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Abstract - At present, virus replication is quite efficiently blocked by highly active antiretroviral therapy (HAART). However current
HAART therapies still have important limitations that compromise in the long term the health of the patient. This failure is due to the
existence of viral sanctuaries of replication-competent HIV-1, which can persists for the whole life. Two main strategies of HIV-1 gene
therapy have been tried. One is based in the rationale of killing the infected cells before the virus can produce infective particles and
the other strategy is to protect the cell from the virus. The first strategy uses lethal genes that are expressed in response to the expression
of a HIV-1 provirus. Although technical limitations and safety concerns have limited the use of this approach in the last years, recent
development of efficient lentiviral vectors and the need of the elimination of the latently infected cells are reasons to reconsider and
come back to use this approach. Elimination of latently infected cells would also represent a perfect complement of the HAART
therapy and may represent a hope in the long term for the development of a real cure of this infection.
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INTRODUCTION

In the last 8 years it has been developed new drug
combinations that represent important improvements in the
treatment of the infection by HIV-1. In developed
countries, and for those patients that can receive the anti-
retroviral therapy, this mortal disease has become into a
chronic disease. At present, virus replication is in most
patients quite efficiently blocked by highly active
antiretroviral therapy (HAART). However, we are still far
from a real cure of the disease, and the current HAART
therapies still have important limitations that compromise
in the long term the health of the patient. One limitation of
the therapies is originated because the virus has such a high
rate of mutation, that even in combined triple or quadruple
drug therapeutic regimens, drug resistant strains emerge in
the patients in prolonged HAART therapies (17,98). At the
same time, the serious side effects of HAART make it
intolerable for some patients, and in general, it
compromises the health of the patient in the long term. The
side effects also produce, in many cases, failures in the
drug adherence, which in turns accelerates the emergence

of drug resistant strains. However, the most severe
limitation of current therapies is the failure to eradicate the
virus and as a consequence, the patient is chronically
infected. This failure is due to the existence of viral
sanctuaries of replication-competent HIV-1, which can
persists in the patient probably for its whole life
(25,42,111). For one hand, drugs cannot reach some tissues
as it is the central nervous system (CNS) where the virus
can infect macrophages and microglia cells (86), or as the
retina or testis (88,117). But the most important sanctuary
is constituted by the latently infected resting CD4+ T cells
because they can persist for the whole life of the patient
(41,92,93,99). These cells contain an integrated provirus
that is silent, but that can become productive at any
moment if the cell is activated by the presence of an
antigen. Current estimations indicate that there are about
0.1 to 1 per 106 CD4+ T lymphocytes infected with
replication competent viruses resting in patients receiving
efficient suppressive HAART regimens (41,42,56,92,118).
The complexity of the treatment of the HIV-1 infection and
relevance of the disease justifies that many efforts have
been made aimed to develop efficient anti-HIV-1 gene
therapy approaches. In this review it is made a revision of
the main strategies used in HIV-1 therapy and the
limitations and possibilities of future development.
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BASIC HIV-1 GENETICS

HIV-1 is a member of the retrovirus family and it
belongs to the lentivirus genus, which shows remarkable
differences with other retroviruses as the oncoviruses. The
HIV-1 genome contains three genes that are common to all
retroviruses (gag, pol and env), and six genes that are
specific of HIV-1 and related lentiviruses (tat, rev, nef, vif,
vpr and vpu) (Fig. 1). Viral particles contain two genomic
single-stranded RNAs that are reverse transcribed shortly
after infection of susceptible cells. The double-stranded
cDNA once inside the nucleus of the cell is integrated into
chromosomal DNA. At this stage it becomes a provirus,
which is expressed in response to host factors and normally
leads to the production of new viral particles and to the cell
death.

The gag and env genes encode for the structural
proteins and the pol gene encodes for the protease, reverse
transcriptase and integrase enzymes. The pol gene products
are the targets for the HAART therapies, especially the

reverse transcriptase and the protease. The gag-pol and the
env genes are traduced as long proproteins that are
processed and activated by the protease activity. The vif,
vpr, vpu and nef genes encode for proteins that have been
termed “accessory” or “auxiliary” to reflect the fact that
they are needed for virus replication in some cellular types.
However, these genes are essential to make an effective
infection in the patient.

The viral genes are expressed in response to cellular
transcription factors (48), and by the activity of the Tat and
Rev proteins (107). Integrated provirus is expressed in a
full length RNA that contains several splicing donors and
acceptor sites (100). Fully spliced RNA encodes three
proteins that accumulate in the cell nucleus, Tat, Rev and
Nef. Tat is a potent transactivator that together to host
factors binds a 5’stem-loop of the nascent RNA(TAR) that
stabilise the RNA polymerase II complex by
hyperphosphorylation (10,57). Rev protein is inactive until
a threshold is reached, then multiple Rev proteins bind a
sequence present inside the env gene (RRE) and at the
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same time associates with the host nuclear export protein
CRM1 (43,55,82). Rev protein is therefore involved in
nuclear export of unspliced or single spliced transcripts,
and allows the expression of the genes (gag, pol, env, vif,
vpu and vpr) (38,51,72) (Fig. 1).

MAIN STRATEGIES USED IN THE GENE
THERAPY OF HIV-1 INFECTION

Gene therapy of HIV-1 has been performed by many
different experimental approaches. However, two main
strategies have been tried. One is based in the rationale of
killing the infected cells before the virus can produce
infective particles, with the aim of producing a kind of sink
where the virus can not replicate and get the clearance of
the virus from the blood and infected tissues. Another
strategy is to protect the cell from the virus, avoiding its
infection or if infected, producing an inhibition of the HIV-
1 replication.

Lethal genes used to eliminate infected cells
The first strategy uses toxic genes to induce the cell

death if the cell is infected. The vector expressing the lethal
gene must eliminate the infected cell faster than the virus
produce its progeny. The idea of eliminate the infected cells
is quite reasonable because it is a rapid way of eliminating
the virus, and it is preferable to get rid of the infected cells
than maintain them in the patient for an undetermined
period of time. However, this strategy is receiving less
attention in the last years, probably because the population
of transduced cells is expected to be diminishing and the
probable outcome is the elimination of them (74,76).
Therefore, this strategy utility seems to be limited by the
need of the development of a very efficient in vivo
transduction or repeated events of transduction. Another
concern regarding this approach is that the introduction of
toxic or lethal genes into healthy cells may compromise the
survival and / or the functionality of the cell. Therefore, any
gene therapy strategy that uses this kind of approach should
contain enough safety mechanisms to avoid any harm to
the cell or any interference with the normal function.

The strategy of eliminating the infected cells has the
limitation of the long-term lost of the transduced cells,
which make that the efficiency decay with the time.
However, if a huge number of HIV-1 target cells were
genetically modified, this kind of approach would be most
efficient to get in the total elimination of the virus or at least
producing a long-term suppression of the virus spread. Any
therapy that can get the patient rid of the severe adverse
side effects of the HAART therapies would be of great
benefits for the patients. For that reason, and although it is
true that there are still technical difficulties to get such an
efficient transduction, it is up to some extend surprising
that in the last years it has been put least effort in this

strategy than in the last decade. This type of strategy is
performed using suicide vectors that express a toxic gene
in response to viral regulatory proteins as Tat or Rev. in
vitro virus spread inhibition and selective killing of infected
cells was obtained with the herpes simplex virus type 1
thymidine kinase gene, which induce acyclovir and
ganciclovir sensitivity (16,22), diphteria toxin Achain gene
(30,32,53,54,91), the interferon α2 gene (91) and the
cytosine deaminase gene (91). Induction of apoptosis by
the over expression of P53 in response to the presence of
HIV-1 provirus, produce a very efficient and specific
destruction of infected cells (R. Oya, L Saniger and F.
Luque, unpublished data).

Anti-HIV-1 genes used to inhibit viral replication
The second strategy produces inhibition of the normal

replication virus cycle by interfering viral or cellular
function required for the viral cycle. This strategy has the
disadvantage that it does not eliminate infected cells and
therefore the virus is not eliminated. On the contrary, the
aim of this approach is to get a population of cells resistant
to the virus that might reconstitute the immune function.
An important difference of this strategy with the use of
toxic genes is that in this case the transduced cells have a
selective advantage over the untransduced, and therefore it
will produce a tendency of getting augmented its
proportion over the untransduced sensitive cells (76).
Therefore, a subpopulation of virus resistant cells will be
established in the patient. However, it remains unclear if
this subpopulation of transduced cells may be sufficient to
restore an efficient immune function. An interesting
approach is to make the genetic modification of
haematopoietic stem cells, which might be accompanied
by myeloablation to increase the fraction of final cells
resistant to the virus infection. Although, there are still
technical difficulties to may use this approach, as it is a
reduced lymphopoietic capacity observed in HIV-1-
infected patients (2), and an observed epigenetic silencing
of the inserted genes during differentiation of the
haematopoietic stem cells (60,81,83,85,116), recent studies
using lentiviral derived vectors reveals promising advances
for the use of this approach (31,52).

To obtain a subpopulation of cells resistant to the viral
infection it has been carried out genetic interventions to
block any step of the viral life cycle. The first step in the
viral life cycle is the entry in the cell. Preventing the virus
entry in the cell it is an ideal target to inhibit the replication
of the virus. The virus receptor is the CD4 transmembrane
receptor. However, this protein is essential for the normal
function of the CD4+ lymphocyte, and therefore it is not a
possible target to be blocked. CCR5 is a coreceptor needed
for normal entry of the virus in the initial infection and
subsequent dissemination (24,94). The absence of this
membrane protein does not have any known effect, and it



is then an ideal target to inhibit the viral entry. Another
coreceptor, CXCR4 (11,39), it’s used for some viral strains
that appear along the infection and represents another
target to inhibit virus entry. Its silencing using small
interfering RNAs (siRNA) does not produce serious side
effects (73). Thus, the expression of both receptors has
been blocked using the expression of ribozymes,
intracellular single chain antibodies, intrakines and siRNA
(1,5,7,15,20,40,64). Recently, peptides derived from the
Env protein gp41 have been used to inhibit the HIV-1 entry
in the cell at the level of membrane fusion (35). A second
target used, is the conversion of the viral RNA into an
integrated provirus, thus reverse transcriptase and integrase
have been blocked by the use of monoclonal antibodies
(14,66,97). Athird step of the life cycle is the provirus gene
expression. This step has been the focus of a number of
different experimental approaches to avoid the effective
expression of the inserted provirus. The preferred target has
been the inhibition of the Tat induced transactivation of
gene expression. In this way, it is inhibited the transcription
of the provirus, which can avoid the expression of viral
proteins that interfere with cellular functions, and very
important, it is suppressed the multiple adverse effects of
the Tat protein (37,46,47,58,68,84,96,114,115,120). Tat
activity has been blocked by transdominant negative Tat
mutants (44,95), anti-Tat intracellular antibodies (89,90),
anti-hCyclinT1 intrabodies that prevent the Tat interaction
with the positive transcription elongation factor b (6), or by
the suppression of its interaction with the TAR element by
RNA decoys (18,45,69,70), TAR antisense (23,109) or
ribozymes-anti-TAR (105). Transcription has been also
blocked with ribozymes directed against the LTR U5
region to get degraded the viral transcripts (34,49,63,113).
Another target to avoid the viral gene expression is to block
the Rev activity, and in this way to prevent the nuclear
export of unspliced or partially spliced transcripts. The
expression of the genes that are processed in the multiple
spliced mRNA is in this way avoided. Many of the toxic
effects of the viral proteins can be avoided, but not those
produced by the Tat protein. Transdominant negative Rev
mutants (4,9,13,21,28,75,77,87,109), RRE decoys RNAs
(21), and siRNA (3,8,9,65) have been used to efficiently
block the Rev function. Finally, structural genes can be
blocked to prevent from virion formation. Transdominant
Gag mutants (106,108) and intrabodies anti-env (89) have
been used succesfully. Also the α1 antitrypsin gene inhibits
cellular serine proteases as well as the viral protease and
produced a potent inhibition of HIV-1 replication in
transduced lymphocytes (29). However, the cytotoxic
effects of the other viral proteins are not prevented with this
strategy. The emergence of resistant mutant strains is
probably the main problem of these strategies where the
target chosen to inhibit the viral replication is a viral gene,
however the use of RNA decoys are probably a very good

approach to limit this problem. Another strategy to solve
the problem of emergence of resistant strains is to develop
vectors that contain two antiviral genes, thus a combination
of a transdominant negative Rev and an antisense env can
inhibit quite efficiently the HIV-1 replication (77).

Most studies of gene therapy of HIV-1 can be classified
into these two main strategies, however, an interesting
different approach has been proposed. This approach is
aimed not to eradicate the virus, nor to reconstitute a
immune function with genetically modified cells, but to
introduce a conditionally replicating HIV-1 (crHIV-1) that
interfere with the virus replication in such a way that the
wild virus spread is sufficiently diminished to delay or
avoid the onset of AIDS. Therefore, in this strategy the
patient would receive a crHIV-1 that behaves as a parasite
of the wild HIV-1. The crHIV-1 should be innocuous for
the cells, and its introduction in the patient should make
that the infection would be tolerated (33,34,110). The main
difficulty for the feasibility of this approach is the high
mutation rate of the wild HIV-1 that could allow the
emergence of viruses resistant to the parasitic activity of the
crHIV-1. Another concern is that recombinant forms
between the wild virus and the crHIV-1 could appear and
compromise the efficiency of the strategy.

VECTORS USED IN HIV-1 GENE THERAPY

Many different vectors have been used to deliver anti-
viral genes into target cells in the HIV-1 gene therapy. Those
vectors were based on viruses such as Moloney murine
leukemia virus (MoMLV), adeno-associated virus (AAV),
simian virus 40 (SV40) or lentiviral viruses as HIV-1, HIV-
2, simian inmunodeficiency virus (SIV) and feline
immunodeficiency virus (FIV). In the last few years it’s
being developed and used lentiviral derived vectors because
these viruses can infect both dividing and quiescent cells,
while oncoretroviruses can only infect dividing cells (67).
Extensive review of lentiviruses used for a HIV-1 gene
therapy can be found in references (19,74,76). Lentiviral
vectors must be packaged into virions by a system of helper
cell line where the vector is introduced to produce the
packaged vector RNA (Fig. 2). HIV-1 or HIV-2 derived
vectors have the advantage of been able to be directed very
specifically towards the same target cells than the wild type
virus. An efficient vector delivery and at the same time, a
restricted delivery of the vector to the HIV-1 target cells are
desirable characteristics that should have an anti-HIV-1
vector. Another advantage of HIV-1-based vectors is that
they are less sensitive to gene silencing during cell
differentiation (71), and for this reason may be ideal for
hematopoietic cells transduction. Although, packaging of
lentiviral derived vectors is still less efficient than the
obtained with other viral systems and needs to be improved
to may proceed with an in vivo gene therapy, relevant
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improvements have been made recently, and an efficient
large-scale production and concentration of HIV-1 derived
lentiviral vectors has been got (26). Lentiviral vectors
directed against HIV-1 target cells should be packaged into
HIV-1 wild type virions that contain the viral Env proteins.
Some HIV-1 strains show a tropism towards CNS cells. The
vesicular stomatitis virus G-protein (VSV-G) broadens the
spectrum of target cells including the CNS cells and also
yields higher vector titers, as well as, it gives greater stability
to the packaged vector viral particles (112). Lentiviral
vectors pseudotyped with VSV-G have been successfully
used for the delivery of lentiviral vectors into the CNS
(12,59,61,62,80,119). SV40-based vectors can be very
efficiently packaged and transduce non-dividing cells,
including CNS cells (101,103,104). An efficient protection
of the neurons from the HIV-1 has been obtained with anti-
HIV-1 transgenes delivered by SV40 vectors (28). The
efficiency of the production of highly titer of SV40 derived
vector makes an interesting delivery system to carry out and
in vivo gene therapy of HIV-1 infection (27-29,50,102), but
on the other hand, it still remains the fact that these vectors
can transduce and modify genetically many cells that are not
HIV-1 targets, which it would be preferable to be avoided.

FUTURE PERSPECTIVES

As it has just been described, none of the strategies
lacks of limitations, but many of them are merely technical
and therefore should be solved in the near future. Of special
interest is the ex vivo modification of hematopoietic cells
that can engraft and produce multiple cell types (36,78,79),
and that may exhibit resistance to the virus replication (8).
This type of approach may represent a hope for the near
future for patients that do not tolerate the HAART therapy
and later on for most patients. However, and although this
type of approaches aimed to make less aggressive the
infection may give good results in a shorter term, it should
be considered that the real solution for this disease would
come with the complete eradication of the virus from the
patient. Recent improvements in delivery systems using
lentiviral vectors make conceivable that in the future it will
be possible to get an efficient in vivo vector delivery to
HIV-1 target cells, which represents a hope for the virus
eradication from the patient. In the long-term, this should
be the horizon for the treatment of the HIV-1 infection,
because it will represent a real cure for this infection, and
also it will prevent new infections of people that might

Fig. 2 Packaging system to produce virions with the vector RNA



have unprotected sexual contact with the patient. However,
to get a complete eradication of the virus it should be
developed an experimental strategy directed to eliminate
the reservoir of latently infected resting CD4+ T
lymphocytes. As mentioned previously, this reservoir can
last for the whole life of the patient and it represents and
constant peril of reactivation of the virus. The elimination
of infected cells using lethal genes is a strategy that in the
last years has received very little attention, but that it is
worth to be reconsidered in order to eliminate the HIV-1
latent reservoir. This would be an important task to advance
in the viral eradication and would represent a complement
of the current HAART therapy. The development of
vectors that express the lethal gene in a very tight
regulation system it is needed to avoid any harm to healthy
transduced cells. The use of physiologic cellular genes as
p53 to induce apoptosis may be an alternative to toxic
genes to preserve the normal function of the uninfected
transduced cells. This approach would take advantage of
the success of the antiretroviral therapy and instead of
being an alternative to HAART, it might produce a
synergistic effect to it. Thus, as a conclusion, we believe
that the development of efficient gene delivery by lentiviral
vectors and the objective of eliminating the latent reservoir
make that the use of lethal genes in HIV-1 gene therapy,
unattended in the last years, should be positively
reconsidered.
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