue Kit so they will be captured in this shot).
3.5.2. CU: The tube of purified DNA being shown to the camera.

3.6. 16-18 hours before transfection, plate GPRS packaging cells in a 6-cm tissue culture dish such that the confluency will be about 90% at the time of transfection.

Shots:
3.6.1. Use shot from 2.1.2
3.6.2. Use shot from 2.1.3.

3.7. Using the calcium phosphate transfection method demonstrated earlier, transfect 5 μg of the purified concatemeric DNA into the GPRS packaging cells in the 6-cm tissue culture dish.

Shots:
3.7.1. Use shot from 2.4.2. 
3.7.2. Use shot from 2.5.1.

3.8. 4 hours after transfection, carefully remove the medium and replace with 4 ml pre-heated D10 with 1 ng/ml doxycycline.

Shots:
3.8.1. Use shot from 2.6.1.
3.8.2. Use shot from 2.6.3.

3.9. 48 hours after transfection, trypsinize the cells and replate them in a 15-cm dish with 30 ml of D10 with doxycycline, puromycin and Zeocin (TEXT: Culture in D10 + 1 ng/ml doxycycline + 2 μg/ml puromycin + 50 μg/ml Zeocin). Culture the cells for about 2 weeks to select transfected cells.

Shots:
3.9.1. MED: Talent aspirating medium and then adding trypsin.
3.9.2. CU: 5 mL cell suspension being pipetted into a 15-cm dish containing 25 mL medium with 3 drugs. 
3.9.3. MED: Talent putting 15-cm dish into the incubator.

3.10. After 2 weeks, cell colonies can be seen at the bottom of the dishes. Label the cell colonies.

Shots:
3.10.1. LAB MEDIA: Wang_cell_colonies.tif
3.10.2. CU: Cell colonies being labeled.

3.11. Take 24-well tissue culture dishes, number the wells, and to each well add 2 ml D10 containing Zeocin, doxycycline, and puromycin (TEXT: D10 + 50 μg/ml Zeocin + 1 ng/ml doxycycline + 2 μg/ml puromycin). 

Shots:
3.11.1. MED: Talent numbering wells of a 24-well tissue culture dish and then adding media to the wells.

3.12. Aspirate the medium of the transduced cells. Add one drop of trypsin onto each of the colonies for less than one minute and then add one or more drops of D10 onto the same colonies. With a pipette, pick up the colonies one by one and transfer them into separate wells of the 24-well tissue culture plate.

Shots:
3.12.1. MED: Medium being aspirated from wells of transduced cells. {3.12.1, 3.12.2, and 3.12.3 were combined into a single shot}
3.12.2. CU: A drop of trypsin being added onto each of the colonies, followed by addition of D10.
3.12.3. CU: A colony being picked up by a pipette and transferred to a well of the 24-well plate.

3.13. Culture and expand all cell clones in D10 containing Zeocin, doxycycline and puromycin for the evaluation of viral producing ability. 

Shots:
3.13.1. Use shot from 2.9.2.

4. Evaluating viral production of each cell clone

4.1. To evaluate viral production of each cell clone, trypsinize the producer cells at approximately 4x106 cells, and plate in a 6-cm tissue culture dish in D10 without doxycycline such that the confluency exceeds 90%.

Shots:
4.1.1. MED: Talent aspirating medium from cells and then adding trypsin.
4.1.2. Use shot from 2.1.2
4.1.3. Use shot from 2.1.3.

4.2. 72 hours after removing doxycycline, collect the medium daily for the titer assay, and replace with fresh pre-heated D10. 

Shots:
4.2.1. MED: Talent collecting medium for titer assay.
4.2.2. CU: Fresh pre-heated D10 being added to cells.

4.3. Harvest the viral supernatant by filtering the medium with a 0.45-μm filter.

Shots:
4.3.1. Use shot from 2.7.1. 
4.3.2. Use shot from 2.7.2

4.4. Plate target cells expressing the DC-SIGN (pronounced D-C-sign) receptor (TEXT: 293T.DC-SIGN cells or BMDCs) bound by SVGmu in 96-well culture dishes, at 1 x 104 cells/well. As a negative control, plate 293T cells in the same way. Prepare 2-fold serial dilutions of the viral supernatant and transfer the dilutions to the plated cells (TEXT: 100 μl viral supernatant/well). Usually, 6-8 dilutions are sufficient to reach the range in which transduced GFP-positive cells are in a linear relationship to the amount of virus added. 

Shots:
4.4.1. MED: Talent getting ready to plate cells.
4.4.2. CU: Cells being plated in a 96-well culture dish.
4.4.3. CU: 293T cells being plated in a 96-well culture dish.
4.4.4. CU: Viral supernatant being diluted and then added to cells.

4.5. Centrifuge cells and replace the medium. If Bone marrow-derived dendritic cells (BMDCs) are used, they should be cultured in RPMI medium with 10% FBS and GM-CSF (TEXT: Culture BMDCs in RPMI + 10% FBS + GM-CSF).

Shots:
4.5.1. MED: Talent putting 96-well plates into centrifuge.
4.5.2. CU: Medium being aspirated from wells.
4.5.3. CU: RPMI medium with 10% FBS and GM-CSF being added to wells.
4.5.4. MED: Talent putting 96-well plates into incubator.

4.6. 4-6 days post-transduction, the GFP expression in transduced cells is measured by flow cytometry and the lentiviral vector titer is calculated.

Shots:
4.6.1. LAB MEDIA: Wang_GFP_titer.tif

5. Producing and concentrating lentiviral vectors

5.1. For the production of lentiviral vectors, culture the producer cell line, LV-MGFP, in 15-cm tissue culture dishes.

Shots:
5.1.1. MED: Talent setting down the 15-cm tissue culture dishes with LV-MGFP cells on the work surface.

5.2. Trypsinize the producer cells and plate cells in 15-cm tissue culture dishes at greater than 90% confluency in fresh D10 without doxycycline. Change medium with fresh, pre-heated D10 daily.

Shots:
5.2.1. MED: Talent aspirating medium and then adding trypsin.
5.2.2. CU: Cell suspension being plated in fresh D10 without doxycycline in 15-cm tissue culture dishes.
5.2.3. MED: General shot of talent changing medium of cells in 15-cm tissue culture dishes.

5.3. To concentrate the vectors, harvest the viral supernatant at the time of peak viral production, as determined by the user, and filter it using a 0.45-μm filter.

Shots:
5.3.1. MED: Talent collecting the viral supernatant.
5.3.2. CU: Viral supernatant being filtered and collected.

5.4. Load the filtered supernatant into thick-wall 32.5-ml ultracentrifuge tubes, seal with parafilm, and centrifuge at 50,000 x g, 4°C, for 90 minutes (TEXT: 50,000 x g; 4°C; 90 min).

Shots:
5.4.1. CU: Filtered supernatant being loaded into thick-wall 32.5-ml ultracentrifuge tubes.
5.4.2. CU: Tubes being sealed with parafilm.
5.4.3. MED: Talent putting ultracentrifuge tubes into centrifuge.

5.5. After centrifugation, completely discard the supernatant and thoroughly resuspend the pellet in 50 μl or an appropriate volume of PBS or HBSS depending on the application. 

Shots:
5.5.1. CU: Supernatant being discarded from one of the ultracentrifuge tubes.
5.5.2. CU: Pellet being thoroughly resuspended in appropriate buffer.

6. Results: isolation of high-titer lentiviral vectors that specifically target dendritic cells

6.1. The stable cell line described in this method can produce large quantities of lentiviral vectors that are specifically targeted to dendritic cells. As shown here (Figure 1B), isolation of individual clones yielded stable cell lines of varying quality.

Shots:
6.1.1. LAB MEDIA: 1B from Fig1.eps (uploaded 3/26/13)

6.2. (Figure 1B) Among 26 clones tested, 8 produced lentiviral particles at a titer of greater than 106 transduction units per ml (TU/mL) (Video editor: please draw a box/circle around the top 8 black dots in the graph), which is a typical benchmark for SVg-pseudotyped lentiviral vectors produced by transient transfection. At the same time, several clones produced less than 104 transduction units per ml. (Video editor: please draw a box/circle around the bottom 7 black dots in the graph).  Therefore it is important to isolate multiple clones in order to obtain a strong producer for subsequent applications. 

Shots:
6.2.1. LAB MEDIA: 1B from Fig1.eps (uploaded 3/26/13)

6.3. (Figure 2A) One clone reliably produced lentiviral vectors at a titer of greater than 107 transduction units per ml. To characterize this clone, the viral vector titer of culture supernatants was measured each day for 7 days after removal of doxycycline. Virus production peaked between 48 – 72 hours post induction (Video editor: please draw attention to the 4 tallest bars in days 2 and 3 of the graph). In addition, cells cultured in serum-free media produced nearly as much virus as those cultured with 10% FBS. 

Shots:
6.3.1. LAB MEDIA: 2A from 50606fig2.jpg

6.4. (Figure 2B) Producer cells from this clone were cultured over 3 months and aliquots were tested periodically for virus production. No significant loss of virus production was observed. These results demonstrate that the high level of viral production was stable for multiple days, unaffected by the presence or absence of serum in the culture medium, and achievable in cells cultured for more than 3 months.

Shots:
6.4.1. LAB MEDIA: 2B from 50606fig2.jpg

6.5. (Figure 3A) Subsequently, LV-GFP was used to infect mouse bone marrow-derived dendritic cells and GFP expression was measured with flow cytometry. As shown here, GFP expression was specific to CD11c+ (pronounced C-D-eleven-C-positive) cells, which include dendritic cells. (Video editor: please highlight the tall red bar in graph 3A)

Shots:
6.5.1. LAB MEDIA: 3A from 50606fig3.jpg

6.6. [bookmark: _GoBack](Figure 3B) To confirm that these viruses were not only effective in vitro, mice were immunized with 2 x 107 transduction units of purified and concentrated LV-GFP. Two weeks later, nearly 4% of all CD8+ (pronounced C-D-eight-positive) T cells were activated and expressed interferon gamma (IFN in response to the presentation of the GFP dominant peptide (Video editor: please highlight the tall red bar in graph 3B). Taken together, these results indicate that lentiviral vectors produced by stable dendritic cells-targeted cell lines can selectively transduce dendritic cells in vitro and generate an immune response in vivo. 

Shots:
6.6.1. LAB MEDIA: 3B from 50606fig3.jpg


7. Conclusion (said by authors on camera)
7.1. Chupei Zhang: While attempting this procedure, it’s important to remember to treat the producer cells with the utmost care in order to maximize your chances of isolating a high-titer cell line.
7.2. Paul Bryson: Don't forget that working with lentiviral vectors can be extremely hazardous and precautions such as wearing proper personal protective equipment and working in an approved biosafety cabinet should always be taken while performing this procedure.   
7.3. Chi-Lin Lee: Following this procedure, other envelope proteins can be introduced into the packaging cell line in order to generate lentivectors that target other cell types.


Provided Media

1A. Overview1.eps, Overview2.eps, Overview3.eps, Overview4.eps
2.3. SVGmu diagram from 1C from Fig1.eps (uploaded 3/26/13)
2.11. Wang_SVGmu_expression.eps
3.1. TL20-GFP diagram from Figure 1C of Fig1.eps (uploaded 3/26/13)
3.2. PGK-ble diagram from Figure 1C of Fig1.eps (uploaded 3/26/13)
3.3. Wang_TL20-GFP_digestion.eps
3.10. Wang_cell_colonies.tif 
4.6. Wang_GFP_titer.tif
6.1. – 6.2. 1B from ‘Fig1.eps’
6.3. 2A from ‘50606fig2.jpg’
6.4. 2B from ‘50606fig2.jpg’
6.5. 3A from ‘50606fig3.jpg’
6.6. 3B from ‘50606fig3.jpg’


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.
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