
recombinant lentiviral vector 
production

Some viral proteins are toxic, therefore stable transfected cells cannot be produced.
The packaging cells (human kidney 293) are transiently transfected with the all the vector components.
High viral titers are obtained by using the HIV vectors devoid of vif, vpr, vpu e nef. 
The pseudotyping with VSV-G increases vector production although VSV-G is toxic at high level.

The production of lentiviral vectors requires the introduction, in the
packaging cells, of all the vectors (the packaging, the transfer and the
env constructs).





packaging vectors: trans lentiviral 
system



envelope vector



transfer vector



Vector: Lenti6/V5-GW/lacZ
Host cells: HT1080

TU    5                 46             TU/ml4,8 x 10^6



Retrovirus
safety concerns



Safety
Produzione di particelle competenti per la replicazione (RCR):
La ricombinazione omologa/ectopica/NHEJ avviene sempre nel DNA
Steps che portano alla formazione di RCR:
I- ricombinazione tra i vettori nella cellula packaging
II - co-packaging di RNA diversi nella stessa particella virale e successivo trasferimento nella 
cellula bersaglio

ex vivo transduced bone marrow progenitor cells that had been inadvertently exposed to 
high titer RCR contained in the retroviral vector material to severely immunosuppressed 
Rhesus monkeys. In this setting, 3/10 animals developed lymphomas and died within 200 
days (Donahue et al 1992). 
Reshus monkey- midollo osseo trattato ex vivo con vettore MoMLV
3 dei 10 animali trattati  hanno sviluppato “T-cell lymphoma”

2 dei 3 hanno mostrato RCR derivate da ricombinazione con i vettori che 
formavano il sistema di packaging/env

1/3 ha mostrato RCR derivanti da ricombinazione con un retrovirus endogeno

Donahue, R. E., S. W. Kessler, D. Bodine, K. McDonagh, C. Dunbar, S. Goodman, B. Agricola, E. Byrne, M. Raffeld, R. Moen, J. Bacher, K. M. 
Zsebo, and A. W. Nienhuis. 1992. Helper virus induced T cell lymphoma in nonhuman primates after retroviral mediated gene transfer. J. 
Exp. Med. 176:1125-1135. 



Lentivirus-2
safety concerns



Safety: RCR

ex vivo transduced bone marrow progenitor cells that had been inadvertently exposed to 
high titer RCR contained in the retroviral vector material led to severely immunosuppressed
Rhesus monkeys. In this setting, 3/10 animals developed lymphomas and died within 200 
days (Donahue et al 1992). 

Reshus monkey- midollo osseo trattato ex vivo con vettore MoMLV
3 dei 10 animali trattati  hanno sviluppato “T-cell lymphoma”

• 2 dei 3 hanno mostrato RCR derivate da ricombinazione con i vettori che formavano il 
sistema di packaging/env

• 1/3 ha mostrato RCR derivanti da ricombinazione con un retrovirus endogeno

Donahue, R. E. et al. 1992. Helper virus induced T cell lymphoma in 
nonhuman primates after retroviral mediated gene transfer. J. Exp. Med. 
176:1125-1135. 



RCR
RCR, REPLICATION COMPETENT RETROVIRAL particle can form by:

• Homologous recombination among the vectors composing the recombinat-
vector system

• Recombination beteween the recombiant-vector system and endogenous
provirus –



one recombination step is required to generate a replication competent retrovirus (RCR)

two recombination steps are required to generate a replication competent retrovirus (RCR)

three recombination steps are required to generate a replication competent retrovirus (RCR)

The vector system dictates number of recombination events



THE AMOUNT TO BE TESTED

To ensure that retroviral vector 
supernatants used in human clinical 
trials are free of RCR, the Center for 
Biologics Evaluation and Research 
(CBER) of the Food and Drug 
Administration (FDA) recommends that 
5% of each vector supernatant lot, and 
108 or 1% of the end-of-production 
cells be tested for RCR (US Food and 
Drug Administration, 1993).

Guidance for Industry 
 

Supplemental Guidance on Testing for 
Replication Competent Retrovirus in 

Retroviral Vector Based Gene 
Therapy Products and During  

Follow-up of Patients in Clinical  
Trials Using Retroviral Vectors 

 
 

This guidance is for immediate implementation. 
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Therapies at 301-827-5102. 
 
 
 
 

U.S. Department of Health and Human Services 
Food and Drug Administration 

Center for Biologics Evaluation and Research 
November 2006 

THE CELLS TO BE USED

Use of a cell bank system is
recommended in order to ensure an 
adequate and consistent supply of vector
producer cells. The Master Cell Bank 
(MCB) is a collection of cells of uniform
composition derived from a single tissue
or cell. The Working Cell Bank (WCB) is
derived from one or more ampules of the 
MCB, expanded by serial subculture to a 
specified passage number

U.S. Department of Health and Human 
Services Food and Drug Administration Center 
for Biologics Evaluation and Research 
November 2006 



• Murine oncoretroviruses have been known to develop recombinations
leading to RCR (Replication Competent Retrovirus);

• RCL (Replication Competent Lentivirus), has not been reported with the 
commonly used lentiviral vector systems, although theoretically possible;

• A question that is still debated is whether vector product should be 
screened for a true RCL, or should signs of recombination events between
vector and packaging plasmids (without complete generation of RCL) be 
grounds for rejecting a vector product 

Sastry L, Cornetta K. Detection of replication competent retrovirus 
and lentivirus. Methods Mol Biol. 2009;506:243-63. doi: 10.1007/978-
1-59745-409-4_17. PMID: 19110631.



HOW TO TEST RCR/L
CELL CULTURE BASED ASSAY TO 
DETECT RCR

Virus is detected using
• indicator cell line. The PG-4 cell line 

is S+/L−, it contains the murine 
sarcoma virus genome (S+) but lacks
the murine leukemia virus genome
(L−). When infected by a murune
leukimia virus these cells are 
induced to a transformed phenotype. 

• Virus is detected using the marker 
rescue assay . The permissive cell
line contains a retroviral vector with a  
“marker” gene (neomycin). If RCR 
are present it will package both the 
RCR genome and the rescue marker 

MOLECULAR AND BIOLOGICAL 
ASSAYS FOR DETECTION OF 
RCL 

Virus is detected in C8166 
(Indicator) cells, which are cultured
for an additional seven days and 
analyzed for the presence of viral
markers. 
• Sensitive assays have been

developed for detection of RCL 
indicative markers: p24gag 
antigen (by ELISA), 

• viral reverse transcriptase (by 
product enhanced reverse 
transcriptase or PERT), 

• psi-gag sequences (by PCR) 
• the psuedotyping envelop VSV-G 

(by PCR) 



The amplification step
The test material is placed on a permissive cell line, and the cells are passaged for a 
minim um of 3 weeks (amplification phase) 
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RCR genome and “rescue” the marker vector. Cell free media 
from the amplification phase cells is then used to transduce a 
naïve cell line, which is then subjected to drug selection. Dem-
onstration of drug resistance in the transduced cell population is 
indicative of RCR. In the extended S + /L −  assay, the amplification 
cells do not contain vector. Instead, virus is detected using indi-
cator cell lines, such as the cat cell line PG-4  (42) . The PG-4 cell 
line is referred to as a S + /L −  cell line, as it contains the murine 
sarcoma virus genome (S + ) but lacks the murine leukemia virus 
genome (L − ). Cells that express the murine sarcoma virus induce 
a transformed phenotype but only in cells coexpressing a murine 
leukemia virus. In this assay, media from the amplification phase is 
placed on PG-4 cells and transformation indicates the present of 
RCR. The S + /L −  assay can also be performed without the ampli-
fication phase (a direct S + /L −  assay), which allows one to titer the 
number of RCR (expressed as focus forming units per mL).  

  Fig.  1.    The detection of replication competent 
retrovirus (rcr) using biologic assays. Amplifica-
tion Phase: Test material depicts retroviral vector 
supernatant in which a small portion of the rep-
lication defective vector material ( open ovals ) 
is contaminated with RCR ( filled ovals   ). Biologic 
assays often utilize a 3-week amplification phase 
in which a permissive cell line is used to increase 
the titer of any RCR present in the test material. In 
the Marker Rescue Assay, the cell lines used in the 
amplification phase contains an integrated retrovi-
ral vector that expresses a marker gene (such as 
a drug resistance gene). If RCR is present, it will 
“rescue” the marker vector and the cell superna-
tant will contain RCR along with virions capable 
of conferring drug resistance to naïve cells in the 
Indicator Phase. The S + /L −  assay also has an ampli-
fication step, but in this case the indicator cell line 
detects RCR directly. The indicator cell is termed 
an S + /L −  cells since it contains the murine sarcoma 
virus (MSV), which will transform the cell pheno-
type but only in the presence of a murine leukemia 
virus (MSV) RCR.       
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monitoring RCR: fosuc forming assay

PGL-4 S+L- assay: it is based upon morphological changes in the PG-4 
indicator cells. In this cells, following MLV infection syncitia are formed leading 
to foci. 

176 S.P. Forrstell et al. 1 Journal of Virological Methods 60 (1996) 171.. 178 

Fig. 2. Photomicl-ogt-aphs (all at 40 x magnification) comparing morphological differences in spinoculated PG-4 S + L - 
(1400 x g, 3 h, polybrene) 7 days after inoculation with (A) medium. (B) positive control 407OA MLV supernatant. or (C) high 
RCR-negative vector supernatanl. 

CCllS 

titer 
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Fig. 2. Photomicl-ogt-aphs (all at 40 x magnification) comparing morphological differences in spinoculated PG-4 S + L - 
(1400 x g, 3 h, polybrene) 7 days after inoculation with (A) medium. (B) positive control 407OA MLV supernatant. or (C) high 
RCR-negative vector supernatanl. 

CCllS 

titer Photomicrogrphs (all at 40X magnification) comparing morphological differences in PG-4 S+L–

7 days after inoculation with (A) medium. (B) positive control, MLV supernatant. or (C) high titer 
RCR-negative vector supernatant.

MLV (murine leukemia virus) is measured using a focus-forming assay on PG-4 S+L− cells which contain a 
replication-defective murine sarcoma virus. Superinfection by MuLV rescues the sarcoma virus resulting in 
transformation and the formation of foci



Infection of indicator cell 
lines



Monitoring vector recombintion
This assay is based on a cell line containing a stably integrated 
copy of the puromycin resistance gene (HeLa-puro) introduced 
by transduction with a lentiviral vector. Since the puromycin 
gene was placed under control of the HIV-1 LTR, it is inducible 
by Tat expression.

A) Supernatants from cultures of 293T cells 
infected with a second generation lentiviral
vector (107 infectious units [IU]) 

B) SN is inoculated in 293T cells previously co-
transfected with the Env construct (pVSV-G) 
and the tat-expressing vector (pCMV-tat).

C) after few days of incubation the culture 
supernatant (SN) possibly containing RCR, is 
collected

A) HeLa-puro cells are inoculated with the 
culture SN; cells are cultivated under 
selection with puromycin

Infection of indicator cell lines 
harboring puromycin resistance 
gene under control of HIV-1 LTR



The detection of puromycin resistant cell colonies is reverse transcriptase-
dependent

The non-nucleoside reverse transcriptase inhibitor, Nevirapine, completely blocked colony formation, 
indicating that the formation of lentiviral vector recombinants was dependent on the function of the HIV-1 
reverse transcriptase.

RT inhibitor
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lentivirus containing a functional gag-pol structure (LTR-gag-pol-LTR), which is absolutely
required for retroviral DNA mobilization and the emergence of RCR.

Importantly, the trans-vector appears to retain all of the properties for efficient transduc-
tion of non-dividing cells. Terminally differentiated macrophages and CD34+ human bone
marrow cells are efficiently transduced.36 Bone marrow-derived mouse stem cells transduced ex
vivo with the trans-vector are able to mediate long term reconstitution of lethally irradiated
mice and maintain normal hematopoiesis in vivo. In fully reconstituted animals, trans-gene
(GFP) expression was observed for 20 weeks and GFP positive cells could be transferred long-
term to secondary transplant recipients (unpublished), similar to that reported for the lentiviral
vector.43 Other studies in mice indicate that the trans-vector can mediate efficient and long-
term trans-gene expression in the retinal pigment epithelium (unpublished results). Since the
trans-vector alters the normal process of virion assembly, its stability and titer have been carefully
examined and found to be three to five fold reduced compared to that of the lentiviral vector.36

It is possible that this difference in titer may be overcome using a stable packaging cell line for
vector production. In summary, the trans-RT-IN/Gag-Pro design of the trans-vector represents
an important advancement in biosafety at two levels: it controls the regeneration of lentiviral
recombinants containing functional gag-pol and it enables in vitro testing of trans-vector stocks
to assess the risk of generating RCR in vivo. The trans-vector design appears to address impor-
tant safety considerations that will likely help advance lentiviral vectors toward the clinic.

Advancing Lentiviral Vectors Toward the Clinic
Great progress has been made in the design of lentiviral vectors with respect to both

biosafety and performance in vivo.24,25,27,36,43-46 This appears to be especially true for targets
where long term expression of the trans-gene is desired such as the central nervous system,
hematopoietic stem cells and the eye. Based on this premise, it is likely that a lentivirus will
soon be proposed for clinical evaluation. Because of the limitations of animal models to evalu-
ate lentiviral vector designs for their potential to induce disease, safety will ultimately be deter-
mined in human hosts.

Fig. 4. Analysis of state-of-the-art lentiviral vector systems for the generation of env-minus recombinant
lentivirus. Stocks of lentiviral vectors were prepared using a third generation packaging construct (A), a third
generation packaging construct in combination with a SIN vector (B), and the trans-vector (C), respectively.
108 infectious units of A and B and 109 infectious units of C were used to infect cultures of 293T cells
containing the puromycin resistance gene as depicted in Figure 1. Three days later the culture supernatants
were collected, concentrated by ultracentrifugation and used to infect HeLa-tat cells. After selection in
medium containing puromycin the resistant cell colonies were visualized by staining with crystal violet.

155Safety Considerations in Vector Development

Quality assurance methods based on in vitro monitoring for RCR seem to be of limited
value as a predictor of safety in vivo, especially in the long term. The detection of env-minus
recombinant lentivirus among 107 infectious vector particles raises the possibility that in the
large scale production required for gene therapy applications, the probability of generating
recombinants containing functional env may be increased. The ability of HIV-1 cores to acquire
and utilize cellular membrane proteins such as CD4/CCR5 or CXC4 for infection47-49 suggests
the possibility that env-minus recombinant virus could infect dividing and nondividing cells
through alternative mechanisms (Env independent). It has long since been thought that infection
with xenotropic endogenous retroviruses may have occurred via alternative viral or cellular
receptors provided in trans.50 This notion was recently supported by a report showing env-
minus HIV-1 can infect CD4-minus and CD4-positive cells through a pathway independent
of the viral Env glycoprotein.51 Therefore, the ability to directly monitor env-minus recombinant
virus in vitro as a surrogate marker for the possible emergence of RCR in vivo may represent a
significant advancement in quality assurance. The combination of the trans-vector design with
an in vitro assay that monitors for recombinants devoid of functional gag-pol as a means to
quality assure lentiviral vector stocks is illustrated in Figure 6.

The failure to detect env-minus recombinant lentivirus in the trans-vector system may
suggest that either the assay is not sensitive enough or that recombinants are not formed at the
titers tested. By comparison with lenti-vectors, the assay is at least three orders of magnitude
beyond the limits of sensitivity. Since the trans-vector has been show to generate RT-IN minus
recombinants,36 it may also be possible to regenerate recombinants containing functional gag-
pol. However, this would require three restricted steps: first, single virions (vector particles)
must co-package three different mRNAs, two of which do not contain the ψ packaging signal;
second, the three separate genetic elements (mRNAs) must recombine; and third, recombination
must occur in a manner that restores a functional LTR-gag/gag-pol-LTR structure. The failure
to detect recombinants with functional gag-pol in large-scale, high titer stocks (>109) of trans-
vector support the idea that the trans-lenti design help control the risks associated with genetic
recombination.

Fig. 5. Genetic components of the trans-lentiviral packaging system. The trans-lenti packaging construct
is illustrated as pCMV-gag-pro. The pCMV-vpr-RT-IN construct encodes the Vpr-RT-IN fusion pro-
tein, which is packaged into the Gag/Gag-Pro particles, providing the reverse transcriptase and integrase
function. Proteolytic processing by the viral protease liberates mature and enzymatically active RT (p51/
p66) and IN proteins.41

While the third generation and SIN vectors 
transferred puromycin resistance to naive 
cells, the trans-vector did not

recombination in third generation and third generation SIN and trans 
lentivaral vector lentival vectors



789DETECTION ASSAY FOR RD114 VIRUS

detect defective viral particles.  To detect infectious ERVs
exclusively, samples are inoculated into susceptible cells,
and then the viruses replicated in the cells are detected.  In
this study, we showed that human TE671 cells are most sus-
ceptible to RD114 virus, and the cells support replication of
the RD114 virus efficiently.

To detect replicated RD114 viruses in TE671 cells, sev-
eral methods may be applicable: RT activity assay, PCR,
RT-PCR, indirect immunofluorescent assay, immunostain-

ing, and a marker rescue assay; however, an anti-RD114
virus antibody which can be used for indirect immunofluo-
rescent assay and immunostaining is not available to us at
the moment.  There is a risk of cross-contamination in the
PCR and RT-PCR assays during the steps of DNA or RNA
preparation and amplification.  RT activity assay requires
radioisotopes (32P or 3H) with a facility for the radioisotopes
or a commercial ELISA kit, which is rather expensive.  A
LacZ marker rescue assay can be carried out easily and does
not require special equipment such as a thermal cycler, a UV
microscope and an ELISA reader; therefore, we decided to
establish the LacZ marker rescue assay and compare the
sensitivity of the assay with the PCR test.

We could detect RD114 virus produced in TE671 cells
inoculated with limiting diluted RD114 virus (i.e., less than
10 infectious units) from 12 days after inoculation (passaged
three times on day 1, 4 and 8) (Fig.4).  The LacZ marker res-
cue assay was as sensitive as the PCR test using env primers.
We have not compared the sensitivity of the marker rescue
assay with nested PCR to detect proviral DNA or RT-PCR
to detect viral transcripts in infected cells.  It is possible that
these assays are more sensitive than single-step PCR and
can determine the end-point dilution earlier than the LacZ
marker rescue assay.

Taken together, in this study, we developed a method to
detect infectious RD114 virus by the LacZ marker rescue
assay.  Based on the results, we propose a standard protocol
of the assay (Fig. 6).  Samples are inoculated into
TE671(LacZ) cells and cultured for 12 days (passaged three
times), and then the presence of the RD114 virus in the cul-
ture supernatant is detected by the LacZ marker rescue assay

Fig. 5. Receptor interference of RD114 virus on TE671 cells.
lacZ(RD114) and lacZ(FeLV-B) viruses were titrated on both
TE671 and TE671/RD114 cells. Three independent experi-
ments were performed, and averages with standard deviations
are shown.

Fig. 6. Standard protocol for detection of infectious RD114 virus. (A) Samples are inoculated into TE671(LacZ) cells, which are cultured
for 12 days. If RD114 virus is present in the sample, the virus grows efficiently in TE671(LacZ) cells. The culture supernatant of the cells
is then inoculated into both TE671 and TE671/RD114 cells. Two days later, the cells are stained with X-gal and examined for the pres-
ence of replicated RD114 virus. (B) Time schedule of the LacZ marker rescue assay.

X-gal staining

INOCULATION into 
indicator cells

LTR  ψ     LacZ          LTR  

it is important that the 
cells used to rescue the 
marker are free of 
endogenous retrovirus 

cells: free of endogeous retrovirus

samples from 
packaging cells 
supernatant

Marker rescue assay



RCR/RCL in service

Creative Biolabs: https://www.creativebiolabs.net/

BIO-RAD laboratories: https://www.bio-rad.com/



MCB, master cell bank
WCB, working cell bank

Creative 
Biolabs



Cell culture based testing



T-cell line C8166 
permissive for HIV1 
infection and growth

RCL Detection
• P24 ELISA
• Detection of the vector

Reverse Transcritase

MOLECULAR AND BIOLOGICAL TESTING - RCL



BIO-RAD Vericheck
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