Retroviral Vectors

Required Testing for Replication Competent Virus for Biosafety 2 Approval 


In the interests of safety, the Lifespan Recombinant DNA Committee has adopted a policy regarding work with murine retroviral and lentiviral vectors.  There is concern particularly with the older packaging cell lines in use that, under certain circumstances, recombination events may result in the production of replication competent viruses (RCV).  To prevent this problem, producer cell lines containing a retroviral vector should be tested shortly after being received or created.    It is mandatory that the producer cells be tested at least once prior to using the vectors or producer cells in any in vivo  experiments.  Documentation of testing for replication competent viruses will be required at the time the Progress Report is submitted for Annual Review of approved protocols which involve these vectors.  Protocols received for Annual Review without this data will not be considered.  In case of questions regarding these protocols, contact Dr. Cynthia Jackson (4-4370) or Dr. JiSu Li

 (4-7387) of the Recombinant DNA Committee. 

Background 

Producer cell lines 


One of the primary safety issues concerning the use of eukaryotic viral vectors is the possibility of a recombination event leading to the production of replication competent virus (RCV).  Such a recombination event is most likely to occur within the producer cells.  Accordingly, the design of the producer cell line is important in minimizing the risk of RCV production.  For example, early murine retroviral producer cell lines contain a helper viral genome in which the packaging sequence is deleted.  Unfortunately, one recombination event is all that is required for the production of RCV in these cell lines.  These include psi-2; psi-AM; C3A2; PA12; Clone 32; Q2bn; Q4dh; and N-Pac.  It is strongly recommended that these producer cell lines not be used.  If a retroviral vector is received in one of these producers, the vector should be transferred to another producer cell line (see below) and the resultant clones must be tested for RCV before use. 


A second class of producer cell lines incorporated modifications in the helper genome to reduce the risk of RCV production by requiring two recombination events to occur for helper virus production (i.e. PA317).  This greatly decreased the risk of RCV production.  A third class of retroviral producer cell lines was constructed with the gag-pol and env genes on separate plasmids that were transfected sequentially to create the producer cell line, thus requiring three recombination events for RCV production (i.e. psiCRIP, GP+E-86, and most VSV-G pseudotypes).  Producer cell lines from these latter 2 classes are approved for experimental use at RIH and have been used for clinical trials nationally. 


RCV Assays for Murine Retroviruses.  Note that method 1 is the preferred method, however either of these assays are acceptable by RIH-RDC. 

1. Marker rescue (helper rescue)  (references 1-5) 


This assay is advantageous because it is extremely sensitive, simple to perform and measures the ability to mobilize vectors.  Briefly, the assay measures the ability of RCV to "rescue" or mobilize a replication-defective vector containing a marker gene from a cell line that stably harbors the vector provirus.  It should be noted that cell type is important for the detection of a particular helper pseudotype.  For example, mouse cells are required to harbor the marker provirus for the detection of ecotropic RCV pseudotypes whereas human (or other non-rodent) cell lines are required for the detection of amphotropic or VSV-G pseudotypes.  

Protocol:

1)  The helper test for amphotropic, ecotropic, or VSVG pseudotyped MMLV is performed on NIH3T3 cells.  Replication-defective viruses can infect this host cell but cannot replicate since essential viral proteins required for viral packaging are absent.  Contaminating helper virus is fully capable of replicating in these cells since a recombination event(s) has restored the necessary genes for viral packaging and replication.

2)  Start with 1x106 infectious units of retroviral vector virus in 1 ml of media containing 4 - 8 μg/ml polybrene (or protamine sulfate, Sigma).  Polybrene is a polycation that facilitates viral absorption to the cell surface and increases the probability that a virion will interact with its receptor.

3)  Add virus to one well of a 6-well tissue culture plate (or 2 cm plate) containing NIH3T3 cells at 50-60% confluency.  You are creating an optimal environment for MLV infection, whether replication competent or replication-defective viruses are present.

4)  4.5 hours after inoculation, add 3 mls of media without polybrene (final polybrene concentration is now 2 μg/ml).

5)  1.5-2 days later, split cells 1:4, 1:8; and 1:16 into 6 cm plates without polybrene.  This is a standard tissue culture passage scheme to provide maximum freedom for conducting downstream steps.

6)  1.5-2 days later, split confluent plate 1:2 into 6-cm plates.

7)  Passage the cells four (2) more times in 1:3 or 1:6 splits every two days depending on growth characteristics.  A replication-defective virus will “titer out” during serial passages on NIH3T3 cells; a replication-competent virus will infect NIH3T3 cells and direct the production of more virus.

8)  Two days after the final split, recover media (supernatant) and pass through a 0.45 micron filter.  Prepare two 2 ml aliquots of supernatant, one with and one without 4 - 8 μg/ml polybrene.  Add supernatants, separately, to NIH3T3 cells adjacent to the helper test wells (negative control).  Seed NIH3T3 cells infected with the retroviral stock adjacent to the uninfected controls (or on a separate positive control plate).  Filtration through a 0.45 micron filter will NOT remove virus particles but will remove potentially infected, non-adherent cells from the supernatant that would invalidate the assay.

9)  When the wells are ~95% confluent, detect infected cells using an appropriate assay.  Many viral constructs contain marker genes whose presence can be easily detected, i.e., Beta-Galactosidase, alkaline phosphatase, GFP.  Alternatively, there is likely to be an antibody for the transgene of interest, so a simple immunohistochemical assay for this gene product can be used or start neo selection in G418.  Positive cells indicate the presence of RCV in the producer cells.

2. Reverse Transcriptase assay  (references 5, 10-12) 


The gag, pol, and env genes express the trans activities required for vector production.  These activities are supplied by the producer cells.  This assay provides a rapid and efficient detection method for the presence of gag-pol by measuring the activity of the pol gene product.  This assay is extremely sensitive (detecting 1 - 10 RCV virions/ml SN).  In addition, large numbers of clones can be screened in a single day.  However, this assay only measures one of the trans activities required for RCV production and thus could potentially lead to a false positive result if the env gene is not also present. 

Protocol - Supernatants (10 ml) from producer cell cultures are mixed with 50 ml of the following reaction cocktail - 50 mM Tris-HCl pH 8.3; 20 mM DTT; 0.6 mM MnCl; 60mM NaCl; 0.05% NP-40; 5 mg/ml oligodeoxythymidylic acid; 10 mg/ml polyriboadenylic acid; 10 mM 32P-dTTP.  The reaction is incubated for one hour at 37°C, then spotted onto DE-81 paper, washed, and autoradiographed.  Supernatants from non-producer cell lines and from replication competent virus producer cells can be included as negative and positive controls, respectively.     
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Lentiviral Vectors

The preferred method of testing for replication competent lentiviruses (RCLV) in lentiviral preparations is to test the lentiviral vector stocks for the presence of p24 antigen expression.  This is done by testing for p24 antigen expression in the culture medium of transduced 293T cells for at least 2 passages.  Serial passaging of the transduced 293 cells allows for the amplification of RCLV. Since the vectors are replication-defective, no amplification of p24 signal would normally be expected. If there was an increase in P24 signal with cell passage, however, it would be indicative of RCLV contamination.  The p24 antigen is assayed with a commercial ELISA kit available from a number of different vendors.  Examples include Zeptometrix (http://www.zeptometrix.com/) or the Alliance p24 ELISA (http://las.perkinelmer.com/Catalog/).     

Alternatively, for labs purchasing the viral stocks from a commercial company where the amount of virus is limiting, the conditioned media should be collected from the transduced cells and used to infect 293T cells as described above.

If the lentiviral construct contains a selectable marker,  the marker can also be used to test for the presence of RCLV in viral stocks.  Please refer to the procedure for murine retroviral vectors substituting the appropriate cell line for the 3T3 cells. 
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