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Genus Examples Features

Alpharetrovirus Rous sarcoma virus, oncogene present in
Avian leukosis virus many members

Betaretrovitrus Mouse mammary tumor virus mammary carcinomas

Gammaretrovirus Moloney murine leukemia oncogene present in
virus, Feline leukemia virus many members

Deltaretrovirus Human T-cell lymphotrophic T- and B-cell lymphomas
viruses (1, 2 and 5), bovine
leukemia virus

Epsilonretrovirus Walleye dermal sarcoma virus sarcomas

Lentivirus Human immunodeficiency AIDS
virus (HIV-1, HV-2), simian
immunodeficiency virus (SIV)

Spumavirus simian foamy virus, human benign
foamy virus

Family Retroviridae



Morphology of Retroviruses

MMTV           HIV-1           HTLV-1

HIV-1  

HTLV-1



Structure of a Retrovirus

Lollipop-like spikes





Retrovirus 
replicative cycle



The diploid retroviral genome

Most mammalian retroviruses 
use tRNAPRO, tRNALys3, tRNALys1,2

The partially unfolded tRNA is
annealed via at least 18 nt at
its 3’ end to a site on RNA 

genome called the
primer-binding site (pbs)



The reverse transcription process -1



The reverse transcription process -2



The 5’ end of the viral RNA genome is
degraded by the RNAse H activity of RT 
as the the (-) strand DNA is synthesized

The RNA genome continues to be 
degraded as (-) strand DNA is synthesized

(+) strand DNA synthesis begins
primed by the ppt RNA

The PBS sequence is copied
twice: from the RNA genome
and from the tRNA primer (+)

RNAse H activity of RT removes
both primer RNAs

DNA ends are juxtaposed by 
annealing at complementary
PBS sequences
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Strand dispacement synthesis

Strand dispacement synthesis by 
RT extends the (-) strand DNA 

Sequences bordered by the (-) and (+) strand
start site (pbs and ppt) are copied twice
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Characteristics  of retroviral integration



Translation strategies of Retroviruses
The synthesis of multiple proteins

Polyprotein synthesis: the Gag polyprotein

Ribosomal frameshifting:the Gag-Pol fusion



Assembly of a retrovirus from polyprotein precursors



Sequences important in packaging of retroviral genomes



Viral vectors



Viral vectors



•Well characterized 

•Easily to manipulate (genomes 7-9 kb)

•They require 3 trans (gag, pol, env) and 7 major cis-active 
control elements (U3, R, U5, PBS, SD, Y, SA ) in order to 
replicate

•Stability of recombinants vectors (plasmids)

•High efficiency of gene transfer

•Most are replication-defective

•Stable and precise integration of the transgene

•Low immunogenicity

•Can be pseudotyped to infect a broad range of cells

Favorable Features of Retroviruses as  Vectors



Retrovirus as vectors

•Replication-incompetent vectors
-They bear deletions of some or all of the 
viral genes
-They retain cis-acting viral sequences 
necessary for transmission (U3, R, U5, PBS, 
SD, Y, SA)
-They need to be propagated in “packaging”
cell lines that provide in trans gag, pol, env

•Replication-competent vectors (RCR)
-Avian vectors (up to 2 kb inserts)



Replication-incompetent vectors





Retroviral vectors



Retroviral vectors



1. Production of Recombinant Retrovirus in the 
Packaging Cell



2. Infection of a Target cell and Expression by a
Replication-Incompetent Retrovirus Vector



Production of infectious 
retroviral particles 

containing 
the gene of interest

Infection of target cells
and expression by a

replication-incompetent 
retrovirus vector



Production of recombinant retroviral stocks by 
stable and transient producer cell lines



Packaging cell:
produces viral 
proteins from 

stably integrated 
genes



RetroPack PT67 cell line is 
a NIH/3T3-based 

packaging line expressing 
the 10A1 viral envelop



Development of retroviral vector design



LTR

Internal promoter

IRES

Replication-defective 
retroviral vectors



Retroviral expression vectors



Retroviral expression vectors



Picornaviruses IRES 
and their use in 

molecular biology
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Safety-modified
retrovirus vectors

(SIN vectors) 
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Retrovirus tropism is determined at three levels:

1) Viral envelope proteins (gpSU);

2) Nuclear translocation and integration
-defined by structural features of p30CA

3) Transcriptional activity of the LTR in the 
transfected cell 
- MLV LTR is active in most mammalian cell 
types

Tropism of Retrovirus Vectors



Retroviridae host-cell receptors and co-receptors

The envelope determines which cells the retrovirus enter
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Host-range of MoMuLV-derived Vectors

•Ecotropic glycoprotein, gp70, allows infection of
rat and mouse cells

•Amphotropic glycoprotein gp70 endows a
murine virus with a very broad host range (mouse,
human, chicken, dog, cat, mink cells)

•Polytropic receptors can be utilized for retrovirus
entry. Pseudotyping the retroviral envelope with the
VSV G protein confers a host range capable to
infect mammalian, fish, frogs and insect cells



Host-range of Retroviral Vectors

G



Disadvantages of Retrovirus Transduction System

• Post-mitotic cells cannot be transduced

• Unable to transduce large (>11kb) DNA 
fragments

• Random integration and genome 
rearrangement (risk of insertional 
activation of cellular genes)



Retrovirus vectors - a research lab 
application:

generation of a GFP-expressing retroviral 
vector by using the Retromax system



Retromax system: choice of vectors



Ecotropic 
(usually (MoMuLV)

mouse and rat cells only 
(not human)

Amphotropic 
(from 4070 MulV) 

most mammalian cells 
(no hamster)

Gibbon Ape leukemia 
virus (GALV)

many mammalian cells 
(including hamster)

10A1 (MuLV) most mammalian cells 
(including hamster)

Retromax system: choice of packaging 
vectors



Retromax system: choice of packaging vectors

The pCL-Eco packaging vector. The gene coding for env was
replaced with env gene from different MULV strains (4070A and
10A1) to create pCL-Ampho and pCL-10A1 packaging vectors



Retromax system: pCL packaging vectors



Retromax system: outline of the procedure

Split infected target cell and grow for selecting 
stable expressing cell lines (G418 selection) 

Prepare 293 cells 

Co-transfect with retroviral vector containing gene 
of interest and an appropriate packaging vector

Infect target cells, either for titer determination or for 
gene expression

After 48 h, harvest virus containing supernatant



1/2 IRES GFP

Retromax system: construction of pCLXSN-
GFP vectors



GFP exp in infected HUVECs after 1 wk of G418 selection

(GFP)



Retrovirus Vectors and 
Gene Therapy



Gene therapy: for what?

2017 - n. 2597



Gene therapy : main viral vectors systems





Retroviruses as vectors for delivering gene therapy



Retrovirus for gene therapy of ADA-SCID

David Vetter: the first «bubble boy», 1971-1983 



• Deficiency of adenosine deaminase (ADA), an enzyme of purine 
metabolism.

• Mutations of the ADA gene cause profound lymphopenia (T, B, and NK 
cells).

• Untreated ADA-SCID is a fatal disorder.
• To restore ADA activity and reconstitute protective immunity: enzyme

replacement therapy (ERT); allogeneic hematopoietic stem cell
transplantation (HSCT), and gene therapy (GT) with autologous gene-
corrected hematopoietic stem cells (HSC). 

ADA-SCID: background
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Leading Edge

Bench to Bedside

Gene Therapy for “Bubble Boy” Disease 
Jonathan Hoggatt
Cancer Center and Center for Transplantation Sciences, Massachusetts General Hospital, Boston, MA 02129, USA
Correspondence: hoggatt.jonathan@mgh.harvard.edu
http://dx.doi.org/10.1016/j.cell.2016.06.049

Adenosine deaminase (ADA) deficiency results in the 
accumulation of toxic metabolites that destroy the 
immune system, causing severe combined immunodefi-
ciency (ADA-SCID), often referred to as the “bubble boy” 
disease. Strimvelis is a European Medicines Agency 
approved gene therapy for ADA-SCID patients without a 
suitable bone marrow donor.

NAME
Strimvelis (GSK2696273); international nonproprietary name: 
autologous CD34+ enriched cell fraction that contains CD34+ cells 
transduced with retroviral vector that encodes for the human ADA 
cDNA sequence

APPROVED FOR 
Treatment of severe combined immunodeficiency due to adenosine 
deaminase deficiency (ADA-SCID) in patients who cannot be treated 
by a bone-marrow transplant because they do not have a suitable, 
matched, related donor

TYPE
Gene therapy: autologous CD34+ enriched cell fraction that contains 
CD34+ cells transduced with retroviral vector (LXSN vector) that 
encodes for the human ADA cDNA sequence 

CELLULAR TARGETS
CD34+ hematopoietic cells

EFFECTS ON TARGETS

Replaces defective adenosine deaminase in immune cells

DEVELOPED BY
GlaxoSmithKline, MolMed, San Raffaele Telethon Institute for 
Gene Therapy

References for further reading are available with this article online: www.cell.com/cell/fulltext/S0092-8674(16)30857-1

Day 0:
Wash transduced
CD34+ cells and
infuse into patient

Day -4:
Harvest bone
marrow

Day -4:
Isolate CD34+ cells

Day -3 to -1:
Three daily rounds of
retroviral supernatant
addition

Stimulate with cytokines
(SCF, Flt3, TPO, IL-3)

1970 1975 1985 1990 1995 2000 2005 2010 2015

1972
ADA deficiency discovered
in two SCID patients

1990
First ever gene therapy 
performed at NIH in 
ADA-SCID patient

1980

HLA-matched related donorsDisease frequency Treatments to date 

1-9
1,000,000

2000
First patient treated
with Strimvelis protocol

2002
Report on pilot study with two 
patients given gene therapy with 
enhanced transduction protocol, 
without enzyme replacement therapy

2009
Long-term follow up 
(median 4.0 years) 
reported for 10 patients 
with 100% survival rate

2016
Strimvelis approved 
in Europe for 
ADA-SCID

>75% of patients do not  
have a suitable  
HLA-meatched 
related donor

OUT OF 
EVERY

LIVE BIRTHS
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Retrovirus as a therapeutical agent for ADA- SCID
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Commentary

Gene therapy for ADA-SCID, the first
marketing approval of an ex vivo gene
therapy in Europe: paving the road for the
next generation of advanced therapy
medicinal products
Alessandro Aiuti1,2 , Maria Grazia Roncarolo1,2,† & Luigi Naldini1,2

Gene and cell therapy research recently
reached a fundamental milestone toward
the goal to deliver new medicines for
orphan diseases. In 2016, the European
Commission granted market approval
to GlaxoSmithKline (GSK) for ex vivo
hematopoietic stem cell (HSC) gene ther-
apy for the treatment of adenosine deam-
inase (ADA)-deficient severe combined
immunodeficiency (SCID), a very rare
congenital disorder of the immune
system. The new medicine, named Strim-
velisTM, is an advanced therapy medicinal
product (ATMP) (Salmikangas et al, 2015)
originally developed by the San Raffaele
Telethon Institute for Gene Therapy (SR-
Tiget), a joint venture between Telethon
Foundation and San Raffaele Scientific
Institute. This ATMP is the first ex vivo
stem cell gene therapy to receive regula-
tory approval anywhere in the world.
StrimvelisTM consists of a single infusion of
autologous gene-corrected HSC and is
prepared from the patient’s own bone
marrow (BM) HSCs, which are genetically
modified using a gamma-retroviral vector
to insert a functional copy of the ADA
gene.

A DA-SCID is a life-threatening disease,

which is typically fatal within the

child’s first years of life, because of

lymphopenia, failure to thrive, and recurrent

and opportunistic infections (Gaspar et al,

2009). Non-immunological features include

skeletal abnormalities, neurological deficits,

and hepatic dysfunction. Although a BM

transplant from a human leukocyte antigen

(HLA)-matched related donor is recom-

mended as first-line treatment, this is only

available for a minority of patients (< 25%)

and survival after transplantation falls signif-

icantly as HLA matching decreases, ranging

from 86% to 43%, albeit improving in most

recent years (Hassan et al, 2012). In the

absence of an HLA-matched donor, patients

can be treated with weekly intramuscular

injections of enzyme replacement therapy

(ERT) consisting of bovine ADA. However,

the efficacy of long-term ERT tends to

decrease over time, and it does not prevent

chronic complications and can amount to

staggeringly high costs (Gaspar et al, 2009).

Approval of gene therapy for ADA-SCID

arrives 25 years after the first gene therapy

attempt in humans. ADA-SCID was consid-

ered an ideal candidate for somatic cell gene

therapy because of the ubiquitous expres-

sion of the ADA enzyme in normal

conditions and the survival advantage of

ADA-expressing cells (Ferrari et al, 1991).

The pioneering work of research groups in

Italy and the USA provided fundamental

proof-of-concept that gene therapy was

feasible and had an acceptable safety profile.

The first approaches were based on multiple

infusions of peripheral blood lymphocytes

transduced with a gamma-retroviral vector,

which resulted in sustained engraftment of

ADA-expressing T cells (Blaese et al, 1995;

Bordignon et al, 1995) (Fig 1). A parallel

strategy was developed aimed at infusing

BM or umbilical cord blood progenitors to

patients without any preparative condition-

ing (Bordignon et al, 1995; Kohn et al,

1995). These studies resulted in low vector

marking of progenitor-derived cells with

insufficient ADA production, and patients

remained on ERT.

A breakthrough was achieved when two

successful pilot studies conducted at Hadas-

sah Hospital (Jerusalem, Israel) and SR-Tiget

introduced an improved gene transfer proto-

col for BM hematopoietic stem and progeni-

tor cells and the use of non-myeloablative

chemotherapy regimen with busulfan in

advance of gene therapy to make space for

the transduced progenitors in the BM (Aiuti

et al, 2002). Since none of the patients

1 San Raffaele Telethon Institute for Gene Therapy (SR-Tiget), IRCCS San Raffaele Scientific Institute, Milan, Italy. E-mail: aiuti.alessandro@hsr.it
2 Vita Salute San Raffaele University, Milan, Italy
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Retroviruses as vectors: development of Strimvelis

received concurrent ERT, the efficacy of

gene therapy as single treatment could be

fully assessed, exploiting at the same time

the growth advantage for ADA-transduced

cells. Following these initial studies, results

were confirmed and extended in a phase I/II

pivotal study conducted in 12 more patients

at SR-Tiget (Fig 1). Gene therapy resulted in

sustained lymphoid reconstitution with

gene-corrected T cells, improvement of

immune functions, and effective metabolic

detoxification, in the absence of adverse

events related to gene therapy (Aiuti et al,

2009).

Market approval of StrimvelisTM in the

European Union (EU) was based on data

collected from a total of 18 ADA-SCID chil-

dren treated from 2000 to 2011, with a

median follow-up of about 7 years (Cicalese

et al, 2016). Survival was 100% and the

majority of patients showed evidence of

long-term gene correction in T lymphocytes,

sustained increase in lymphocyte counts,

maintenance of robust immune reconstitu-

tion, significantly fewer severe infections

over time, and continued physical growth.

Whereas gene marking was high in the T-cell

compartment (averaging 70% at 1-year

follow-up), in agreement with the survival

advantage of gene-corrected lymphoid cells,

the level of gene marking was much lower in

the myeloid compartment (median 1–2% in

CD34+ cells), indicating limited transduction

and/or engraftment of transduced HSC.

Importantly, gene-modified cells were detect-

able in multiple hematopoietic lineages and

stable engraftment persisted throughout

long-term follow-up in the majority of

patients, indicating that, although at low

levels, correction of multipotent stem cells

was achieved.

Overall, the safety findings were in line

with those expected in an ADA-SCID popula-

tion receiving chemotherapy with busulfan

and undergoing immune reconstitution.

Importantly, unlike these trials, no events

indicative of leukemic transformation of

transduced cell clones were reported. This

positive outcome and the key role of condi-

tioning were also reported by subsequent

gene therapy studies for ADA-SCID

performed at other centers using different

gamma-retroviral vectors (Gaspar et al, 2011;

Candotti et al, 2012).

The approval of ADA-SCID gene therapy

is the result of a joint effort among different

stakeholders and exemplifies how the open

cooperation between academic institutions,

not-for-profit funding agencies, and pharma-

ceutical industry can overcome the many

hurdles in developing new drugs for rare

conditions.

Throughout the past 15 years, key

research has been carried out aimed at

studying the pathogenesis of immune and

non-immune manifestations of ADA-SCID,

optimizing gene transfer into HSC and inves-

tigating their in vivo behavior after engraft-

ment (Aiuti et al, 2007). SR-Tiget established

dedicated infrastructures to support high-

quality preclinical studies and proof-of-

concept ATMP clinical trials, including (i) a

Good Laboratory Practice (GLP) test facility

for preclinical studies (Carriglio et al, 2017),

(ii) a Pediatric Clinical Research Unit with a

multidisciplinary clinical team and a special-

ized clinical trial office, and (iii) a vector

integration Core Unit to perform genome-

wide profiling of vector integration sites in

preclinical and patient samples. However,

when the medicinal product obtained orphan

drug designation by the European Medicines

Agency (EMA), the Telethon Foundation still

faced the challenge of finding the resources

to complete the drug development process to

actually fulfill its mission to make the treat-

ment available to all patients in need

(Monaco & Faccio, 2017). The agreement

signed by the Telethon Foundation, the San

Raffaele Hospital, and GSK in 2010 provided

the economic resources, the expertise, and

the infrastructures required to complete clin-

ical development, establish pharmaceutical

Clinical development of ADA-SCID gene therapy at SR-Tiget
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Figure 1. Schematic representation of the key scientific and regulatory milestones in the clinical development of ADA-SCID gene therapy, leading to its
approval in the EU.
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marketing approval of an ex vivo gene
therapy in Europe: paving the road for the
next generation of advanced therapy
medicinal products
Alessandro Aiuti1,2 , Maria Grazia Roncarolo1,2,† & Luigi Naldini1,2

Gene and cell therapy research recently
reached a fundamental milestone toward
the goal to deliver new medicines for
orphan diseases. In 2016, the European
Commission granted market approval
to GlaxoSmithKline (GSK) for ex vivo
hematopoietic stem cell (HSC) gene ther-
apy for the treatment of adenosine deam-
inase (ADA)-deficient severe combined
immunodeficiency (SCID), a very rare
congenital disorder of the immune
system. The new medicine, named Strim-
velisTM, is an advanced therapy medicinal
product (ATMP) (Salmikangas et al, 2015)
originally developed by the San Raffaele
Telethon Institute for Gene Therapy (SR-
Tiget), a joint venture between Telethon
Foundation and San Raffaele Scientific
Institute. This ATMP is the first ex vivo
stem cell gene therapy to receive regula-
tory approval anywhere in the world.
StrimvelisTM consists of a single infusion of
autologous gene-corrected HSC and is
prepared from the patient’s own bone
marrow (BM) HSCs, which are genetically
modified using a gamma-retroviral vector
to insert a functional copy of the ADA
gene.

A DA-SCID is a life-threatening disease,

which is typically fatal within the

child’s first years of life, because of

lymphopenia, failure to thrive, and recurrent

and opportunistic infections (Gaspar et al,

2009). Non-immunological features include

skeletal abnormalities, neurological deficits,

and hepatic dysfunction. Although a BM

transplant from a human leukocyte antigen

(HLA)-matched related donor is recom-

mended as first-line treatment, this is only

available for a minority of patients (< 25%)

and survival after transplantation falls signif-

icantly as HLA matching decreases, ranging

from 86% to 43%, albeit improving in most

recent years (Hassan et al, 2012). In the

absence of an HLA-matched donor, patients

can be treated with weekly intramuscular

injections of enzyme replacement therapy

(ERT) consisting of bovine ADA. However,

the efficacy of long-term ERT tends to

decrease over time, and it does not prevent

chronic complications and can amount to

staggeringly high costs (Gaspar et al, 2009).

Approval of gene therapy for ADA-SCID

arrives 25 years after the first gene therapy

attempt in humans. ADA-SCID was consid-

ered an ideal candidate for somatic cell gene

therapy because of the ubiquitous expres-

sion of the ADA enzyme in normal

conditions and the survival advantage of

ADA-expressing cells (Ferrari et al, 1991).

The pioneering work of research groups in

Italy and the USA provided fundamental

proof-of-concept that gene therapy was

feasible and had an acceptable safety profile.

The first approaches were based on multiple

infusions of peripheral blood lymphocytes

transduced with a gamma-retroviral vector,

which resulted in sustained engraftment of

ADA-expressing T cells (Blaese et al, 1995;

Bordignon et al, 1995) (Fig 1). A parallel

strategy was developed aimed at infusing

BM or umbilical cord blood progenitors to

patients without any preparative condition-

ing (Bordignon et al, 1995; Kohn et al,

1995). These studies resulted in low vector

marking of progenitor-derived cells with

insufficient ADA production, and patients

remained on ERT.

A breakthrough was achieved when two

successful pilot studies conducted at Hadas-

sah Hospital (Jerusalem, Israel) and SR-Tiget

introduced an improved gene transfer proto-

col for BM hematopoietic stem and progeni-

tor cells and the use of non-myeloablative

chemotherapy regimen with busulfan in

advance of gene therapy to make space for

the transduced progenitors in the BM (Aiuti

et al, 2002). Since none of the patients
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EMA approved gene therapy for ADA-
SCID  



Engineering Viral Genomes:
Lentivirus Vectors
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Viral vectors



HIV





Genome organization of HIV-1 and HIV-2



HIV lyfe cycle



HIV receptor and coreceptors



HIV attachment and entry into cells

coreceptor



HIV-1 LTR



HIV gene expression



HIV auxiliary proteins 



HIV genome



• 14 kDa protein encodes by a multispliced mRNA
• Binds the TAR element and stabilizes mRNA
conformation

• Binds cyclin T1+CDK9 and stimulates the kinase
activity of TFIIH

• Stimulates phosphorylation of RNA pol II CTD and
increase its processivity

• Allows the transcription of long mRNA (e.g., gag-pol
full lenght mRNA)

• Stimulates production of viral RNA as much as 100
fold

HIV Tat: features and functions



HIV TRASCRIPTION  - Tat and TAR



HIV TRASCRIPTION  - Tat and TAR



HIV TRANSCRIPTION                   
Tat and TAR

HIV-1 transcription in the 
presence or absence of Tat

Stimulation of transcription of 
HIV-1 proviral DNA by Tat



HIV TRANSCRIPTION                   
mRNA splicing



• 19 kDa protein encodes by a multispliced mRNA
• Binds the RRE element of HIV mRNAs
• Allows export to cytoplasm of RRE-containing mRNAS
from which virion structural proteins and enzymes are
made. It interacts with exportin-1 and Ran-GTP

• Allows expression of proteins encoded by unspliced
mRNAs (gag-pol) o single-spliced (Vif,Vpr, Vpu,Env)

• Determines a shift in HIV gene expression (regulatory
protein ------> structural proteins)

• Absent in simple Retroviruses in which full-lenght mRNAs
contain a constitutive export sequences

HIV Rev: features and functions



Regulation of export of HIV-1 mRNAs by the viral Rev protein

Prior to Rev synthesis only fully spliced mRNA (2-kb class) are exported in the cytoplasm.
When Rev is made it enters the nucleus and binds the RRE in unspliced (9-kb class) and singly-spliced (4-
kb class) viral mRNAs. This interaction induces export to cytoplasm of RRE-containing mRNAs, from which
virion structural proteins and enzymes are made.



Binding  of Rev protein to the rev-responsive element (RRE)



Model of export HIV-1 mRNAs containing introns by the viral Rev protein



HIV auxiliary proteins



HIV egress by budding at the plasma membrane



Lentiviral 
vectors



•HIV-1 integrates its DNA and completes a replication cycle 
in fully differentiated, non dividing cells (macrophages). 

•So, this virus must have a mechanims for the active 
transport of preintegration complexes into the nucleus.

•Vpr and  a minor, phosphorylated, form of the matrix (MA/ 
p17) protein direct nuclear import of the HIV-1 preintegration 
complex.

•Nuclear localization signals have been found in the IN 
protein of HIV-1 

Favorable Features of Lentivirus Vectors



Retrovirus and Lentivirus vectors



Several components are essential to generate a lentiviral vector, including:

1. A lentiviral construct: with LTRs and the Packaging Signal Psi (Ψ);
2. The transgene of interest: e.g., a cDNA, miRNA, or shRNA cloned into

the lentiviral construct; 
3. Helper plasmids: packaging and envelope plasmids; 
4. A packaging cell line: the “factory” in which the viral vector production 

takes place. The lentiviral construct with the transgene and helper
plasmids are transiently transfected into a packaging cell line such as
HEK-293T cells, where they get assembled.

Since Lentiviruses have high mutation and recombination rates, so the 
likelihood that HIV could self-replicate and be produced during vector
manufacturing by recombination is a serious safety concern. To reduce that
probability, in a safety-modified lentiviral vector:

Essential genes must be separated into different plasmids, and the 
four viral accessory genes (vif, vpr, vpu and nef) deleted.

Thus, multiple recombination events would be necessary to reconstitute a 
Replication-Competent Lentivirus (RCL).

Lentiviral Vector Construction 



All present









Structure of a SIN HIV-1 based vector



Development of self-inactivating vectors or SIN vectors

Packaging plasmids

Transfer vectors



Lentiviral SIN vectors



A 3rd generation Lentiviral vector system



Flow-chart production of a recombinant lentiviral vector



A 3rd generation Lentiviral
vector system

gag, pol

rev

VSV G

gene of interest



Pros and Cons of Lentiviral Vectors



Biosafety Considerations for Research Work with Lentiviral Vectors



The first clinical trial of a 
lentiviral vector highlights the 
promise of this new class of 

gene-therapy vector 






