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Abstract
HAART has succeeded in reducing morbidity and mortality rates in patients infected with HIV.
However, a small amount of replication-competent HIV can persist during HAART, allowing the
virus to re-emerge if therapy is ceased. One significant source of this persistent virus is a pool of
long-lived, latently infected CD4+ T cells. This article outlines what is known about how this
reservoir is established and maintained, and describes the model systems that have provided
insights into the molecular mechanisms governing HIV latency. The therapeutic approaches for
eliminating latent cells that have been attempted are also discussed, including how improvements
in understanding of these persistent HIV reservoirs are being used to develop enhanced methods
for their depletion.
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The natural course of HIV disease is generally characterized by high levels of virus
replication throughout infection, involving an extremely rapid turnover of both infected cells
and plasma virions [1–5]. This replication occurs predominantly within CD4+ T cells and is
responsible for the deterioration of the host immune system that culminates in AIDS. To
inhibit HIV replication and prevent disease progression, a range of potent antiretroviral
drugs that target different stages of the viral lifecycle have been developed [6–8].
Combinations including three or more of these drugs are typically administered in the
context of HAART, which is often effective at suppressing viral loads to below the limit of
detection of standard clinical assays (50 copies of HIV RNA per ml of plasma) [9–12].
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While HAART has significantly decreased the morbidity and mortality rates associated with
HIV infection, there are a number of problems associated with its long-term use, including
drug toxicities, development of virologic resistance and significant financial expense. More
importantly, HAART is not capable of curing infected patients. This is because a very small
amount of replication-competent HIV persists during therapy, meaning that if treatment is
stopped then viral loads quickly rebound, allowing disease progression to continue [13].

A substantial research effort is currently directed towards developing a more complete
understanding of the sources of virus that re-emerge after cessation of HAART. It is hoped
that if these reservoirs can be identified and eliminated, then virus replication could be
permanently halted. While other sources of persistent virus exist, HIV latency is believed to
represent a significant barrier to eradication of HIV in HAART-treated patients. Some of the
current concepts about how latency may be established and maintained are outlined and the
experimental models that have provided insights into the mechanisms governing this process
are described in this article. Alternative potential sources of replication-competent HIV in
treated patients and new experimental therapeutic approaches that may be efficacious
against these elusive targets are also discussed.

Pre- & postintegration latency
Two forms of HIV latency have been described that differ fundamentally in their
contribution to long-term virus persistence during therapy. The vast majority of resting (G0)
CD4+ T cells exposed to HIV do not become productively infected [14,15]. Instead, the
virus is inhibited at multiple steps of its replication cycle [16–18], which generally results in
the formation of a non-integrated, linear, cytoplasmic DNA form of the viral genome that is
labile and decays with a half-life of approximately 1 day [19]. However, if the host cell is
stimulated soon after infection, then a portion of this preintegrated virus can complete its
replication cycle, resulting in the production of new virions [14,15,20,21]. Since viral
expression can be rescued by stimulation, this state is sometimes referred to as
preintegration latency. This process may play some role in untreated HIV infection, when a
large number of quiescent cells harbor these short-lived reverse transcripts. Yet, because of
its short half-life, HIV DNA in an unintegrated form is unlikely to contribute to the long-
term persistence of HIV during HAART and, therefore, is not considered a significant
barrier to viral eradication. In some cases, quiescent cells do form complete reverse
transcripts that can integrate into the host cell genome [22,23]. These integrated genomes
could function as viral reservoirs similar to those discussed later.

In contrast to the labile preintegrated viral form, postintegration latency is a much more
stable state where the viral genome is permanently maintained within the host cell
chromosomes [24–26]. Consequently, the postintegration ‘latent reservoir’ of HIV in
HAART-treated patients is a major contributor to long-term virus persistence. This reservoir
consists of a pool of resting CD4+ T cells that harbor functional, integrated HIV proviruses
but do not produce new virions until they are stimulated. The latent reservoir is small,
comprising only around one cell per million resting CD4+ T cells, which translates into a
total of approximately 1 million latently infected cells in the body as a whole [27]. This
reservoir is formed soon after primary infection with HIV [28], and while initiation of
HAART before seroconversion can reduce the frequency of latently infected cells, it does
not prevent establishment of latency altogether [29]. These latently infected cells also decay
very slowly during HAART, with a mean half-life of approximately 44 months [30].
Therefore, even under optimal treatment conditions and in the absence of other reservoirs, it
could take 60 years or more for all latently infected cells to be eliminated using current
therapies. For these reasons, it is believed that without new interventions, the latent reservoir
is probably sufficient to ensure lifelong infection with HIV.
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Establishment of latency
The precise in vivo mechanisms responsible for establishment of HIV latency have not been
completely ascertained. However, the most likely scenarios for this process can be inferred
based on the characteristics of latently infected cells in infected patients and the information
that has been gained from various experimental models. Latent virus is found in resting
CD4+ T cells, primarily within the central memory and transitional memory cell subsets
[27,31]. As discussed earlier, direct infection of G0 T cells does not usually generate
postintegration latency [14,15], and infection of activated CD4+ T cells generally results in a
productive virus infection and death of the host cell within a few days [2,3]. Therefore, the
prevailing view for how most latently infected cells are produced in vivo is that an activated
T cell becomes infected but transitions into a quiescent memory cell before it can be killed
by the virus or components of the immune response. This transition is associated with strong
downregulation of HIV expression, which results in a latent provirus [32,33]. Because
memory cells are by nature very long lived [34,35], the latently infected T cell can persist
for decades before a triggering event – such as an encounter with its cognate antigen – leads
to stimulation of the host cell and concomitant activation of the latent provirus. The in vivo
conditions that facilitate development of latency are not known, but it may be speculated
that a T lymphocyte that is already in the process of transitioning to a memory cell when it is
infected would be most likely to shut down HIV expression quickly enough to survive the
initial infection. It is worth noting that there is currently little evidence supporting the idea
that HIV has evolved specific mechanisms that enable it to establish a latent infection.
Latency may instead be an incidental by-product of the tropism of HIV for activated CD4+ T
cells, which occasionally transition to long-lived memory cells that are incapable of
supporting the latter portions of the virus lifecycle without further stimulation.

More than one mechanism could potentially result in the formation of latency in vivo. For
example, it has been reported that a low frequency of latently infected cells can be generated
in vitro during acute infection of the continually proliferating Jurkat T-cell line with HIV-
based reporter viruses [36]. Spontaneous generation of latency in Jurkat cells has also been
described after infection of these cells with a different lentiviral vector [37]. Infection of
activated and proliferating cells in vivo may therefore allow generation of some level of
latently infected cells without requiring the immediate transition to a resting cell phenotype.

In vitro activation of primary CD4+ T cells for infection by HIV is generally performed by
costimulation with antibodies specific for CD3 and CD28 [38], or using mitogens such as
phytohemagglutinin and/or irradiated allogeneic peripheral blood mononuclear cells [39].
Yet, less powerful stimulatory signals, such as those provided by the cytokines IL-2, -4, -7
and -15, can also allow low-level, productive infection with HIV [40]. It is possible that
resting cells stimulated and infected in this way may be more likely to revert to a quiescent
state, resulting in the creation of a latent provirus. The role of immuno-suppressive
environments in the establishment of latency has also not been fully explored. For example,
extracellular milieus specifically intended to dampen immune responses, such as those
produced by regulatory T cells [41], may also present an environment that either enhances
formation of, or limits activation from, latency.

Another potential mechanism for the establishment of latency occurs during the process of
thymopoiesis [42]. This is possible because immature CD4+CD8+ thymocytes are
transcriptionally and metabolically active enough to support a productive infection by HIV.
However, as these cells differentiate into naive quiescent T cells, they also become
incapable of sustaining efficient HIV expression. Therefore, if a cell is infected at the
CD4+CD8+ stage, it can differentiate into a naive T cell harboring a latent provirus [42].
Although the higher frequency of latent HIV in the memory T cell versus the naive T-cell
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compartment would perhaps argue against a large-scale establishment of latency within the
thymus of infected adults, this process may nevertheless contribute at lower levels to the
latent reservoir, particularly in young children where the thymus is still highly active [43].

Maintenance of latency
Latent proviruses express little mRNA, and the small amount that can be detected is
generally truncated or not effectively exported from the nucleus [32,33,44,45]. A diverse
collection of factors have been identified as playing a role in the maintenance of this proviral
latency. Perhaps the most straightforward explanation for the lack of latent virus expression
is that transcription factors such as NF-κB and nuclear factor of activated T cells (NFAT),
which are required for optimal expression of HIV, cannot access the nucleus in resting T
cells [46–48].

The majority of proviruses within resting T cells in HAART-treated patients are integrated
in sites within actively transcribed genes [49]. This integration site preference is common
during HIV infection [50], but in the context of reduced viral transcription in quiescent cells,
it may lead to a phenomenon known as transcriptional interference. This is a state where
transcripts initiating outside of the integration site but reading through the HIV genome
could displace the transcription machinery assembled at the HIV promoter, thereby
disrupting virus expression [51,52]. Yet another mechanism that can influence latency
involves post-transcriptional regulation by cellular miRNAs [53]. A collection of these
miRNAs that are enriched in resting versus activated CD4+ T cells are capable of inhibiting
translation of viral proteins by targeting the 3′ end of HIV mRNA. Therefore, post-
transcriptional mechanisms may account for a subset of the latent virus, although it is not yet
clear whether these mechanisms are sufficient to maintain latency over an extended period
of time.

Active inhibition of transcription via epigenetic mechanisms may also be involved in
latency. An example of this is DNA methylation, which is a mechanism of transcriptional
silencing that is common in adult somatic tissues [54]. Cytosine–phosphate–guanine DNA
dinucleotide (CpG) methylation has long been known to be capable of silencing retroviral
long terminal repeat (LTR) promoters [55,56], and there is evidence that methylation may be
important for maintenance of latency in HIV infection [57]. There has also been significant
interest in the possible role of histone deacetylases (HDACs) in the regulation of HIV
latency. When integrated into a host cell chromosome, HIV DNA is wrapped around histone
octamers that form nucleosomes [58,59]. Two of these nucleosomes are positioned at
specific locations within the HIV promoter, and their acetlyation status can significantly
influence HIV transcription. In general, acetlyation of lysine residues in histone tails can
enhance transcriptional activity, whereas hypoacetylation is associated with the repression of
gene expression [60]. Recruitment of HDACs to the HIV LTR has been documented in a
process that can be mediated by several different factors, including Ying-Yang-1 (YY1) +
late simian virus 40 factor (LSF), NF-κB p50 homodimers, cellular-Myc (c-Myc) + Sp1, C-
promoter binding factor-1 (CBF-1) or COUP-TF interacting protein 2 (CTIP2) [61–66].
Moreover, the use of HDAC inhibitors such as valproic acid, sodium butyrate and
trichostatin A can lead to transcriptional activation of latent HIV from T cells isolated from
infected subjects. Thus, histone acetylation status can also influence HIV latency in some
cases, and there has been substantial interest in exploiting this knowledge to develop
methods for antagonizing latency.

The broad message from these and other studies is that regulation of HIV latency is complex
and may be the result of several different mechanisms acting in concert to powerfully
suppress HIV production in latently infected cells. It is unlikely that one therapeutic

Marsden and Zack Page 4

Future Virol. Author manuscript; available in PMC 2011 February 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



approach will be sufficient to counteract all of these different mechanisms. Hence, there is a
pressing need for more research into which of these latency mechanisms are primarily
responsible and, thus, merit the most attention when attempting to develop therapeutics.

Experimental models for HIV latency
The study of latently infected cells obtained from patients has produced valuable
information regarding this reservoir, but there are important limitations on the use of these
primary cells that can restrict their experimental utility. Latently infected cells do not
possess any distinctive cell surface or other characteristics that would permit their easy
isolation from corresponding uninfected cells. These cells are also present in very low
numbers, and laborious culture conditions are required to even identify them [27]. For
example, to perform accurate quantification experiments many millions of highly purified
resting CD4+ T cells must be obtained from HAART-treated patients with a history of
consistently suppressed viral loads. These cells must then be stimulated in a limiting dilution
format and cocultured with activated susceptible target cells for weeks before quantification
of viral production [27].

Another confounding issue for molecular analysis of latent proviruses is that less than 1% of
the total integrated HIV DNA in resting CD4+ T cells represents replication-competent virus
[27]. The more abundant defective proviruses may have become inactivated prior to
integration by incorporation of reverse transcriptase errors [67] or by APOBEC3G-mediated
hypermutation [68]. Integration into regions of the host cell chromosomes that preclude
virus expression or permanent silencing of the integrated provirus by epigenetic changes
may also account for a fraction of the nonproductive genomes. Owing to their lack of
cytopathicity, defective proviruses are more likely to persist for the natural lifespan of the
host cell and, therefore, become enriched in the resting memory cell population.

A further limitation of patient cells is that their rarity coupled with the laborious coculture
techniques required to identify them limits their use in drug-discovery procedures, such as
high-throughput screening [69], which may help identify compounds capable of activating
latent virus. Moreover, the HIV genome present in patient samples is predetermined by the
particular strain of virus that originally infected the patient. This precludes genetic
modification of the virus when investigating the contribution of specific regions of the viral
genome, such as transcription factor binding sites or viral accessory genes, in the process of
latency activation. Together, these limitations have provided a strong impetus for the
development of relevant models of HIV latency that are more tractable than primary cells
from patients. While no currently available model completely recapitulates all aspects of
HIV latency in patient cells, a substantial amount of useful information has been gained
from their use.

Cell line models, such as the promonocytic U1 cell line [70] and ACH2 T-cell line [71],
were a focus of early research into the molecular basis for HIV latency [72]. These cells
were created by infecting cultures with HIV in vitro and selecting clones that only express a
high level of virus after stimulation. They have been used to investigate a number of
questions including the potential role of post-transcriptional blocks in inhibition of latent
virus expression [72], gene-expression profiles associated with cells harboring latent or
recently reactivated HIV [73], and the relative kinetics of acute HIV infection versus
activation from latency [74]. However, the main reason for the latent phenotype in these
cells is a disrupted Tat/trans-activator response region (TAR) axis [75,76], which does not
appear to be the prevailing mechanism for latency generation in vivo.

More recently developed cell line models utilizing reporter viruses have also provided useful
insights into the processes involved in latency. The J-Lat model is based on infection of the
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transformed Jurkat T-cell line [36], and provides an elegant system for investigating latency
that is regulated at the transcriptional level. These cells harbor a near full-length HIV
genome that encodes a green fluorescent protein, which is expressed upon activation of the
latent virus and greatly facilitates detection of reactivation events. Another latency model
based on Jurkat cells infected with a genome consisting of only the LTRs, a Tat-coding
sequence and a reporter gene was used to show that because of the powerful positive
transcriptional feedback loop initiated by HIV Tat, stochastic fluctuations of Tat protein
levels were sufficient to generate active or latent virus expression states in these cells [77].

Our group has utilized the severe-combined immunodeficient human (SCID-hu) thymus/
liver mouse system as a model for the generation of HIV latency during thymopoiesis
[78,79]. This model involves implanting human fetal liver and thymus tissue under the
kidney capsule of a mouse with severe-combined immunodeficiency. The resulting conjoint
organ provides an environment for maturation of human thymocytes, allowing production of
phenotypically and functionally normal human T cells for longer than 1 year. Importantly,
this implant is also susceptible to infection with HIV, providing an in vivo environment that
is suitable for studying HIV replication and pathogenesis [80–82]. If mature CD4 single-
positive thymocytes are obtained from an HIV-infected SCID-hu implant and sorted to
remove productively infected cells, then the resultant cell population produces little HIV
[42]. However, many of these cells harbor integrated proviruses and are capable of
producing virus if stimulated. This model was used to show that latently infected cells
appear phenotypically normal compared with their uninfected counterparts [83], produce
very little HIV RNA [84], but can be stimulated with molecules such as the cytokine IL-7,
or with the non-tumor-promoting phorbol ester prostratin, without causing the profound
changes in T-cell phenotype associated with costimulation [85,86]. The model was also used
to identify signaling pathways that activate HIV from latency most effectively [86,87], and
to show that targeted toxins specific for the HIV envelope protein can be used in conjunction
with stimulants to enhance the killing of recently activated latently infected cells [84]. An in
vitro primary cell latency model based on similar thymocyte differentiation principles has
also been developed [88], and was used to show that the majority of virus reactivation
following costimulation was eliminated following mutation of the NF-κB binding sites in
the HIV promoter. Thus, these elements are necessary for the optimal activation of HIV
from latency in this model, which suggests that agents that activate via NF-κB might be
useful activating agents.

Another primary cell model for HIV latency has recently been described [89]. This is a
versatile system where naive T cells are first isolated from uninfected donors, and then
stimulated in vitro under conditions that push them to become memory cells with either an
unpolarized, T-helper 1 or 2 phenotype. After 1 week of stimulation, the cells are infected
with a replication-defective (Env-deficient) HIV virus. Productively infected cells are killed
by the virus, but a substantial number of the surviving memory cells harbor latent
proviruses. Stimulation of these cells in the presence of signaling agonists or antagonists,
and the use of LTR mutants, was used to demonstrate that Lck and NFAT, but not NF-κB,
are required for optimal latency reactivation in this system. This model was also used in
conjunction with J-Lat cells to show that cytosine methylation influences HIV latency and,
in particular, that methyl-CpG binding domain protein 2 can participate in regulation of this
process [90].

These and other models have provided a wealth of information on how HIV latency may be
regulated and important clues as to how latently infected cells could be eliminated [91,92].
However none of the model systems is perfect and, wherever possible, it is important to
verify information gained from these experiments with latently infected cells obtained from
HAART-treated patients.
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Depleting the latent reservoir
Previous attempts to reduce the frequency of latently infected cells in patients undergoing
HAART have often involved immune-activation therapy approaches. The rationale for this
is that if resting latently infected T cells can be activated in vivo, then this will result in HIV
expression and death of the host cell from viral cytopathic effects or immune effector
mechanisms. Meanwhile, the continued presence of antiretroviral drugs would prevent
spread of the newly produced virus to uninfected cells. One such approach involved the use
of IL-2, either alone [93] or in conjunction with an agonistic anti-CD3 monoclonal antibody
(OKT3) [94]. While high doses of OKT3 induced quite serious side effects [94], the IL-2
therapy significantly reduced latently infected cell numbers but failed to prevent viral
rebound when HAART was withdrawn [13,93,95].

Induction of generalized immune activation is undesirable in purging strategies because it
leads to toxicity in patients (sometimes referred to as a ‘cytokine storm’) and produces an
abundance of activated target cells for the newly induced virus to spread to, which may not
be adequately contained by regular HAART. The former problem may be avoided by
identifying molecules that are capable of activating the latent provirus without strongly
stimulating either the host cell or uninfected bystander cells. The latter potential issue of
virus spread from newly activated cells may be partially offset by intensification of HAART
during the treatment period. With these ideas in mind, the HDAC inhibitor valproic acid
(VPA) has also been tested for its capacity to deplete latently infected cells. VPA was
administered either alone in the context of HAART [96], or in combination with HAART
intensification using the fusion inhibitor enfuvirtide [97]. Again, some reduction in the
frequency of latently infected cells was observed in these studies, particularly when
combined with intensification of antiviral therapy, but detectable levels of latently infected
cells remained. VPA treatment alone also did not appear to affect decay of the latent
reservoir in another study of HAART-treated patients who were taking VPA therapy for
neurological or psychiatric conditions [98], suggesting that the utility of VPA when used as
a lone activating agent in purging strategies may be limited. High-dose intravenous
immunoglobulin treatment has also been tested in a proof-of-concept study attempting
depletion of latently infected cells in HAART-treated patients [99]. This resulted in a
median 68% decrease in the latent pool of cells. The precise mechanisms for latency
activation with this therapy are not clear, but may involve ligation of Fc receptors and
subsequent cytokine production by multiple immune cell types.

Further attempts at purging persistent reservoirs in the context of various HAART regimens
have been made where latently infected cells were not directly measured, but other
indicators of viral replication, such as plasma viral loads and proviral DNA quantification,
were used to assess the impact of treatment. Examples of these include studies using IL-2
[100], IL-2 + OKT3 [94,101,102], IL-2 + IFN-γ [103] and cyclophosphamide [104]. These
treatments had varying impacts on levels of HIV DNA or RNA, but none led to eradication
of the infection.

The pioneering clinical studies outlined earlier have demonstrated that latent reservoirs of
HIV can be reduced by therapeutic means. However, previously tested approaches are not
capable of eliminating the infection completely or preventing viral rebound if therapy is
stopped. Therefore, more basic research is required in order to develop effective strategies
for eliminating the in vivo reservoirs of HIV in HAART-treated patients.

Of the molecules that have proven effective at activating latent HIV in vitro, a few stand out
as strong candidates for further development with the potential for use as a therapeutic. One
such molecule is the non-tumor-promoting phorbol ester prostratin [105]. This is a molecule
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originally isolated from the Samoan plant Homalanthus nutans, extracts of which are
traditionally used to treat viral diseases. Prostratin shows promise for a number of reasons.
First, it is capable of activating latent HIV via a PKC/NF-κB pathway [106,107]. Second, it
can do so without inducing strong stimulation and proliferation in resting T cells [86]. Third,
it also downregulates the HIV receptors CD4, CXCR4 and CCR5 and, therefore, might help
prevent virus spread from newly activated latent virus [106]. A positive development in this
area is the report that prostratin and its derivatives can be chemically synthesized and
potentially ‘tuned for performance’ [108]. This opens the possibility of designing new
compounds based on prostratin that are more effective than the parent molecule at
specifically and efficiently activating latent virus.

IL-7 has also received interest for its ability to activate latent HIV without undue stimulation
of the host cell [85], and may potentially be useful in the context of a broader purging
strategy. Similarly, further work on HDAC inhibitors will improve our understanding of that
particular mechanism for latency, and may help with development of targeted, more potent
drugs that only inhibit those HDACs that play a role in HIV latency. Work on alternative
HDAC inhibitors for use in this context is ongoing. For example, suberoylanilide
hydroxamic acid has also been identified as being capable of activating latent virus in a
model system [109]. Other mechanisms of latency activation should also be explored. One
example of this is hexamethylbisacetamide, which is capable of activating latent HIV by
interacting with Sp1 and inducing CDK9 recruitment to the HIV promoter, leading to
phosphorylation of the C-terminal domain of RNA polymerase II in a Tat-independent
manner [110,111].

While developing effective activators of latent virus is a central research focus, there is also
some interest in methods that could improve the killing of latently infected cells after the
virus is activated. Anti-HIV envelope immunotoxins have the potential to do precisely this.
Immunotoxins are hybrid molecules consisting of a targeting domain (often derived from a
monoclonal antibody) linked to a toxic moiety [112,113]. Several immunotoxins specific for
the Env protein of HIV have been developed [114–116], which are capable of killing cells
productively infected with HIV. An early anti-HIV targeted toxin was tested in Phase 1
clinical trials in the pre-HAART era, but did not show any in vivo antiviral effects
[117,118]. However, enhanced anti-HIV immunotoxins have now been developed, and if
these were to be used in the context of HAART in conjunction with agents that activate
latent virus, then they may prove to be more effective. In support of this idea, one such
immunotoxin successfully enhanced killing of latently infected cells ex vivo when used in
combination with latency activators [84]. An illustration outlining the activation–elimination
approach to depleting the latent HIV reservoir is provided in Figure 1.

Alternative sources of persistent virus
In addition to viral latency, other sources of HIV can also persist during HAART. Even in
patients who respond well to therapy and have successfully suppressed viral loads for years,
low levels of HIV virions can often be detected in the plasma using highly sensitive methods
[119–121]. This virus is apparently not entirely derived from activation of latently infected
CD4+ T cells, and a portion of it may instead be released from rare productively infected
cells [122,123]. If some low-level replication does occur during HAART, then
intensification of current HAART regimens or their complementation with newly available
antiretroviral drugs may be necessary to fully suppress virus spread.

In some patients, a significant proportion of the residual viremia appears to originate in
another, less well-defined reservoir with the capacity to produce a genetically homogeneous
population of virus over the course of years [124]. This has been speculated to be derived
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from the rare infection of a monocyte–macrophage lineage stem cell. Hence, complete
eradication of HIV from an infected individual may require identification and elimination of
virus in several distinct locations with very different characteristics.

The potential role of other infected cell types, such as macrophages, in long-term HIV
persistence is unclear. Macrophages are more resistant to the cytopathic effects of HIV than
activated T cells, and can survive for weeks or months after their infection [125,126].
Macrophages and microglial cells are also the principal infected cell types in the CNS [127],
which can be an anatomical reservoir with limited access to some antiretroviral drugs.
Combinations of molecules suggested for use in targeting the latency reservoir, such as
prostratin and anti-Env immunotoxins, can also be effective against HIV-infected
macrophages [128]. Hence, there is the potential for overlap between purging strategies
directed towards the latent reservoir and treatment intended to target other HIV-infected cell
types.

Conclusion
HIV persistence during HAART is an exceptionally challenging problem compounded by
the presence of multiple reservoirs of replication-competent virus. Postintegration latency is
perhaps the most clearly understood barrier to HIV eradication, and this latent reservoir is
probably sufficient to ensure lifelong infection unless new therapeutics are developed that
are capable of depleting it. Numerous mechanisms acting in concert may be responsible for
preventing virus expression in latently infected cells. These can be relieved by overt
stimulation of the host cell [27], or by using molecules that activate the virus more
specifically, without necessarily inducing host cell stimulation and proliferation
[85,106,129]. It is encouraging that in spite of the multiple mechanisms governing latency, a
variety of factors acting through different pathways can activate a significant proportion of
latent virus. This indicates that relieving one block may be sufficient to overcome other
potential barriers to virus expression that are also in place in resting CD4+ T cells.
Ultimately, a combinatorial approach involving several different therapeutic agents may
prove most effective in activation and elimination of latently infected cells.

Future perspective
In any area of scientific endeavor, it is difficult to predict what advances will be made in the
future. This is particularly true of HIV persistence and latency, in part because it is unclear
how many distinct underlying sources of replication-competent virus are present in
HAART-treated patients. If the larger repositories of virus can be eliminated, such as the
latent reservoir in resting CD4+ T cells, then other sources may become easier to identify
and investigate. Most researchers in the field believe that more than one approach will
probably be necessary if HIV is to be eradicated from infected patients. This may end up
taking the form of antiretroviral drugs that prevent virus spread in conjunction with several
different compounds that activate latent virus. Potentially, HIV-specific immunotoxins or
other cytotoxic molecules could be utilized alongside these purging regimens to target cells
harboring the newly produced virus and also clear any remaining chronically infected cells.

If effective means of depleting these reservoirs are not found, then the continued use of
antiretroviral drugs may allow the virus to be indefinitely contained. Ideally, future
improvements in antiretroviral drug development would provide cheaper, more effective,
less toxic agents that can be taken on an infrequent basis. Gene-therapy approaches also
offer exciting opportunities for preventing virus spread. For example stem cells can be
engineered to express genes that inhibit HIV infection or viral gene expression, with the goal
of repopulating a patient’s immune system with CD4+ cells that are not susceptible to HIV
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infection [130–134]. This type of approach may ultimately be effective against all of the
sources of replication-competent HIV in HAART-treated patients because it could deprive
the virus of susceptible host cells, thereby preventing virus expansion from these cryptic
sources. While this may not be a complete cure for HIV infection, it may represent an
acceptable outcome until one can be found.
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Figure 1. Potential methods for the activation of latent virus and subsequent killing of infected
cells
A wide range of molecules are capable of inducing expression of HIV from a latent
provirus. Some of these (such as anti-CD3+ anti-CD28 costimulation) lead to powerful
activation of both the host cell and the latent provirus, whereas others (e.g., treatment with
prostratin or IL-7) can activate latent HIV expression without inducing significant
stimulation and proliferation of the host cell. After stimulation, the latent provirus continues
with the latter part of the virus lifecycle, resulting in expression of viral proteins and
production of new virions. Once it has begun expressing viral proteins, the host cell is
susceptible to viral cytopathic effects and immune effector mechanisms (such as killing by
cytotoxic T cells). Anti-HIV Env immunotoxins can specifically bind to and kill cells
expressing HIV Env proteins; therefore, they may prove useful in purging strategies in
conjunction with latency activators. Throughout this process, virus spread is prevented by
the presence of HAART. HDAC: Histone deacetylase.

Marsden and Zack Page 18

Future Virol. Author manuscript; available in PMC 2011 February 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


