
twe major classes of gene 
transfer vectors 

Viral vectors

Viral-mediated gene
transfer, use the
method of entry and
interaction (integration
or episomal replication)
with the host genome of
animal viruses.

Non viral vectors

Nucleic acids are
delivered by artificial
vectors such as
liposomes or cationic
polimers



FIGURE 1 | Retroviral life cycle and retroviral vector particle transduction. (Left) Retroviruses may enter a target cell by membrane fusion. The capsid core is
released to the cytoplasm. Reverse transcription copies the viral genomic RNA (black lines) to a linear double stranded cDNA. Integrase binds the ends of the viral cDNA
forming a pre-integration complex (PIC). Lentiviral PICs are able to cross an intact nuclear membrane while all other retroviruses require cellular division to access the host
genome. Integrase mediates the stable integration of the vDNA (black) to the host genome (blue) generating the provirus. Host transcription machinery generates
viral mRNAs and genomic RNA. Progeny viral particles assemble and are released from the plasma membrane. Following budding from the cell, viral enzyme protease
cleaves the polyproteins to generate a mature infectious virus particle. (Right) Retroviral vector particles recapitulate the early steps of the retroviral life cycle. Viral RNA
and cDNA depicted in red. However, they do not encode viral proteins. Only the protein of interest is expressed.

TABLE 1 | Developments in retroviral gene therapy vectors.

Advantages Disadvantages Advances References

Gene therapy Stable integration and
expression of transgene

Oncogenesis 1983 - Creation of retroviral vectors Perkins et al. (1983),Miller et al. (1983),
Joyner and Bernstein, (1983)

Low immunogenicity Limited ability to target
select genes

1990 - MLV vectors in patients for
X-SCID

Blaese et al. (1995),Cavazzana-Calvo et al.
(2000)

2006 - HIV-1 vectors in patients for
cancer treatment

Morgan et al. (2006),Bobisse et al.
(2009),Johnson et al. (2009)

2009 - HIV-1 vectors in patients for
X-ALD and β-thalassemia

Cartier et al. (2009),Cavazzana-Calvo et al.
(2010)

2018 - CRISPR-CAS9 in patients Romero et al. (2018)
Fusions of IN Transduction of primary cells Potential disruption of

intasome multimers
1994 - First chimeric HIV-1 IN
fusions

Bushman (1994),Goulaouic and Chow
(1996)

Modification of retroviral protein
only

Reduced integration
efficiency

1996 - First chimeric ASLV IN
fusions

Katz et al. (1996)

1997 - Zinc finger fusions to HIV-
1 IN

Bushman and Miller (1997),Tan et al. (2004)

Fusions of tethering
factors

Does not require modification
of retroviral proteins

Cannot be performed in
primary cells

2003 - Discovery of LEDGF/p75 as
HIV-1 IN co-factor

Cherepanov et al. (2003),Turlure et al. (2004)

Does not redirect all
integration events

2009 - First LEDGF/p75 fusions Meehan et al. (2009),Ferris et al.
(2010),Silvers et al. (2010)

Requires manipulation of
cellular factors

2013 - Discovery of BET proteins
as MLV IN co-factors

De Rijck et al. (2013),Gupta et al.
(2013),Sharma et al. (2013)

2013 - LEDGF/p75 fusion
employed in WT cells

Vets et al. (2013)

Tether independent
targeting

Transduction of primary cells Limited efficacy 2016 - Alterations to PFV GAG Hocum et al. (2016)

No cellular modifications
required

2014 - Alterations to MLV IN Aiyer et al. (2014),Larue et al. (2014),El
Ashkar et al. (2014)
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Infecting virus Viral vectors



the most frequently used vectors



Viral Vectors
Apparently they represent the ideal vectors for gene transfer 
in mammalian cells in fact they have developed very efficient
systems to infect host cells with their own genome:
•Ligand-receptor interaction with the host cell
•Internalization by receptor mediated endocytosis
•Endosome escape
•Nuclear localization and integration of the genome into the 
chromosome

Host response
Activation of an immune response to neutralize the virus



A viral vector consists of  proviral sequences that can 
accomodate the gene of interest (goi) and to allow
entry of both DNAs (the viral and goi or the goi-only) to 
target cells. 

Vector technology

Startegies to disarm animal viruses

• maintenance/substitution of the receptor mediated uptake of the virus
• insertion of the goi in the viral genome
• development of a dual system, replication proficient in packaging 

cells and replication-deficient vector in target cells



1) The viral vector is assembled by conventional recombinant DNA 
technology (step 1) and require knowledge of the viral genome and the 
proviral sequences (those inserted into the host genome, if applied); 

2) the vector is transferred (as naked DNA by gene transfer reagents) 
into packaging cells (step2);

3) finally it is collected in culture supernatants, controlled and ready to 
use in target cells (steps 3-5)

recovery
purification
titration (pfu/ml)

the general principle of viral vector assembly and production



the general principle of 
viral vector assembly and 
production



1. Identification of the elements required for the viral genome replication and incapsidation
2. Remuval of the elements that are not strictly necessary for viral production 
3. Cloning of the GOI into the “vector construct”
4. The elements required for recombinant viral vector production are assembled into one or more 

constructs, “ the packaging construct/s”
5. The transfer vector and the packaging constrcuts are introduced into the packaging cells for the 

production of the recombinant viral particles

the general principle of viral vector assembly and production

the viral genome is 
divided in two vectors: 

the packaging construct
the vector construct

transfer of the two 
in the packaging 

cells allows 
formation of the 

recombinant viral 
vector



Distinct retroviral genera (Retroviridae) have been classified 

These three vector systems show important differ-
ences in their life cycle, biological properties of their
trans-acting proteins, and the minimal cis-elements
required to generate high-titer vectors. It is of signifi-
cance that none of the current recombinant retroviral
vectors fulfills the criteria of an ideal vector system for
human gene therapy, which should combine the
following features:

! efficient, noncytopathic packaging system with low
likelihood of recombination,

! serum-resistant particles pseudotyped with cell-spe-
cific envelopes,

! reverse transcription prior to cell entry,
! unrestricted cytoplasmic transport and nuclear

import,
! insulated expression cassette and/or specific chromo-

somal targeting,
! physiologic or regulated levels of transgene expression,
! efficiency in relevant animal models, and
! avoidance of horizontal or vertical transmission (high

biosafety).

Toward the generation of such an ideal hybrid
bsuper-retrovirusQ vector, we should contemplate the

different types of vectors available to date and addi-
tionally consider other members of the Retroviridae
family as a source of potentially useful features. In
addition, many of the above characteristics cannot be
achieved without adopting nonretroviral components.

EFFICIENT, NONCYTOPATHIC PACKAGING SYSTEM

AND LOW LIKELIHOOD OF RECOMBINATION

The risk of generating replication-competent retroviral
vector particles through homologous recombination of
viral packaging genes is reduced by avoiding sequence
identity between the vectorTs cis-elements and trans-
acting components [11,12]. The trans-acting genes should
be encoded by at least two separate plasmid constructs
with minimal sequence homology. In addition, the
particles should not be composed of cytopathic elements,
to guarantee their sustained production from stable
packaging cell clones and to avoid toxicity when applied
to target cells. However, despite these safety modifica-
tions, crude vector stocks need to contain high titers of
infectious particles to facilitate transduction of primary
cells.

Distinct retroviral cis-acting sequences regulate pack-
aging of proviral RNA, reverse transcription, genomic
insertion, and transgene expression. A major advantage

TABLE 2: Taxonomy of the retroviral family (Retroviridae) and commonly used vector systems discussed in this article

Genus Species (examples)
Paradigmatic vector

system discussed here
Key properties relevant

for vector design

Alpharetrovirus Avian leukosis sarcoma virus — Relatively unbiased
integration pattern.

Betaretrovirus Mouse mammary tumor virus (MMTV),
Mason–Pfizer monkey virus (MPMV),
human endogenous retroviruses K (HERV-K)

— Tissue-specific promoter (MMTV);
presence of constitutive (MPMV)
or inducible (HERV-K) RNA
export elements.

Deltaretrovirus Human T cell leukemia virus, bovine leukemia virus — Poorly explored for vector design
(replicates primarily as a
provirus along with cellular
DNA replication).

Epsilonretrovirus Walleye dermal sarcoma virus — Poorly explored for vector
design (infects fish).

Gammaretrovirus Gibbon ape leukemia virus, feline
leukemia virus

Mouse leukemia virus Simple genome architecture,
‘‘clean’’ packaging system;
powerful constitutive promoters;
nontoxic Env proteins.

Lentivirus Equine infectious anemia virus,
feline immunodeficiency virus,
simian immunodeficiency virus,
bovine immunodeficiency virus

Human immunodeficiency
virus type 1

Stabilization of genomic vector
RNA in packaging cells;
transduction of nondividing cells.

Spumavirus Chimpanzee foamy virus ‘‘Human’’ foamy virus Completion of reverse
transcription prior to entry;
relatively low preference for
integration in active genes.

All the retroviruses shown belong to the subfamily of Orthoretrovirinae, with the exception of spumaviruses, which are separated into their own subfamily (Spumaretrovirinae) (http://

www.ncbi.nlm.nih.gov/ICTVdb/Ictv/index.htm).
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All the retroviruses shown belong to the subfamily of Orthoretrovirinae, with the exception of spumaviruses, 
which are separated into their own subfamily (Spumaretrovirinae)
(http:// www.ncbi.nlm.nih.gov/ICTVdb/Ictv/index.htm).



1.Simple gammaretroviruses with the paradigmatic vectors derived from murine 
leukemia virus (MLV). The Moloney Murine Leukemia Virus (MoMuLV or MMLV) 
was the first used as vector. These vectors possess the most advanced packaging 
system. 

1.Complex lentiviruses with the paradigmatic vectors derived from the human 
immunodeficiency virus type 1 (HIV). These vectors are able to transduce many 
types of nondividing cells. 
2.The more distantly related spumaviruses with the paradigmatic vectors derived 
from “human” foamy virus (HFV). This virus is considered to be apathogenic in 
humans and has the unique property of completing reverse transcription prior to cell 
entry. 

retroviral vectors are mainly based on



The retroviral particle: the retrovirus consists of two copies of a single stranded RNA genome with 
sequences known as gag, pol, and env, which encode viral structural and catalytic proteins. These
are surrounded by a glycoprotein envelope. 

2 copies of 
strand + RNA 

the envelope 
orginates from the 
cellular membrane



The murine leukaemia virus life cycle

Retroviral vectors

K M Kurian, C J Watson, A H Wyllie

Abstract

Traditionally, the retrovirus is regarded as

an enemy to be overcome. However, for

the past two decades retroviruses have

been harnessed as vehicles for transfer-

ring genes into eukaryotic cells, a process

known as transduction. During this time,

the technology has moved from being a

scientific laboratory tool to a potential

clinical molecular medicine to be used in

gene therapy. This review explains the

strategy for harnessing the retrovirus life

cycle, the scientific research and clinical

applications of this methodology, and its

limitations, as well as possible future

developments.

(J Clin Pathol: Mol Pathol 2000;53:173–176)

Keywords: retrovirus; provirus; reverse transcriptase;
murine leukaemia virus, ecotrophic

Viral techniques of gene transfer harness the
method of entry and integration with the host
genome used by the wild-type organism. They

provide a useful alternative to non-viral meth-
ods, which have low transfer eYciencies in cer-
tain cell types—for example, primary culture
and epithelial cells.1 The most frequently used
vectors are adenoviral or retroviral; however,
others include adeno associated virus (AAV),
herpes virus, vaccinia virus, and several RNA
viruses.2

Although adenoviral vectors are useful in
transient assays, retroviral vectors stably inte-
grate into the dividing target cell genome so
that the introduced gene is passed on and
expressed in all daughter cells.3

The retrovirus consists of two copies of a
single stranded RNA genome with sequences
known as gag, pol, and env, which encode viral
structural and catalytic proteins. These are
surrounded by a glycoprotein envelope. At the
onset of infection (fig 1), the surface glycopro-
tein envelope interacts with receptors on the
surface of the target cell to gain entry.4 When
inside the cell, the single stranded viral genome
is converted into linear double stranded DNA
by a virus encoded reverse transcriptase. As the
target cell undergoes mitosis, the viral DNA
integrates with the target cell DNA—at which
point it is known as a provirus.3 It is this provi-
ral DNA that is manipulated to form retroviral
vectors for gene transfer. The provirus then
undergoes transcription and translation with
the rest of the genome, resulting in the assem-
bly of new viral particles that bud oV the
surface of the target cell to infect others cells.5

Vector technology

A retroviral vector consists of proviral se-
quences that can accommodate the gene of
interest, to allow incorporation of both into the
target cells. The vector also contains viral and
cellular gene promoters, such as the CMV pro-
moter, to enhance expression of the gene of
interest in the target cells. The most important
advance in vector technology has been use of
the packaging cell.6

Packaging cells are typically fibroblast de-
rivatives that contain sequences of independ-
ently coding DNA sequences, known as DNA
plasmids, expressing viral gene products such
as gag and pol. When the retroviral vector with
the gene of interest is introduced into the
packaging cells by non-viral transfection tech-
niques, virions containing the vector genome
are produced, which bud oV into the culture
medium (fig 2). These are then allowed to
infect and stably integrate with the genome of
dividing target cells. The retroviral vector is not
able to replicate further because it does not
encode the viral structural proteins, which had
been provided by the packaging cell. Detailed
reviews on packaging cell and vector design are
available elsewhere.6–9

Figure 1 The murine leukaemia retrovirus life cycle.
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Infection and entry - At the onset of 
infection, the surface glycoprotein 
envelope interacts with receptors on the 
surface of the target cell to gain entry. 

Integration into the host genome - When 
inside the cell, the single stranded viral 
genome is converted into linear double 
stranded DNA by a virus encoded reverse 
transcriptase. As the target cell undergoes 
mitosis, the viral DNA integrates with the 
target cell DNA—at which point it is known 
as a provirus.
It is this proviral DNA that is manipulated to 
produce retroviral vectors for gene transfer. 

virus production - The provirus then 
undergoes transcription and translation 
with the rest of the genome, resulting in the 
assembly of new viral particles that bud of 
the surface of the target cell to infect 
others cells. 



retrovirus life cycle

Inside the viral particle there are 
strand + viral RNAs and the reverse 
transcriptase



viral and host-dependent steps 
leading to virion production

The host cell is not lysed by the 
virus and progeny viruses are 
released by budding.
However host cells infection 
gives rise to plaque formation 
which result from cell growth 
arrest of infected cells

It is this proviral DNA that is
manipulated to form retroviral
vectors for gene transfer



Schematic representation of a gammaretrovirus with its simple 
genomic architecture 

Three essential genes
gag, viral matrix, capsid, and nucleocapsid proteins
pol, protease, reverse transcriptase, and integrase
env, membrane-anchored surface protein mediating target cell recognition
and particle uptake

Cis-regulatory sequences
LTR, long terminal repeat 
Ψ, incapsidation signal



EP, enhancer promoter
att, attachment site (integration)
pA polyadenylation site
PBS, primer binding site, 18 nt complementary to a tRNA used as a primer to begin 

reverse transcription
SD, splicing donor
SA, splicing acceptor
PPT, polypurine tract
Ψ, incapsidation site

gag, capside (CA), nucleocapside (NC) e matrix (MA)
pol, reverse transcriptase (RT), protease (PR), integrase (IN)
env, envelope protein consisting of the following domains: surface domain, SU and 

transmembrane domain, TM). It mediates interaction with cell receptors thus 
directing virus internalization

cis-acting regulatory sequences



the genomic viral RNA 
and

the proviral DNA genome

From Buchschacher 2001



Transcription from the viral long terminal repeat (LTR) promoter (located in the U3 region of the LTR) 
generates viral RNA which is polyadenylated like cellular mRNAs. Polyadenylation signal in the 
downstream (3') LTR (U5 located) mediates poly(A) tail downstream of R. 

The RNA genome is reverse transcribed by the retroviral reverse transcriptase

Replication of the retrovirus genome.
P

polyA signal in U5 Promoter in U3

The RNA genome is reverse transcribed



PBS, primer binding site Reverse transcriptase has two activities: 
DNA polymerase and RNaseH

1- A retrovirus-specific cellular tRNA hybridizes with a 
complementary region called the primer-binding 
site (PBS). 

2- A DNA segment is extended from tRNA based on 
the sequence of the retroviral genomic RNA. 

3- The viral R and U5 sequences are removed by 
RNase H. 

4-First jump: DNA hybridizes with the remaining R 
sequence at the 3' end. 

5-A DNA strand is extended from the 3' end. 

6- Most viral RNA is removed by RNase H. 

RNA



7- A second DNA strand is extended from 
the viral RNA. 

8- Both tRNA and the remaining viral RNA 
are removed by RNase H.

9- Second jump: The PBS region of the 
second strand hybridizes with the PBS 
region of the first strand. 

10- Extension on both DNA strands.

the provirus



retroviral vectors stably 
integrate into the dividing 
target cell genome so that 
the introduced gene is 
passed on and expressed 
in all daughter cells.

The main potential 
hazard of this technology 
is the production of 
replication competent 
virus, which can infect 
humans



•Il recettore per env di Mo-MLV è ubiquitario in cellule di 
mammiferi
•L’infezione non è patogena per l’uomo
•L’integrazione è altamente efficiente e non determina     

riarrangiamenti a carico del genoma virale
•Possono essere inseriti fino ad 8 kb di DNA
•LTR contengono un promotore ed un enhancer attivi in molti tipi 
cellula

Moloney Murine Leukimia Virus
Mo-MLV

which retrovirus?



general concepts
• the vectors are engineered to be replication defective, being able to 

complete only one round of replication (the transfer vector, infect the 
cells, enter the cytoplasm, as the cells divide, enter the nucleus and 
integrate).

• the integrated vector genome, can express the foreign gene/s but is 
unable to replicate and spread to other cells

• building a replication defective vector from the parental retrovirus 
necessitates separating cis- and trans-acting sequences. In a practical 
sense, this entails removal of the trans-acting genes and substituting 
with the gene of interest.

• The trans-acting factors need the be provided for the production 
of the recombinant virions, this can be done by transcomplementing 
vectors or using cells stably expressing the trans factors (packaging 
cells)



From Buchschacher 2001

archetypal retrovirus vectors



Retroviral production and infection

Kurian et al 2000



Possible LTR-based Vectors

one vector – one gene

a second gene can be expressed: 

from a spliced RNA (C),

an internal promoter (D), 

an internal ribosomal entry site (E)



improving transfer vector design
“promoter interference” although the phenomenon is not completely 
understood  it has been observed that gene expression from a gene cloned 
under an heterologous promoter decreases

promoter interference can be reduced

to achieve sustained expression of the transgene the gene cassette (with 
heterologous promoter) was cloned antisense to LTR.

i, intron; the presence of introns increase gene expression in mammalian cells



safety concerns 
and 

genotoxicity

Promoter insertion, promoter activation and gene transcript truncation 



The integrated provirus disrupts a proto-oncogene resulting in the transcription of an aberrant (truncated) proto-oncogene 
protein. This abnormal proto-oncogene may also lead to the disruption of a controlled cell-cycle mechanism of the host 
cell and, consequently, to continuous cell divisions.

-increased transcription of the gene 
by the LTR induced promoter 

- RNA read-through transcription and 
RNA splicing can generate abnormal 
products of the downstream gene

Proto-oncogene 
induction

Tumor-suppressor 
gene disruption

Possible causes of viral genome integration

Genotoxicity Mechanisms 

The insertion of a retroviral DNA upstream of a proto-oncogene 

Abnormal transcripts



Genotoxicity Mechanisms 
Viruses 2014, 6 4815 
 

 

unit, enhancer-mediated promoter activation can occur at different orientations and loci up to several 

hundred kilobases from the insertion site [25,26]. 

 

Figure 2. Genotoxicity mechanisms. (i) Promoter insertion upstream and in sense to cellular 

transcription units can lead to read-through transcription into adjacent cellular genes, either 

from the internal promoter or from the long terminal repeat (LTR) as indicated by the arrows. 

If splice acceptor (SA) and donor (SD) sites are present, promoter insertion can be 

accompanied by splice events; (ii) promoter activation is mediated by enhancer-interactions 

by respective elements in the internal promoter or in the LTR with cellular promoters;  

(iii) gene transcript truncation can lead to shortened cellular transcripts, either lacking 3' (left 

example) or 5' sequences (right example). 

(iii) There is increasing evidence that gene transcript truncation is also a safety concern (Figure 2iii). 

In contrast to promoter insertion, gene transcript truncation is caused by intragenic retroviral vector 

integrations. These intragenic integrations frequently occur in intronic regions, involve aberrant splicing 

events and result in a loss of either 5' or 3' sequences of cellular genes. When transcription initiates from 

an inserted promoter, 5' sequences of the affected cellular gene are lost (Figure 2iii; right example). In 

contrast, when transcription is initiated from a cellular promoter followed by read-through into the 

retroviral vector, loss of 3' sequences can be caused by premature polyadenylation at polyadenylation 

sites introduced within the vector (Figure 2iii; left example). In several murine studies using lentiviral 

vectors, gene transcript truncations of 5' or 3' sequences led to leukemia development by either removal 

of regulatory regions of proto-oncogenes [27] or by downregulation of full-length transcripts of 

supposedly haploinsufficient tumor suppressor genes [28]. Functional consequences of gene transcript 

truncation were also demonstrated in a clinical trial involving one patient suffering from  

β-thalassemia [29]. After lentiviral β-globin gene transfer, this patient showed therapeutic benefit largely 

gene transcript truncation can lead to shortened 
cellular transcripts, either lacking 3' (left example) 
or 5' sequences (right example).

Promoter insertion upstream and in sense to cellular 
transcription units can lead to read-through transcription 
into adjacent cellular genes, either from the internal 
promoter or from the long terminal repeat (LTR) as 
indicated by the arrows

promoter activation is mediated by 
enhancer-interactions by respective 
elements in the internal promoter or in the 
LTR with cellular promoters



Promoter insertion, promoter activation and gene transcript truncation are 
the three most prevalent mechanisms of retroviral vector genotoxicity 

described to date.

Prevention strategies

Since insertional deregulation of cellular transcription is dependent on 
the presence of strong promoter/enhancer sequences and splice 
sites, optimized vector design should omit these elements.
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ABSTRACT A retrovirus-derived vector called self-inac-
tivating (SIN) vector was designed for the transduction of whole
genes into mammalian cells. SIN vectors contain a deletion of
299 base pairs in the 3' long terminal repeat (LTR), which
includes sequences encoding the enhancer and promoter func-
tions. When viruses clprived from such vectors were used to
infect NIH 3T3 cells, the deletion was transferred to the 5'
LTR, resulting in the transcriptional inactivation of the
provirus in the infected cell. Introduction of a hybrid gene
(human metallothionein-promoted c-fos) into cells via a SIN
vector was not associated with rearrangements and led to the
formation of an authentic mRNA transcript, which in some
cases was induced by cadmium. SIN vectors should be partic-
ularly useful in gene transfer experiments designed to study the
regulated expression of genes in mammalian cells. Absence of
enhancer and promoter sequences in both LTRs of the inte-
grated provirus should also minimize the possibility of activat-
ing cellular oncogenes and may provide a safer alternative to be
used in human gene therapy.

Retroviruses are now being used as an efficient delivery
system for transferring genes into tissue culture cells (1-6)
and into intact animals (7-11). Replication of retroviruses is
dependent on an efficient process unique to this group of
viruses. This process involves the insertion of the viral
genome into the chromosome of the infected cell, from which
the viral genes are constitutively expressed, in most cases
without measurable effect on the viability of the infected cells
(for a review, see ref. 12). This efficient process is the basis
for using retroviruses as vectors for gene transfer. An
expendable portion of the viral genome (containing functions
that can be complemented in trans) is replaced with a foreign
gene. The result is an efficient gene-transfer system in which
a large fraction of recipient cells will have incorporated and
will express the transduced gene.

In this report, we describe the construction of a retroviral
vector that transmits a nonselected transduced gene in a
stable manner. With this type of vector, the viral enhancer
and promoter sequences are lost upon integration into the
chromosome of the target cell, allowing nonviral regulation of
the expression of the transduced gene. The elimination ofthe
enhancer and promoter sequences from both long terminal
repeats (LTRs) in the target cell is also useful in the design of
safe vectors for potential use in human gene therapy (13),
because they may reduce substantially the possible activation
of cellular oncogenes. Since the loss of enhancer and pro-
moter sequences is a consequence of the mechanism of
replication of retroviruses, resulting in the transcriptional

inactivation of the provirus in the target cell, this type of
vector is called a SIN (self-inactivating) vector.

MATERIALS AND METHODS
Derivation of Recombinant Virus. Vector DNA was intro-

duced into 4'2 cells (14) by calcium phosphate-mediated DNA
transfection (15), and single colonies were isolated by selec-
tion with G418 (1 mg/ml) (16, 17), and expanded to cell lines,
and 1.0 ml ofthe supernatant containing i04 colony-forming
units of neor-expressing viruses per ml was used to infect
1.0-2.0 x 105 NIH 3T3 cells. Productively infected cells were
isolated in selective medium.

Southern Blotting. Genomic DNA was isolated, digested
with Nhe I, subjected to electrophoresis in 1% agarose gels
(18), blotted to Biodyne A paper, and hybridized with a
32P-labeled probe. Each DNA preparation was derived from
NIH 3T3 cells infected with a virus preparation originated
from an independently transfected 42 cell.
RNA Blotting. RNA was isolated from NIH 3T3-infected

cells using 0.1% Nonidet P-40 in 10 mM TrinsHCl, pH 7.5/0.2
M NaCl/5 mM MgCl2, and nuclei were removed by centrif-
ugation at' 1000 X g for 5 min. NaDodSO4 was added to the
supernatant, extracted four times with phenol/chloroform
(1:1) and twice with chloroform, and precipitated with
ethanol. Poly(A)-containing cytoplasmic RNA was isolated
by oligo(dT) cellulose chromatography and electrophoresed
in 1% formaldehyde/agarose' gels (19), transferred to
Biodyne A paper, and hybridized with a 32P-labeled probe.

RESULTS
Structure of the SIN Vectors. The principle underlying the

structure and function of the SIN vectors is illustrated in Fig.
1. The integrated retroviral genome, called a provirus, is
bound by two LTRs, which are composed of three regions:
U3, R, and U5. The U3 sequence is present in the 3' end, R
is on both ends, and U5 is at the 5' end of the viral RNA (Fig.
LA). The integrated proviral genome is transcribed from LTR
to LTR: the 5' end of the viral RNA corresponds to the 5' end
of the R region and the 3' end of the viral RNA, which is
polyadenylylated, corresponds to the 3' end of the R region
at the other end of the genome (Fig. lA). The enhancer and
promoter sequences are encoded within the U3 region of the
two viral LTRs. However, they function only when present
in the 5' LTR. It is pot clear why the same sequences are
inactive in the 3' LTR. It is a consequence of the mechanism
of replication of retroviruses that the U3 region in the 3' LTR

Abbreviations: LTR, long terminal repeat; Mo-MuLV, Moloney
murine leukemia virus; SV40, simian virus 40; MT, metallothionein;
TK, thymidine kinase; bp, base pair(s); kb, kilobase(s).
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ABSTRACT A retrovirus-derived vector called self-inac-
tivating (SIN) vector was designed for the transduction of whole
genes into mammalian cells. SIN vectors contain a deletion of
299 base pairs in the 3' long terminal repeat (LTR), which
includes sequences encoding the enhancer and promoter func-
tions. When viruses clprived from such vectors were used to
infect NIH 3T3 cells, the deletion was transferred to the 5'
LTR, resulting in the transcriptional inactivation of the
provirus in the infected cell. Introduction of a hybrid gene
(human metallothionein-promoted c-fos) into cells via a SIN
vector was not associated with rearrangements and led to the
formation of an authentic mRNA transcript, which in some
cases was induced by cadmium. SIN vectors should be partic-
ularly useful in gene transfer experiments designed to study the
regulated expression of genes in mammalian cells. Absence of
enhancer and promoter sequences in both LTRs of the inte-
grated provirus should also minimize the possibility of activat-
ing cellular oncogenes and may provide a safer alternative to be
used in human gene therapy.

Retroviruses are now being used as an efficient delivery
system for transferring genes into tissue culture cells (1-6)
and into intact animals (7-11). Replication of retroviruses is
dependent on an efficient process unique to this group of
viruses. This process involves the insertion of the viral
genome into the chromosome of the infected cell, from which
the viral genes are constitutively expressed, in most cases
without measurable effect on the viability of the infected cells
(for a review, see ref. 12). This efficient process is the basis
for using retroviruses as vectors for gene transfer. An
expendable portion of the viral genome (containing functions
that can be complemented in trans) is replaced with a foreign
gene. The result is an efficient gene-transfer system in which
a large fraction of recipient cells will have incorporated and
will express the transduced gene.

In this report, we describe the construction of a retroviral
vector that transmits a nonselected transduced gene in a
stable manner. With this type of vector, the viral enhancer
and promoter sequences are lost upon integration into the
chromosome of the target cell, allowing nonviral regulation of
the expression of the transduced gene. The elimination ofthe
enhancer and promoter sequences from both long terminal
repeats (LTRs) in the target cell is also useful in the design of
safe vectors for potential use in human gene therapy (13),
because they may reduce substantially the possible activation
of cellular oncogenes. Since the loss of enhancer and pro-
moter sequences is a consequence of the mechanism of
replication of retroviruses, resulting in the transcriptional

inactivation of the provirus in the target cell, this type of
vector is called a SIN (self-inactivating) vector.

MATERIALS AND METHODS
Derivation of Recombinant Virus. Vector DNA was intro-

duced into 4'2 cells (14) by calcium phosphate-mediated DNA
transfection (15), and single colonies were isolated by selec-
tion with G418 (1 mg/ml) (16, 17), and expanded to cell lines,
and 1.0 ml ofthe supernatant containing i04 colony-forming
units of neor-expressing viruses per ml was used to infect
1.0-2.0 x 105 NIH 3T3 cells. Productively infected cells were
isolated in selective medium.

Southern Blotting. Genomic DNA was isolated, digested
with Nhe I, subjected to electrophoresis in 1% agarose gels
(18), blotted to Biodyne A paper, and hybridized with a
32P-labeled probe. Each DNA preparation was derived from
NIH 3T3 cells infected with a virus preparation originated
from an independently transfected 42 cell.
RNA Blotting. RNA was isolated from NIH 3T3-infected

cells using 0.1% Nonidet P-40 in 10 mM TrinsHCl, pH 7.5/0.2
M NaCl/5 mM MgCl2, and nuclei were removed by centrif-
ugation at' 1000 X g for 5 min. NaDodSO4 was added to the
supernatant, extracted four times with phenol/chloroform
(1:1) and twice with chloroform, and precipitated with
ethanol. Poly(A)-containing cytoplasmic RNA was isolated
by oligo(dT) cellulose chromatography and electrophoresed
in 1% formaldehyde/agarose' gels (19), transferred to
Biodyne A paper, and hybridized with a 32P-labeled probe.

RESULTS
Structure of the SIN Vectors. The principle underlying the

structure and function of the SIN vectors is illustrated in Fig.
1. The integrated retroviral genome, called a provirus, is
bound by two LTRs, which are composed of three regions:
U3, R, and U5. The U3 sequence is present in the 3' end, R
is on both ends, and U5 is at the 5' end of the viral RNA (Fig.
LA). The integrated proviral genome is transcribed from LTR
to LTR: the 5' end of the viral RNA corresponds to the 5' end
of the R region and the 3' end of the viral RNA, which is
polyadenylylated, corresponds to the 3' end of the R region
at the other end of the genome (Fig. lA). The enhancer and
promoter sequences are encoded within the U3 region of the
two viral LTRs. However, they function only when present
in the 5' LTR. It is pot clear why the same sequences are
inactive in the 3' LTR. It is a consequence of the mechanism
of replication of retroviruses that the U3 region in the 3' LTR

Abbreviations: LTR, long terminal repeat; Mo-MuLV, Moloney
murine leukemia virus; SV40, simian virus 40; MT, metallothionein;
TK, thymidine kinase; bp, base pair(s); kb, kilobase(s).
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genome into the chromosome of the infected cell, from which
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without measurable effect on the viability of the infected cells
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ethanol. Poly(A)-containing cytoplasmic RNA was isolated
by oligo(dT) cellulose chromatography and electrophoresed
in 1% formaldehyde/agarose' gels (19), transferred to
Biodyne A paper, and hybridized with a 32P-labeled probe.
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structure and function of the SIN vectors is illustrated in Fig.
1. The integrated retroviral genome, called a provirus, is
bound by two LTRs, which are composed of three regions:
U3, R, and U5. The U3 sequence is present in the 3' end, R
is on both ends, and U5 is at the 5' end of the viral RNA (Fig.
LA). The integrated proviral genome is transcribed from LTR
to LTR: the 5' end of the viral RNA corresponds to the 5' end
of the R region and the 3' end of the viral RNA, which is
polyadenylylated, corresponds to the 3' end of the R region
at the other end of the genome (Fig. lA). The enhancer and
promoter sequences are encoded within the U3 region of the
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PBS, primer binding site Reverse transcriptase has two activities: 
DNA polymerase and RNaseH

1- A retrovirus-specific cellular tRNA hybridizes with a 
complementary region called the primer-binding 
site (PBS). 

2- A DNA segment is extended from tRNA based on 
the sequence of the retroviral genomic RNA. 

3- The viral R and U5 sequences are removed by 
RNase H. 

4-First jump: DNA hybridizes with the remaining R 
sequence at the 3' end. 

5-A DNA strand is extended from the 3' end. 

6- Most viral RNA is removed by RNase H. 

RNA
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FIG. 1. Structure of the Mo-MuLV genome and the principle of
SIN vectors. (A) Structure of the viral DNA, which is present in an
integrated form in the chromosome of the infected cell (proviral
DNA), and the structure of the viral RNA, which is incorporated into
virions. (B) A deletion in the U3 region of the 3' LTR of the proviral
DNA is transferred to the 5' LTR of the progeny proviral DNA (see
text). (C) The deletion introduced into the 3' LTR of SIN vectors.
The 299-bp deleted segment includes most of the two 72-bp repeats
associated with the viral enhancer and the presumptive promoter
region, which contains the canonical "CAAT" box (20, 21). E,
enhancer; P, promoter; dLTR, LTR containing the deletion shown in
C.

of a provirus serves as a template for the formation of both
U3 regions in the progeny proyirus (12). Therefore, as shown
in Fig. 1B, a deletion in the U3 region of the 3' LTR
(encompassing the enhancer and promoter sequences) will be
transferred to both LTRs in the progeny provirus, provided
that the deleted sequences do not encode other essential
functions-i.e., functions involved in replication or
polyadenylylation. As a consequence of the removal of the
enhancer and promoter sequences from both the 5' and 3'
LTR in the progeny provirus, the viral transcriptional unit is
eliminated. The deletion that we have introduced in the U3
region of the Moloney murine leukemia virus (Mo-MuLV) 3'
LTR, which extends from a Pvu II site to a Sac I site, is
shown in Fig. 1C. This deletion of299 base pairs (bp) removes
most of the two 72-bp repeats, which contain enhancer
activity as well as the promoter region (20, 21), but leaves
behind the TATA box.
The structure of a prototype SIN vector derived from

Mo-MuLV carrying the deletion in the 3' LTR is shown in
Fig. 2. This vector contains a selectable marker gene ex-
pressed from an internal promoter as well as two cloning sites
for insertion ofgenes, either 5' to (BamHI) or 3' to (Xho I) the
selectable marker. The presence of a selectable gene within
the vector facilitates the isolation and characterization of the
transfected cells (when the recombinant DNA constructed in
Escherichia coli is introduced into tissue-culture cells) as well
as the infected cells (when the corresponding virus is used to
infect the target cell). An internal promoter is essential for the
continued expression of the selectable gene in the infected
cells. If the selectable gene is expressed from the viral 5'
LTR, it will not function in the infected cells because the

FIG. 2. Structure of SIN vectors derived from Mo-MuLV and
the structure of the corresponding proviruses in the infected cells.
(Upper) A Mo-MuLV-derived prototype SIN vector consists of four
parts: (i) An intact LTR (black box) followed by "300 bp (thin line),
which contains the viral packaging signal (14). The 3' end ofthis DNA
fragment was generated by BAL-31 digestion and maps "60 bp
upstream from a Pvu I site present in this region of the Mo-MuLV
genome; (ii) a DNA fragment containing a promoter driving the
expression of (iii) a selectable gene; and (iv) a second LTR containing
a DNA fragment containing the deletion shown in Fig. 1C. The 5' end
of this DNA fragment corresponds to the Mo-MuLV Cla I site
present 140 nucleotides upstream from the LTR. MT-N and SV-N
are two SIN vectors carrying the neor gene as a selectable marker,
which is expressed from the mouse MT or early SV40 promoter.
Digestion of MT-N and SV-N with Nhe I generates a characteristic
3400- and 3200-bp DNA fragment, respectively (reflecting the dif-
ference in size of the MT and SV40 DNA fragments). MT-N
generates a 3200-nucleotide RNA transcript initiated in the 5' LTR
and a 2200-nucleotide RNA transcript initiated in the MT-derived
DNA fragment. Similarly, SV-N generates a 3000- and a 2200-
nucleotide RNA transcript. (Lower) Genomic DNA was digested
with Nhe I and analyzed by Southern blotting. Vector-specific DNA
was detected by hybridization with a 32P-labeled neor probe. SV-N
and MT-N contain 2-5 pmol of vector DNA and 10 Ag of NIH 3T3
cell DNA. Lanes S-1 to S-3 and M-1 to M-3, cell lines infected with
virus corresponding to SV-N and MT-N, respectively. Each cell line
was derived by infection with virus that originated from an indepen-
dently transfected i2 cell. Each lane contains 10 Ag of DNA.

enhancer and promoter sequences have been removed (Fig.
1). Indeed, when virus derived from a SIN vector in which the
neor-gene expressed from the viral LTR was used to infect
NIH 3T3 cells, the neor-gene was not expressed and no
G418-resistant cells could be isolated (data not shown).
A number of different SIN vectors with internally promot-

ed selectable genes were constructed. Two such vectors
shown in Fig. 2 contain the bacterial neor-gene as a selectable
marker (22), driven by the mouse metallothionein I (MT), or
by the early simian virus 40 (SV40) promoter. Similar vectors
have been constructed that contain the hamster methotrex-
ate-resistant dihydrofolate reductase cDNA as a selectable
marker (23). The DNA constructs shown in Fig. 2 were
introduced into 4i2 cells by the calcium phosphate-mediated

Biochemistry: Yu et al.
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The deletion introduced into the 3'LTR of SIN vectors. The 299-bp 
deleted segment includes most of the two72-bp repeats associated 
with the viral enhancer and the presumptive promoter region, which 
contains the canonical "CAAT" box.

5’ 3’ 

SIN (self inactivating) vector development



SIN (self inactivating) vector development

A

B - retrotranscription of a 3’ DU3 LTR viral RNA, produce a DLTR provirus

A deletion in the U3 region of the 3'LTR of the proviral DNA is transferred to the 5’ LTR of the 
progeny proviral DNA. As a consequence of the removal of the enhancer and promoter 
sequences from both the 5' and 3' LTR in the progeny provirus, the viral transcriptional unit is 
eliminated).

E, enhancer; P,promoter; dLTR, LTR containing the deletion shown in C.
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U3 regions in the progeny proyirus (12). Therefore, as shown
in Fig. 1B, a deletion in the U3 region of the 3' LTR
(encompassing the enhancer and promoter sequences) will be
transferred to both LTRs in the progeny provirus, provided
that the deleted sequences do not encode other essential
functions-i.e., functions involved in replication or
polyadenylylation. As a consequence of the removal of the
enhancer and promoter sequences from both the 5' and 3'
LTR in the progeny provirus, the viral transcriptional unit is
eliminated. The deletion that we have introduced in the U3
region of the Moloney murine leukemia virus (Mo-MuLV) 3'
LTR, which extends from a Pvu II site to a Sac I site, is
shown in Fig. 1C. This deletion of299 base pairs (bp) removes
most of the two 72-bp repeats, which contain enhancer
activity as well as the promoter region (20, 21), but leaves
behind the TATA box.
The structure of a prototype SIN vector derived from

Mo-MuLV carrying the deletion in the 3' LTR is shown in
Fig. 2. This vector contains a selectable marker gene ex-
pressed from an internal promoter as well as two cloning sites
for insertion ofgenes, either 5' to (BamHI) or 3' to (Xho I) the
selectable marker. The presence of a selectable gene within
the vector facilitates the isolation and characterization of the
transfected cells (when the recombinant DNA constructed in
Escherichia coli is introduced into tissue-culture cells) as well
as the infected cells (when the corresponding virus is used to
infect the target cell). An internal promoter is essential for the
continued expression of the selectable gene in the infected
cells. If the selectable gene is expressed from the viral 5'
LTR, it will not function in the infected cells because the

FIG. 2. Structure of SIN vectors derived from Mo-MuLV and
the structure of the corresponding proviruses in the infected cells.
(Upper) A Mo-MuLV-derived prototype SIN vector consists of four
parts: (i) An intact LTR (black box) followed by "300 bp (thin line),
which contains the viral packaging signal (14). The 3' end ofthis DNA
fragment was generated by BAL-31 digestion and maps "60 bp
upstream from a Pvu I site present in this region of the Mo-MuLV
genome; (ii) a DNA fragment containing a promoter driving the
expression of (iii) a selectable gene; and (iv) a second LTR containing
a DNA fragment containing the deletion shown in Fig. 1C. The 5' end
of this DNA fragment corresponds to the Mo-MuLV Cla I site
present 140 nucleotides upstream from the LTR. MT-N and SV-N
are two SIN vectors carrying the neor gene as a selectable marker,
which is expressed from the mouse MT or early SV40 promoter.
Digestion of MT-N and SV-N with Nhe I generates a characteristic
3400- and 3200-bp DNA fragment, respectively (reflecting the dif-
ference in size of the MT and SV40 DNA fragments). MT-N
generates a 3200-nucleotide RNA transcript initiated in the 5' LTR
and a 2200-nucleotide RNA transcript initiated in the MT-derived
DNA fragment. Similarly, SV-N generates a 3000- and a 2200-
nucleotide RNA transcript. (Lower) Genomic DNA was digested
with Nhe I and analyzed by Southern blotting. Vector-specific DNA
was detected by hybridization with a 32P-labeled neor probe. SV-N
and MT-N contain 2-5 pmol of vector DNA and 10 Ag of NIH 3T3
cell DNA. Lanes S-1 to S-3 and M-1 to M-3, cell lines infected with
virus corresponding to SV-N and MT-N, respectively. Each cell line
was derived by infection with virus that originated from an indepen-
dently transfected i2 cell. Each lane contains 10 Ag of DNA.

enhancer and promoter sequences have been removed (Fig.
1). Indeed, when virus derived from a SIN vector in which the
neor-gene expressed from the viral LTR was used to infect
NIH 3T3 cells, the neor-gene was not expressed and no
G418-resistant cells could be isolated (data not shown).
A number of different SIN vectors with internally promot-

ed selectable genes were constructed. Two such vectors
shown in Fig. 2 contain the bacterial neor-gene as a selectable
marker (22), driven by the mouse metallothionein I (MT), or
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from the archetypal vector to the SIN vector

(LTR can induce expression of flanked genes)

the gene cloned in the SIN vector must be equipped with a promoter, since the 
LTRDU3 is without the promoter.

SIN vectors are expected to: 
• reduce host gene-activation following insertion into the host genome
• to reduce promoter interference 

U3-deleted 
SIN, self inactivating 



Some Self-Inactivating (SIN) vectors

In target cells, when the proviral 
recombinant DNA is inserted into 
the host genome, only one 
transcript is expected: the 
transgene transcript.

In packaging cells two 
transcripts are expected :
1-transgene mRNA (not 
required in packaging cells)
2- the viral genome RNA, 
which is the only one that 
can be inserted into the 
viral particle

from this recombinant SIN provirus only one transcript, 
the transgene transcript, is expected

𝛙



So-called self-inactivating (SIN) vectors are obtained by deleting 
enhancer–promoter sequences from the U3 region of the 3’ long terminal 
repeats (LTRs).

Initial MLV- based SIN vectors had poor titers, but recent data suggest that 
modifications of the 5’ promoter and the 3’ untranslated region allow the 
production of MLV SIN vectors with titers that are equivalent to those of 
their LTR-driven counterparts. 



SIN vectors
SIN vector with an expression cassette containing introns (i)

transgene expression is improved by the presence of introns
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enhance their polyadenylation efficiency [129], possibly by recruiting more polyadenylation factors to 
the correct polyA site. 

Figure 4. Schema of a gammaretroviral LTR-driven vector (a) and a SIN (self-inactivating) 
vector (b). The upper part shows the plasmid configurations along with the corresponding 
transcripts originating from either the internal promoter (Prom; b) and/or the LTR (a and 
b). The lower part depicts the vector architecture after reverse transcription (RT; i.e., in the 
integrated form). Note that the promoter from the 3’LTR in the plasmid configuration is 
copied into the 5’LTR during reverse transcription facilitating the duplication of either SIN 
deleted U3 ('U3) or regular U3 promoter sequences. The corresponding RNAs (with Cap 
and polyA) are depicted under the vector diagrams (color codings indicating the 
appropriate promoter). 

 
 
Taken together, the generation of SIN vectors and improvement of their post-transcriptional gene 

expression allow usage of weaker internal promoters. Thereby, this vector family creates a more 
efficient and possibly also safer tool for gene therapy (see also Section 6 and outlook). However, all 
integrating vectors harbor a residual risk for insertional upregulation of neighboring alleles or 
disruption of cellular genes. Consequently, non-integrating vectors (which are reviewed in Section 7) 
represent interesting tools for transient retroviral gene transfer avoiding the integration step and thus 
the major risk of insertional transformation. 

6. Towards Clinical Production of Retroviral SIN Vectors 

In general, retroviral vectors can be produced in two ways: transient or stable. In the former the 
vector and helper constructs are delivered transiently as plasmids, while in the latter all components 
are stably integrated into the host cell genome of the packaging cell line. The biggest advantage of 
transient production is that it is more flexible and that it avoids the time consuming process to generate 
stable vector producing packaging cells. Special consideration of the design of vectors and 
corresponding packaging allowed clinical grade vector production with titers of ~106–107 infectious 
particles/mL [130]. Of note, transient production in 293T cells is also available for other retroviral 
vectors, such as lentiviral SIN vectors. 

Maetzig T, Galla M, Baum C, Schambach A. Gammaretroviral vectors: biology, 
technology and application. Viruses. 2011 Jun;3(6):677-713. doi: 
10.3390/v3060677. Epub 2011 Jun 3. PMID: 21994751; PMCID: PMC3185771.

LTR-driven versus SIN 
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Commercial retrovirus vectors (Clontech)

pLNHX contains elements derived from Moloney murine leukemia virus (MoMuLV) and Moloney murine 
sarcoma virus (MoMuSV), and is designed for retroviral gene delivery and expression. Upon transfection into a 
packaging cell line, pLNHX can transiently express, or integrate and stably express, a transcript containing the 
viral packaging signal Ψ+, the neomycin selection marker (Neor), and a target gene.
The 5' viral LTR in this vector contains promoter/enhancer sequences that control expression of the Neor 
gene, which allows antibiotic selection in eukaryotic cells. A target gene can be cloned into the multiple cloning 
site downstream of the Drosophila heat shock protein 70 (hsp70) promoter (Phsp70). 
pLNHX also includes the Col E1 origin of replication and E. coli Ampr gene for propagation and antibiotic 
selection in bacteria.



changing the MCS position 
respect to viral LTR



Commercial retrovirus vectors
Control vector with Alkaline Posphatase gene

pLAPSN contains elements derived from Moloney murine leukemia virus (MoMuLV) and Moloney murine sarcoma virus 
(MoMuSV), and is a control vector for establishing a retroviral gene delivery and expression system (1–3).This vector was 
created by cloning the gene for human placenta alkaline phosphatase (AP) into the Xho I site in the multiple cloning site of 
the pLXSN Retroviral Vector (Cat. No. 631509). Upon transfection into a packaging cell line, pLAPSN can transiently 
express, or integrate and stably express, a transcript containing Ψ+ (the extended viral packaging signal) the human 
placenta alkaline phosphatase gene, and a selectable marker.The 5’ viral LTR in this vector contains promoter/enhancer 
sequences that control expression of the alkaline phosphatase gene. The SV40 early promoter (PSV40e) con- trols 
expression of the neomycin resistance gene (Neor), which allows antibiotic selection in eukaryotic cells. pLAPSN also 
includes the Col E1 origin of replication and E. coli Ampr gene for propagation and antibiotic selection in bacteria.

pLAPSN can be used in control experiments to establish retroviral gene transduction proce- dures. After being transfected into a packaging cell line (such as 
the RetroPack PT67 Cell Line, Cat. No. 631510), RNA from the vector is packaged into infectious, replication-incompetent retroviral particles. pLAPSN does 
not contain the structural genes (gag, pol, and env) necessary for particle formation and replication; however, these genes are stably integrated into PT67 
(4–7). Subsequent introduction of pLAPSN, containing Ψ+ (psi), transcription and processing elements, and the alkaline phosphatase gene, produces high-
titer, replication-incompetent infectious virus. That is, these retroviral particles can infect target cells and transmit the al- kaline phosphatase gene, but 
cannot replicate within these cells since the cells lack the viral structural genes. The separate introduction and integration of the structural genes into the 
packaging cell line minimizes the chances of producing replication-competent virus due to recombination events during cell proliferation. The expression of 
alkaline phosphatase can be confirmed using a standard assay.

Alkaline Phosphatase assay: p-nitrophenyl phosphate (pNPP) turns yellow 
when dephosphorylated by AP.



packaging

As part of the Pantropic Retroviral Expression System, pLNHX can be co-
transfected with pVSV-G into the GP-293 Packaging Cell Line to produce infectious, 
replication-incompetent retrovirus 

pLNHX does not contain the structural genes necessary for viral particle formation 
and replication.The genes encoding the viral gag and pol proteins are stably 
integrated into GP-293. Because the VSV-G envelope protein is toxic, this protein is 
expressed transiently from pVSV-G.
Although the virus can infect target cell lines and transmit a target gene, it cannot 
replicate because the target cell lines lack the viral structural genes. By using the 
minimal viral sequences and separately introducing the structural genes into the 
packaging cell line, the chance of producing replication-competent virus due to 
recombination events is minimized.
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GP2-293 Packaging Cell Line 

Catalog No. Lot Number 
631458 Specified on product label. 

Description 
GP2-293 is a HEK 293-based retroviral packaging cell line. The essential viral packaging genes gag and pol are stably 
integrated, the viral envelope must be supplied in trans. High titer retrovirus is produced by transient co-transfection of an 
MMLV- or MSCV-based retroviral expression vector and a plasmid that expresses a viral envelope, such as pVSV-G.. 

Package Contents 
x 1 ml GP2-293 Packaging Cell Line (2 x 106 cells) 

Storage Conditions 
x Store cells in liquid nitrogen (-196°C) or in a -150°C freezer 

Shelf Life  
x 1 year from date of receipt under proper storage conditions. 

Storage Medium 
x Cell Freezing Medium-DMSO 1x (Sigma-Aldrich Co., Cat. No. C6164) 

Shipping Conditions 
x Dry ice (–70°C) 

Product Documents 
Documents for Clontech® products are available for download at www.clontech.com/manuals  
The following documents apply to this product: 

x Retroviral Gene Transfer and Expression User Manual (PT3132-1) 

Cell Type Information 
GP2-293 is an HEK-derived cell line transformed with adenovirus type 5 DNA (HEK-293). The cells were engineered to 
express the MoMuLV Gag and Pol proteins. 

Recommended Cell Culture Medium 
90% DMEM; 10% fetal bovine serum; 4 mM L-glutamine; 100 units/ml penicillin G sodium;;  100  μg/ml  streptomycin  
sulfate; and 1 mM sodium pyruvate. 

  



Le cellule packaging 
esprimono 
stabilmente i geni 
virali necessari per 
produrre il virus 
ricombinate

envelope 
vector



Produzione del virus trasducente

Transient transfection



Figure 5. A plaque assay. Serial dilutions of virus have been plated on confluent 
monolayer cultures of cells (packaging cells must be used). The cells are stained after 
a period of time in which a single virus infects a cell, produces new virus particles and 
infects surrounding cells. The white areas show areas of the culture in which the cells 
have been infected. Each "plaque" is the result of the presence of one original 
infectious virus particle. 

virus titration by plaque assay



•Il recettore per env di Mo-MLV è ubiquitario in cellule di 
mammiferi (ecotropici, envelope di virus che infettano solo cellule 
murine; anfotropici, a più ampio spettro d’ospite)
•L’infezione non è patogena
•L’integrazione è random in alcuni casi sono stati individuati siti 
preferenziali e/o siti di cromatina aperta/positivi o negativo?
•Possono essere inseriti fino ad 8 kb di DNA
•LTR contengono un promotore ed un enhancer efficienti in molti 
tipi cellula/positivi o negativo?

aspetti positivi e negativi del trasferimento genico mediato da un 
vettore retrovirale



I vettori retrovirali sono limitati dal fatto che l’integrazione
ed espressione genica richiede cellule che si dividono
attivamente.

Questo limite può essere superato lavorando ex vivo ed
inducendo le cellule a proliferare

Superare questo limite cambiando virus
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