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Authors, please fill out the brief questionnaire below.   

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)?  ___N_______
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? __N_______
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___2-7___
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Creating the 15cm plate for adenovirus amplification with the proper progression of infection can be challenging. I will generate several approaches out of which one will have the right state. 

1. Introduction (Schematic Overview and Interview)

0. Schematic Overview (read by voice talent at JoVE):
0.1. This protocol provides a workflow for the production of infectious adenoviral particles that are used to transduce a gene of interest into naive T cells, which, upon ectopic expression of the transgene, are differentiated into regulatory T cell  or " Tregs" (pronounced Te-regs).
0.1.1. Title card

0.2. First, the gene of interest is cloned into the adenoviral destination vector. 
0.2.1. 50455_Heissmeyer_SchematicOverview_UPPER LEFT

0.3. The vector is then transferred into the adenovirus producer cell line HEK293A and infectious adenoviral particles are generated.
0.3.1. 50455_Heissmeyer_SchematicOverview_UPPER RIGHT

0.4. The resulting viruses are used to infect naive T cells from mice with an adenovirus receptor transgene.  After infection, the cells are then rested to ensure expression of the gene of interest in naive T cells.
0.4.1. 50455_Heissmeyer_SchematicOverview_LOWER LEFT

0.5. The T cells are activated in polarizing conditions to induce Treg differentiation. Then, the cells are fixed and stained for flow cytometric analysis. 
0.5.1. 50455_Heissmeyer_SchematicOverview_LOWER RIGHT

0.6. Ultimately results can be obtained that show expression of the Treg differentiation marker Foxp3 and the infection marker GFP, which may be influenced by the overexpressed gene of interest.
0.6.1. 50455_Heissmeyer_SchematicOverview_LOWER RIGHT

[image: ]

1. Interview: (Said by you on camera. Don’t forget to smile!)  


1.1. [Sebastian Warth] The main advantage of this technique over existing methods, like retroviral gene transduction is that it allows overexpression of a gene of interest in naive T cells at a high level of overexpression present at the moment of T cell activation. 

1.2. [Vigo Heissmeyer]: This method can help answer key questions in the regulatory T cell field, for example the posttranscriptional gene regulation that underlies the establishment of Treg identity.


Protocol (read by voice talent at JoVE):
2. Cloning of a gene of interest into an Entry vector
2.1. Begin this protocol by cloning the gene of interest into an entry vector.  The PCR amplified gene of interest is blunt-end ligated into the topoisomerase-coupled vector pENTR/D-TOPO (pronounced pe-Enter-de-topo). 
2.1.1. LAB MEDIA: 50455_Heissmeyer_Figure 1 (bottom circle)

2.2. The gene of interest is then transferred, by LR recombination, into the pCAGAdDu (pronounced pe-cacadoo) destination vector. It contains the adenoviral genes and an internal ribosomal entry site or “IRES” (pronounced ires rhymes to cypress) followed by the open reading frame of GFP to create an adenoviral expression vector with an infection marker.
2.2.1. LAB MEDIA: 50455_Heissmeyer_Figure 1 (add top circle and animate merging to create right circle)

2.3. [bookmark: _GoBack]Next, 10µg of the adenoviral expression vector is linearized in a PacI (pronounced pac-one) restriction digest.  The DNA is then precipitated and resuspended in water at a concentration of 3 µg per 100 µl. 
2.3.1. LAB MEDIA: 50455_Heissmeyer_Figure 1 (animate cutting and linearization of right circle to become straight line “gene”)

2.4. Linearization liberates the viral inverted repeats, or “ITR”, which are required for replication and encapsidation of the viral DNA into virus particles.
2.4.1. LAB MEDIA: 50455_Heissmeyer_Figure 1 (highlight gray box indicating ITR)

3. Generation of the primary virus lysate
3.1. All of the following steps should be performed under the appropriate biosafety conditions for adenovirus infection.
3.1.1. MED:  Talent, wearing appropriate biosafety equipment sets up work-space under hood.

3.2. To prepare linearized vector for co-transfection, transfer 6 µl of jetPEI (pronounced jet-pe-e-i) reagent into 94 µl of 50 µM NaCl.  Vortex briefly. Then, while vortexing, add the mixed solution to 100 µl of linearized adenovirus vector. Incubate this transfection mix for 15-30 minutes at room temperature.
3.2.1. MED:  Talent, working under a hood adds jet PEI to NaCl
3.2.2. CU:  Talent vortexes
3.2.3. CU:  Talent adds mixed solution to “adenovirus vector” while vortexing then caps the tube and places it in a tube rack for RT incubation (authors note that there is no need to use real adenoviral vector)

3.3. Next, remove HEK293A (pronounced Hek-two-nine-three-a) cells, grown to 50% confluency on 6 well plates, from the incubator.  (Text overlay:  see accompanying text for culturing techniques)
3.3.1. MED:  Talent removes the cells from the incubator (6-well plates)

3.4. Dispense the solution drop-wise into the wells containing HEK293A cells and incubate them at 37° C and 10% CO2.  Add 0.5 mL of fresh medium every 3 days.
3.4.1. MED:  Talent seated at hood begins dispensing the solution drop-wise on the cells
3.4.2. CU:  Talent dispenses the solution onto the cells
3.4.3. MED:  Talent places 6-well plate in incubator
3.4.4. CU:  Talent adds fresh medium

3.5. Using GFP expression as an infection marker, evaluate the transfection efficiency visually with an inverted fluorescence microscope.
3.5.1. MED:  Talent places a 6-well dish on an inverted microscope and looks through eye pieces (do 2 takes)
3.5.2. LAB MEDIA:  50455_Heissmeyer_partialTransfection (Editor, show left panel then transition to right panel- exclude text).

3.6. Every 2-3 days, check for cytopathic effects, evidenced by areas with enlarged and rounded cells that start to detach. This is indicative of efficient virus generation. Once broader zones of cytopathic effects appear, all cells will be infected within 24-72 hours.
3.6.1. Reuse shot 3.5.1. Talent places a 6-well dish on an inverted microscope and looks through eye pieces
3.6.2. LAB MEDIA: 50455_Heissmeyer_Figure 3

3.7. When all of the cells show signs of cytopathic effects, but before an overall detachment of cells occurs, harvest the cells by gentle pipetting and transfer them with the supernatant to a 15 mL polystyrene tube. (Text overlay: Supernatant should be 3-5 mL)
3.7.1. CU:  Talent gently pipettes to detach cells and transfers them to a 15 mL tube

3.8. Next, to rupture the cells, freeze the suspensions on dry ice for 15-20 minutes.  Then quickly thaw them at 37° C. Repeat this freeze-and-thaw-cycle two more times. The ruptured cell suspension is now referred to as the “primary virus lysate”.
3.8.1. CU:  Talent places the 15 mL tubes of supernatant on dry ice (Do 2 takes)
3.8.2. CU:  Talent places the tubes in a 37 degree water bath 
3.8.3. REUSE 3.8.1: Talent places the 15 mL tubes of supernatant on dry ice

3.9. Keep all virus lysates on ice if they will be used within a day.  For long term storage, freeze them at -80° C. Keep in mind that any additional freeze thaw cycles will reduce the virus titer by 30-50%.
3.9.1. CU:  Talent places tube of lysate on regular ice
3.9.2. CU:  Talent places the tube at -80

4. Virus amplification
4.1. To amplify the primary virus lysate, infect HEK293A cells grown to 90% confluence on 15cm tissue culture dishes with half of the primary virus lysate and incubate for at least 36 hours. (Text overlay: For the re-amplification of an already amplified virus stock, infect HEK293A at  MOI = 50.)
4.1.1. CU:  Talent transfers primary virus lysate to a plate of cells

4.2. After 36 hours, check for infection by fluorescence microscopy.  Nearly all cells should be infected.
4.2.1. MED:  Talent places a 14 cm dish on microscope and looks through eyepieces.

4.3. Once all of the cells show cytopathic effects, but not detachment, harvest the cells by gentle pipetting.  With efficient virus production this state is reached within 48 hours of infection. (Text overlay: If amplification takes 1 week or more, perform another round of amplification). Transfer the cells and supernatant to a 50 mL polystyrene tube. 
4.3.1. CU:  Talent harvests the cells by gentle pipetting and transfers them into 50 mL tubes

4.4. Spin cells down at 300 g for 10 min at 4° C. 
4.4.1. MED:  Talent places 50 mL tube in CF and closes the lid 


4.5. Following the spin remove the supernatant and resuspend the pellet in a suitable volume of medium.  1 mL should result in a titer in the range of 1010 / ml. 
4.5.1. CU:  Talent removes the supernatant and resuspends the pellet in medium 

4.6. Perform 3 freeze-thaw cycles as before to disrupt the cells.  Then, centrifuge at 900 g for 20 min at 4° C. 
4.6.1. Talent places the 50 mL tubes of supernatant on dry ice 
4.6.2. Talent places the tubes in a 37 degree water bath 
4.6.3. New shot: Talent places the 50 mL tube containing 1ml supernatant in the CF and closes the lid (TEXT: 900 g, 20 min, 4° C). 

4.7. After the spin, carefully transfer the supernatant, which is now referred to as “the concentrated virus lysate”, to a Cryotube. Make aliquots for multiple infections and store them at -80° C.
4.7.0. CU:  Talent carefully transfers super to Cryotube 
4.7.1. CU:  Talent aliquots the super
4.7.2. MED:  Talent places the super in the -80

4.8. Finally, determine the virus titer by FACS analysis of infection marker expression in A549 cells according to the instructions in the accompanying document.
4.8.1. MED:  Talent places a tube in the loading port of the FACS  (do 2 takes)
4.8.2. 50455_Heissmeyer_Figure4

5. T cell infection
5.1. This part of the protocol is performed using naive/resting CD4 T cells isolated from DO11.10 tg; CARΔ1 tg (pronounced de-oh-eleven-ten-transgenic-car-delta-one-transgenic) mice.   (Text overlay: isolate cells using MACS (Naive CD4+ T Cell Isolation Kit II) or FACS sorting (CD4+ CD25- CD62L+ CD44-)) 
5.1.1. MED:  Talent sets sorted cells in the work area

5.2. For small-scale experiments, pipette an appropriate volume of viral lysate to achieve an MOI of 50 into one well of a 96-well round bottom plate. Add up to 4x105 T cells in a final infection volume of 50 µl in T cell medium. This setup allows parallel experimental approaches.
5.2.1. CU:  Talent pipettes lysate into a 96 well round bottom plate
5.2.2. CU:  Talent adds T cells
5.2.3. CU: Talent adds T cells with a multichannel pipet.

5.3. . Incubate cells for 90 min at 37° C in a 5% CO2 incubator.
5.3.1. MED:  Talent places 96 well plate in the incubator (do 2 takes)

5.4. Following the incubation, spin the cells down at 300 g for 5 min at room temperature.  After the spin, resuspend them in 200 µl of PBS. Centrifuge again and take off the supernatant. (Text overlay: Optional: the cells may be washed again to remove the virus more efficiently)
5.4.1  MED:  Talent places plate in the CF (do 3 takes)
5.4.2  Talent removes supernatant
5.4.3  CU:  Talent resupends cells in PBS
5.4.4  REUSE 5.4.1 Talent places plate in the CF



5.5. Resuspend cells in 200 µl of T cell medium without stimulating antibodies and without IL-2 or other cytokines. Then, rest the cells for 40 hours at 37° C in a 5% CO2 incubator to allow expression of the gene of interest before activation.
5.5.1. CU:  Talent adds T cell medium
5.5.2. USE 5.3.1   Talent places 96 well plate in the incubator

6. T cell activation and polarization
6.1. To activate and polarize the T cells, pipette anti-CD3- and anti-CD28-coupled beads into a small reagent cup.  The number of beads should be equal to the number of cells.   Then, 10-fold the volume of PBS and place them on a magnet for 2 min. 
6.1.1. CU:  Talent pipettes antibody coupled beads into a small reagent cup and adds PBS
6.1.2. CU:  Talent places the beads in a magnet

6.2. Next, take off the supernatant and resuspend the beads in 200 µl of polarizing medium. 
6.2.1. CU:  Talent removes the supernatant and resuspends the beads in medium) 

6.3. Centrifuge the rested cells at 300 g for 5 minutes at room temperature. 
6.3.1. REUSE 5.4.1 Talent places plate in the CF

6.4. Following the spin, take off the supernatant and resuspend cells in 200 µl polarizing medium containing antibody-coupled beads. Incubate for 72 hours at 37° C in a 5% CO2 incubator without changing medium.  
6.4.1. CU:  Talent takes of the super and resuspends cells in polarizing medium with beads
6.4.2. MED:  Talent places supernatant in the incubator 

7. T cell fixation and staining for flow cytometry  
7.1. Once the cells have been activated and polarized, fix and permeabilize the cells using 2% Paraformaldehyde followed by 70% Methanol. Afterwards the cells can be treated without adenovirus biosafety precautions. Block unspecific binding by incubating with anti-FCR3 and stain the cells for Foxp3 as described in the accompanying document. 

7.1.0  CU: talent pipets 2% Paraformaldehyde (PFA) on cells (new shot)
7.1.1. MED:  Talent at bench pipetting cells into tubes for staining

7.2. “There is a risk of loosing a lot of cells during the fixation and staining procedure due to the multiple washing steps.  To avoid loss, make sure to take off the supernatant right after centrifugation without disturbing the pellet with the pipet tip.”
7.2.1. MED: Talent looks up from the bench and says the above line
7.2.2. MED:  Talent takes tube out of centrifuge Note from Author: “I’m afraid there was a misunderstanding. Here one the shot ‘talent pipets staining solution on 96-well plates’ would have been preferable with regard to the next sentence. I’m not sure if we took a shot similar to 7.2.2 but shown with the 96-well plate. If so, that would replace 7.2.2. If not, I suggest to omit the shot 7.2.2.”
7.2.3. CU:  Show talent carefully taking supernatant off of a pellet

7.3. The protocol for staining is described in brief here.  First, the cells are washed in PBS and incubated with fixable dead cell staining solution.
7.3.1. 50455_Heissmeyer_StainingScheme2.ai (Illustration showing cartoon of cells in tube before and after incubation with fixable dead cell staining solution. Use first tube of StainingScheme2.ai file which corresponds to Picture1, Picture2 and Picture3 of the StainingScheme_animation.jpg file)
Note from Author: “50455_Heissmeyer_StainingScheme2 providing the basis for animation of section 7. In the file 50455_Heissmeyer_StainingScheme_animation.jpg I give a suggestion on how the animation would work in the right order.  You can use the arrows showing incubation time as they fit with the voice over text, I do not insist on having them (although it makes sense).”

7.4.  After another wash step, the cells are fixed in paraformaldehyde, permeabilized with methanol, and incubated with anti-FCR3 to block non-specific binding.
7.4.1. 50455_Heissmeyer_StainingScheme2.ai Illustration of cells, before and after FCR3 antibodies (Use 2nd, 3rd and 4th tube of StainingScheme2.ai file. Picture4, Picture5, Picture6 of the StainingScheme_animation.jpg file correspond to the 2nd tube only of the .ai file; the rest of the animation continues in the same manner.)

7.5. Finally the cells are incubated with anti-FCR3 and PE-coupled anti-Foxp3 (pronounced anti-Fox-pe-three) antibodies.
7.5.1. 50455_Heissmeyer_StainingScheme2.ai  Illustration of cells before and after FCR3 plus Foxp3-PE antibodies (Use the last two tubes of StainingScheme2.ai file.)

7.6. After the cells have been stained, wash cells twice in PBS and analyze cells on a flow cytometer.  A 96-well reader on the flow cytometer allows performing T cell infection, differentiation, fixation and staining in the same 96-well plate providing an efficient workflow for parallel analyses of multiple conditions.
7.6.1. Reuse 4.8.1, take 3 (no gloves):  Talent places tube in loading port of Flow cytometer 

7.6.2. CU: Talent places 96-well plate on the 96-well reader of the flow cytometer



8. Infection does not interfere with T cell activation
8.1. To assess the effect of adenovirus infection on T cell viability and Treg differentiation, naive T cells purified from DO11.10 tg; CARΔ1 tg (pronounced de-oh-eleven-ten-transgenic-car-delta-one-transgenic) mice were infected with control adenovirus at different MOIs and activated in Treg polarizing conditions. 
8.1.1. 50455_Heissmeyer_Figure 5

8.2. Fixed and stained cells were analyzed by flow cytometry for the expression of the infection marker GFP, incorporation of dead cell dye, and for the differentiation marker Foxp3. 
8.2.1. 50455_Heissmeyer_Figure 5 (Editor use arrow to point to each row as it is mentioned)

8.3. As shown here, increasing the MOI from 1 to 50 results in a higher percentage of infected cells while neither viability nor Treg differentiation is affected. 
8.3.1. 50455_Heissmeyer_Figure 5

8.4. To determine whether adenovirus infection affects the activation status of T cells, infected and non infected cells were analyzed for expression of activation and resting markers by FACS.  As seen here, expression of these markers was indistinguishable in infected and non-infected cells.
8.4.1. 50455_Heissmeyer_Figure 6a

8.5. When cells were then activated in Treg polarizing conditions, up-regulation of activation markers and down-regulation of naive T cell markers was very similar in infected and non-infected cells. 
8.5.1. 50455_Heissmeyer_Figure 6b

8.6. Taken together, these data indicate that infection of T cells at a naive state and does not interfere with subsequent T cell activation.
8.6.1. 50455_Heissmeyer_Figure 6b

8.7. To test the level of overexpression achieved with the described adenoviral transduction protocol, naive T cells were infected with microRNA-155 encoding or control adenovirus at an MOI of 50. 
8.7.1.  50455_Heissmeyer_Figure7a_left part  

8.8. Cells were either rested for 40 hours, activated for 40 hours, or were rested for 40 hours followed by an activation of 40 hours. cDNA was generated and microRNA-155 expression was determined relative to SnoRNA202 (pronounced sno-R-en-a-twohoundredtwo) by quantitative PCR. 
8.8.1. 50455_Heissmeyer_Figure 7a_add right part
8.8.2. 50455_Heissmeyer_Figure7b_1, 
8.9. MicroRNA-155 overexpression levels in naive T cells rested for 40 hours matches endogenous microRNA-155 expression levels after 40h of T cell activation.
8.9.1. 50455_Heissmeyer_Figure7b_2, 

8.10. Activation of those cells still induces activation-dependent microRNA-155 upregulation. This demonstrates the high level of overexpression in naive T cells by adenovirus on top of the endogenous, activation-induced microRNA expression. 
8.10.1. 50455_Heissmeyer_Figure7b_3

9. Conclusion (said by authors on camera
9.1. [Sebastian Warth]: Once mastered, the procedure of cloning, virus generation and T cell infection can be completed within four weeks. The virus, once created, can be stored long-term or reamplified within three days. 

9.2. [Vigo Heissmeyer]: While attempting this procedure, it’s important to remember to carefully control all experiments with an empty vector and to establish the effect of adenoviral infection itself on the studied process. Keep in mind that adenoviral overexpression is transient and lasts for about five to seven days. 


Provided Media
50455_Heissmeyer_Graphic overview
50455_Heissmeyer_partialTransfection
50455_Heissmeyer_FACSflow
50455_Heissmeyer_Figure 6 Adenovirus infection does not affect T cell activation status_separate
50455_Heissmeyer_Fig7a
50455_Heissmeyer_Fig 7b_1
50455_Heissmeyer_Fig 7b_2
50455_Heissmeyer_Fig 7b_3
50455_Heissmeyer_StainingScheme2

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.
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