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Abstract
Highly active antiretroviral therapy (HAART) suppresses HIV-1 replication, transforming the
outlook for infected patients. However, reservoirs of replication-competent forms of the virus
persist during HAART, and when treatment is stopped, high rates of HIV-1 replication return.
Recent insights into HIV-1 latency, as well as a report that HIV-1 infection was eradicated in one
individual, have renewed interest in finding a cure for HIV-1 infection. Strategies for HIV-1
eradication include gene therapy and hematopoietic stem cell transplantation, stimulating host
immunity to control HIV-1 replication, and targeting latent HIV-1 in resting memory CD4+ T
cells. Future efforts should aim to provide better understanding of how to reconstitute the CD4+ T
cell compartment with genetically engineered cells, exert immune control over HIV-1 replication,
and identify and eliminate all viral reservoirs.
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Renewed optimism for a cure
The past thirty years have witnessed remarkable advances in the struggle against HIV-1.
Three key developments have renewed optimism that a cure may be possible. The first
breakthrough came with the introduction of highly active antiretroviral therapy (HAART),
which transformed HIV-1 infection from a death sentence into a manageable chronic illness.
Ongoing refinements to HAART limit side effects and improve adherence, but high rates of
HIV-1 replication return when HAART is interrupted. Although lifelong suppression of
HIV-1 replication with HAART should be possible in adherent patients, the problems of
access, cost, side effects, stigma, and the danger of resistance with non-adherence all
contribute to the necessity of finding a cure. The second breakthrough involved the
discovery of a long-lived latent reservoir for HIV-1 in resting CD4+ T cells that allows viral
persistence despite HAART. This reservoir is widely recognized as a major obstacle to
curing the infection [1–5]. Progress in delineating the mechanisms that contribute to HIV-1
latency (reviewed in [6, 7]) and in developing in vitro models (reviewed in [8]) and animal
models [9, 10] of latency have allowed the design and testing of therapies that target the
latent reservoir. The most recent breakthrough came unexpectedly in 2009 with the report of
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the possible cure of an HIV-1-infected patient who was treated for leukemia with a
myeloablative regimen and a hematopoietic stem cell transplant (HSCT) from a donor with
genetic resistance to HIV-1 [11].

The best approach to finding a cure is unclear. Latently infected cells are rare and difficult to
target, and there may be additional reservoirs for the virus in other cell types. Thus the
specific elimination of viral reservoirs, which is currently the most widely discussed
approach, will be extremely challenging. Therefore, there has been interest in other
approaches. One involves stimulating the immune response so that it can control viral
replication in the absence of HAART to such a low level that immunodeficiency does not
develop and transmission is blocked. In addition, the successful cure of a single patient by
HSCT has stimulated research into other approaches for replacing the hematopoietic
compartment with cells resistant to HIV-1 infection.

Two forms of cure for HIV-1 infection have been defined. A sterilizing cure is one in which
the virus is completely eradicated, whereas a functional cure is the control of HIV-1
replication in the absence of HAART [12]. Here we discuss strategies for HIV-1
elimination, targeted therapies to eliminate HIV-1 in CD4 T cells and gene therapy
approaches with or without HSCT. We also discuss data from studies of elite suppressor
(ES), patients who control HIV-1 replication without treatment thus representing a naturally
occurring functional cure.

Latent reservoirs and residual viremia: keys to a cure
Untreated HIV-1 infection is characterized by continuous viral replication which drives
CD4+ T cell loss and predicts disease progression [13]. Initial treatment efforts focused on
nucleoside analogue reverse transcriptase inhibitors (NRTIs), which failed to control viral
replication. HAART, first described in 1997, was made possible by the introduction two
new classes of antiretroviral drugs, protease inhibitors (PIs) and non-nucleoside reverse
transcriptase inhibitors (NNRTIs). Three drug combinations consisting of one of these drugs
plus two NRTIs were able to reduce levels of HIV-1 below the limit of detection of clinical
assays (50 copies of HIV-1 RNA/mL of plasma). As all of the drugs used in HAART
regimens block new infection of susceptible cells, the fall in plasma HIV-1 RNA levels
reveals the decay rates of various populations of virus-producing cells infected prior to the
initiation of therapy [14, 15]. Analysis of viral decay kinetics [16] demonstrated a biphasic
reduction in plasma HIV-1 after initiation of HAART (Figure 1). The first phase is rapid
since most of the plasma virus is produced by activated CD4+ T cells which have a half-life
of less than a day in the productively infected state [17]. The second phase reflects virus
production by another population of infected cells with a half-life of 1–4 weeks. The cells
responsible for this phase have not yet been definitively identified (18). Initial predictions
that HAART could eradicate HIV-1 infection in treated individuals in 2–3 years were based
on extrapolation of this second phase [16].

The discovery of HIV-1 latency proved these predictions incorrect. Latency is defined as a
silent or non-productive state of infection of individual cells that can be reversed. As early
as 1995, it was shown that stably integrated but latent HIV-1 genomes were present in
resting memory CD4+ T cells in vivo [1]. Resting CD4+ T cells are not readily infected by
HIV-1, and thus one hypothesis about the origin of this latent reservoir is that occasionally
activated CD4+ T cells, the major target cells for HIV-1 in vivo, become infected as they are
transitioning back to a resting state that is non-permissive for virus gene expression.
Evidence for this hypothesis comes from the finding that latent HIV-1 genomes are found in
resting memory CD4+ T cells but not naïve CD4+ T cells [2]. Direct infection of resting
memory CD4+ T cells may also occur [17]. The extremely long half-life of memory T cell

Durand et al. Page 2

Trends Immunol. Author manuscript; available in PMC 2014 March 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



populations provides a mechanism for HIV-1 persistence. Further studies showed that
latently infected resting CD4+ T cells were present in all patients on HAART [3–5] and that
after cellular activation, these cells could enter a state of productive infection. Despite
ongoing effective therapy, the frequency of these HIV-1-infected memory cells remained
constant over time [18, 19]. The process of homeostatic proliferation that maintains the pool
of memory T cells appears to contribute to the stability of the latent reservoir [20].

In addition to latent HIV-1 in resting CD4+ T cells, trace amounts free virus can be detected
in the plasma of nearly all patients on HAART using sensitive “single-copy” assays for
HIV-1 RNA [21, 22]. The most likely source of this residual viremia is the release of HIV-1
from cells infected prior to initiation of HAART rather than ongoing HIV-1 replication.
Several lines of evidence support this claim. First, extensive clinical experience has shown
that adherent patients who maintain plasma viral loads less than 50 copies/mL do not
develop resistance to antiretroviral drugs. Second, studies which evaluated the addition of
potent antiretroviral drugs to the regimens of patients on standard HAART, often referred to
as “intensification studies,” did not find any further decrease in the amount of residual
viremia (Figure 1) [23–25]. Third, phylogenetic studies of residual plasma HIV-1 show no
sequence evolution in patients on effective HAART even during transient “blips” in viremia
between 50–200 copies/mL [26–28]. Despite this evidence, debate regarding ongoing HIV-1
replication continues. Some experts believe that persistent T cell activation and the detection
of cell-associated 2 LTR circles (a proposed marker of recent infection) provide evidence
that active HIV-1 replication continues despite HAART [29,30]. The significance of these
indirect measures is controversial, and conflicting reports exist [31].

Resting CD4+ T cells are considered one source of residual viremia. Phylogenetic studies
show that in some cases, residual plasma HIV-1 sequences are identical to HIV-1 sequences
in resting CD4+ T cells [32, 33]. However, in about half of patients, residual viremia is
dominated by invariant HIV-1 clones that persist over time. These predominant plasma
clones are rarely found in circulating resting CD4+ T cells [33–36]. This phenomenon has
suggested the existence of a second reservoir for HIV-1, in a cell-type capable of
proliferating after infection. Cellular proliferation allows viral genomes to be distributed
without error into progeny cells. Hematopoietic progenitor cells (HPCs) have been proposed
as a second reservoir. A recent study suggested HIV-1 could establish latent infection in
HPCs [37]. However, the purity of HPCs in this analysis ranged from 30–90%, and new
studies of HPCs in patients on HAART which exclude contaminating lymphocytes have not
confirmed latent infection of HPCs [38, 39]. There is clear evidence for infection of tissue
macrophages [17], but whether infected macrophages or related cells such microglial cells in
the central nervous system can persist on a time scale of years in patients on optimal
HAART is not yet clear. In any event, determining the source of these persistent oligoclonal
HIV-1 populations is critical to eradication strategies. If the predominant plasma clones are
produced by a different cell type, additional interventions may be required because current
eradication strategies focus on latently infected CD4+ T cells as the primary barrier to HIV-1
eradication.

Gene therapy and hematopoietic stem cell transplantation: recapitulating
the Berlin patient

Gene therapy was first proposed as a treatment for HIV-1 infection in 1988 when David
Baltimore coined the term “intracellular immunization” [40]. Broadly speaking, gene
therapy involves genetically manipulating cells (most commonly HPCs or T cells) to
produce an anti-HIV-1 effect. Multiple approaches exist, including transplanting HIV-1-
resistant cells, modifying cells to interfere with HIV-1 production, and potentiating immune
responses to HIV-1. An expanding array of tools is available including RNA-based
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strategies (ribozymes, antisense RNA, small-interfering RNA) or protein-based strategies
such as zinc-finger nucleases (ZFNs) (reviewed in [41]). Recently published clinical trials of
gene therapy in HIV-1-infected adults will be discussed here and are summarized in Table 1.

After the discovery that the chemokine receptor CCR5 was the major co-receptor for HIV-1
[42–46], it was found that a 32 base-pair deletion in at least one copy of this gene naturally
occurs in 5–15% of Europeans [47]. Individuals homozygous for this CCR5Δ32 mutation
are resistant to acquiring HIV-1 infection because their cells lack surface CCR5 [48, 49].
Heterozygotes may become infected but demonstrate delayed disease progression [50, 51].
Knowledge of a natural form of resistance to HIV-1 infection gave rise to hopes that gene
therapy aimed at CCR5 might constitute effective treatment for HIV-1 infection. However,
progress on this front has been modest over the past 15 years due to the technical challenges
of gene therapy.

A type of targeted gene therapy in the form of hematopoietic stem cell transplantation
(HSCT) has achieved historic results in one patient. In 2007, an HIV-1-infected patient with
acute myelogenous leukemia was treated with chemotherapy, total body irradiation, and
HSCT from a donor who was homozygous for CCR5Δ32 [11]. This patient, who has since
become known as the "Berlin patient," stopped HAART the day prior to transplant and over
five years later has not had a rebound in viremia or other indications of ongoing viral
replication [52]. This unique case has renewed hope that replacement of recipient cells with
donor cells or engineered cells that lack CCR5 expression may be curative. However, some
aspects of this case may not be explained by the CCR5 deletion alone (Table 1). After
stopping HAART at the time of HSCT, the patient had no rebound of HIV-1 viremia despite
the fact that host-derived, CCR5-expresssing myeloid cells remained detectable for months.
In addition, based on sequencing of the HIV-1 envelope gene prior to HSCT, the patient’s
viral quasispecies included a small percentage of HIV-1 variants predicted to use the
chemokine receptor CXCR4 for cellular entry. After HSCT, in vitro studies demonstrated
that the donor-derived cells were susceptible to infection by X4 virus, but X4 variants have
not emerged in vivo [53]. Further studies of HIV-1-infected patients undergoing cytotoxic
chemotherapy and HSCT may clarify whether the myeloablative regimen or graft-versus-
host (GVH) effects contributed to cure in this unique case.

Cellular engineering strategies presumably carry less risk than treatment with cytotoxic
therapy and HSCT. However, they have met with more limited success. The largest human
study to date was a randomized trial which included 74 patients. HPCs from participants in
the treatment arm were transduced ex vivo with OZ1, a retroviral vector carrying a gene for
a ribozyme targeting viral RNA encoding the proteins Tat and Vpr. HAART was interrupted
to provide selective pressure for survival of the modified cells [54]. The trial demonstrated
the safety and feasibility of this gene transfer approach; however, there was no significant
difference between groups in the primary endpoint, mean plasma HIV-1 RNA levels eight
weeks after a second treatment interruption. The lack of efficacy may have been due to the
transient nature and low levels of engraftment of the modified cells. A significant problem
with the strategy of introducing cells engineered to resist HIV-1 infection is how to
eliminate all of the infected cells that persist in the patient. Neither the ablative therapy and
GVH effects used in the Berlin patient nor the use of uncontrolled HIV-1 replication to
select for HIV-1-resistant cells represent attractive approaches for general use.

HIV-1-infected patients with hematologic malignancy provide a unique opportunity to study
gene therapy. Lymphoma treatments often include cytotoxic chemotherapy followed by
autologous HSCT. Diguisto et al. combined the cellular engineering and HSCT approaches
in a study involving patients with lymphoma. Following harvest and before reinfusion,
autologous stem cells may be manipulated and engineered ex vivo. In this small study of
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four patients, HPCs were transfected with a vector that delivers a ribozyme targeting the
CCR5 coreceptor, a short-interfering RNA targeting expression of the HIV-1 proteins Tat
and Rev, and an RNA decoy to Tat. In addition to safety and feasibility, this trial
demonstrated long-lived engraftment and multi-lineage hematopoiesis of vector-expressing
cells but again engraftment was low (< 0.2% of cells). There was no HAART interruption by
trial design, and effects on HIV-1 disease could not be assessed [55].

An approach that has generated substantial excitement in the field is the use of zinc finger
nucleases (ZFN) or similar engineered, sequence-specific nucleases to produce HIV-1-
resistant cells. ZFNs are engineered proteins that contain two domains: a zinc finger domain
with arrays of zinc fingers that each target three or four base pairs of DNA and an
endonuclease domain which, when dimerized, makes a double-stranded cut in the target
DNA that can be subsequently repaired with non-homologous end joining. This error-prone
cellular DNA repair mechanism frequently introduces mutations that render the targeted
gene product non-functional. ZFNs have been designed to disrupt expression of CCR5 and
CXCR4; they can be delivered by adenoviral or retroviral vectors or with non-vector
methods such as nucleofection. Disruption of CCR5 in CD4+ T cells [56] and HPCs [57] has
been shown to result in lower HIV-1 viral loads and higher levels of CD4+ T cells in
humanized mouse models of HIV-1 infection. Currently, a clinical trial of this approach is
being conducted in persons with HIV-1 infection. In this study, large numbers of CD4+ T
cells are collected by pheresis. A CCR5-specific ZFN is delivered to these cells ex vivo with
an adenovirus vector, and the genetically-modified cells are re-infused into the individual
[58]. A potential limitation of this strategy is that the CCR5-specific ZFN does not directly
eliminate latently infected cells. To address this issue, some of the trials combine the gene
therapy approach with an intentional HAART interruption; in theory, this would lead to
active HIV-1 replication during which genetically modified cells will preferentially survive
and proliferate. However, this strategy exposes individuals to the morbidity and mortality
risks associated with HAART interruption [59].

Elite suppressors: models for a functional cure
Elite suppressors (ES) are HIV-1-infected patients who maintain viral loads below the limit
of detection of commercial assays without HAART (reviewed in [60]). HIV-1 proviral DNA
can be amplified from the CD4+ T cells of virtually all ES [61–65], and more importantly,
replication-competent virus can be cultured from these cells in many ES [66–68]. While
infection with attenuated virus can lead to ES status in some patients [69], it is unlikely that
all ES are infected with defective virus. Full genome sequence analysis of replication-
competent virus from ES has generally not revealed large deletions or signature inactivating
mutations [66, 70], and phenotypic analyses have suggested that some isolates can replicate
as efficiently in vitro as reference isolates [66, 70]. Studies of trace levels of free virus in the
plasma of ES have provided evidence for evolution, suggesting that there is ongoing viral
replication in vivo [71–73]. Furthermore, transmission of virus from patients with
progressive disease to patients who became ES has been documented [74, 75]. Therefore it
appears that in some cases, fully replication-competent virus can be controlled by host
elements. Thus, ES may be viewed as models of functional cure. They have not completely
eradicated the virus, but they are able to effectively control viral replication in the absence
of treatment.

Functional cures will probably be easier to achieve than complete eradication. In fact several
studies have shown that early treatment with HAART can lead to the subsequent control of
HIV-1 replication in some patients [76–79]. While the vast majority of these patients
eventually develop breakthrough viremia [80], these studies serve as an important proof of
concept. Early control of viral replication may be critical; ES have low peak viral loads
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during primary infection and usually achieve undetectable viral loads within a few months
of seroconversion [81–83]. This may explain the low frequency of latently infected cells
seen in these patients [66]. Early control of viral replication may also serve to preserve an
effective HIV-1-specific immune response that could potentially be boosted through
therapeutic vaccination.

The mechanisms involved in elite control are not fully understood, but many studies have
shown that certain class I HLA alleles such as HLA-B*27, B*57 and B*5801 are associated
with elite control [84–86]. These protective HLA alleles are thought to present conserved
immunodominant epitopes leading to effective cytotoxic T lymphocyte (CTL) responses
[87–90]. The question then becomes whether it will be possible to induce CTL responses to
conserved epitopes in patients who lack the protective HLA alleles? This would require the
design of vaccines that elicit CTL responses to critical immunodominant epitopes that can
be presented by many different HLA alleles. Of note, not all ES have these protective HLA
alleles or readily measurable CTL responses [91, 92], and identifying the mechanisms of
control in these patients may also inform vaccine design. Because of the immunosuppressive
effects of unchecked viral replication [87, 89, 90], it is likely that therapeutic vaccine
strategies would be employed in patients who already have suppression of viremia on
HAART, with an eventual interruption of HAART once HIV-1-specific CTL responses have
been enhanced (Figure 2). If therapeutic vaccination allows control of viral replication to
below 50 copies/mL after HAART is stopped, then a functional cure can be achieved,
because at this level of viremia, immunosuppression is reversed and transmission is
unlikely.

Can the immune response be used to eradicate the latent reservoir? This seems unlikely if
latently infected cells are not actively making viral proteins. Interestingly, in ES with
protective HLA alleles, HIV-1 clones amplified from resting CD4+ T cells do not contain
escape mutations in immunodominant epitopes [62, 93]. These cells should therefore be
susceptible to CTL if they are activated and begin to express viral genes. As is discussed
below, strategies that incorporate therapeutic vaccination with the selective activation of
latently infected cells could theoretically lead to complete eradication of the virus.

Targeting latently-infected CD4+ T cells
The most widely discussed approach to eradicating HIV-1 involves reactivating latent
HIV-1 genomes in resting CD4+ T cells. Early studies demonstrated that the use of global T
cell activators to upregulate HIV-1 gene expression induced substantial toxicity and was
ineffective (reviewed in [94]). Newer approaches seek to reactivate HIV-1 gene expression
more specifically by targeting particular mechanisms of latency rather than activating all
resting CD4+ T cells.

Multiple mechanisms involved in the establishment and maintenance of HIV-1 latency have
been the subject of several recent reviews [6, 7, 95]. Viral transcription is blocked due to
epigenetic modifications such as histone deacetylation and DNA methylation and the
sequestration of critical host transcriptional factors, including NFκB. In addition, there are
post-transcriptional mechanisms including restricted nuclear export of HIV-1 RNAs and
inhibition by host microRNAs. Thus, there is no single mechanism of HIV-1 latency. This
can be understood by considering the fundamental nature of HIV-1 latency. In untreated
patients, there is continuous replication of the virus which is readily evident in the form of
detectable viremia (Figure 1). The virus evades the immune system through rapid evolution
[96], not through latency. Rather, for HIV-1, latency can be viewed as an accidental
consequence of viral tropism for activated CD4+ T cells that occasionally become infected
as they are transitioning back to a non-permissive resting state.

Durand et al. Page 6

Trends Immunol. Author manuscript; available in PMC 2014 March 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The complicated balance of host and viral factors regulating latency initially suggested that a
combination of drugs targeting multiple pathways might be required to efficiently reactivate
HIV-1, and it was not clear that any single agent would be capable of reactivating latent
HIV-1 without inducing global T cell activation. The development of improved primary cell
models to study HIV-1 latency in vitro has greatly facilitated the search for compounds with
this activity [97–101]. Recent studies have identified individual compounds that are capable
of reversing latency without T cell activation [97, 102, 103]. These include the histone
deacetylase (HDAC) inhibitor vorinostat (suberoylanilide hydroxamic acid or SAHA) [104,
105] and the alcoholism drug disulfiram [100]. Several lines of evidence (reviewed in [106])
indicate that HDACs are recruited to the HIV-1 LTR in latently infected cells [6, 92, 103,
104]. Thus HDAC inhibitors may contribute to reversing latency, although an alternative
mechanism has been proposed for SAHA [104]. The mechanism by which disulfiram
reverses latency is under investigation. Clinical trials of these agents are underway.

Clinical trials of latency reversing agents are carried out in patients who have had prolonged
suppression of viremia on HAART (Figure 3). The reversal of latency may lead to transient
increases in the level of viremia, but it is unlikely that the released viruses will be able to
infect new cells because of the extraordinary potential of HAART to suppress replication
[107]. It was anticipated that the infected cells in which virus gene expression had been
induced would die quickly from viral cytopathic effects or be lysed by host CTL, leading to
a decrease in the latent pool (Figure 3). However, a recent study has shown that reversal of
latency by agents that do not induce global T cell activation does not lead to the death of the
infected cells [108]. The lower levels of HIV-1 gene expression in resting cells and
differences in susceptibility to cell death pathways may protect these cells from viral
cytopathic effects. In addition, in vitro studies suggest that HIV-1-specific CD8+ T cells
from most patients on HAART are relatively ineffective at killing these cells following
reversal of latency [108]. Thus some form of therapeutic vaccination may be needed here as
well.

Clinical trials of latency reversing agents have raised the critical issue of how eradication
efforts will be monitored. As discussed above, residual viremia appears to reflect the release
of virus from stable reservoirs, but levels of residual viremia are already below the limit of
detection of standard assays (Figure 3). Direct quantitation of latently infected cells would
be ideal, but latently infected cells are very rare in vivo, with a frequency of less than 1 in
106 resting CD4+ T cells in the peripheral blood. They probably do not produce viral
proteins and are essentially indistinguishable from uninfected cells. This has made study of
latently-infected cells in vivo difficult. Currently, the gold standard assay for measuring the
size of the latent reservoir is a limiting dilution virus culture assay [109]. In this assay,
highly purified populations of resting CD4+ T cells are isolated from patients on HAART
who have clinically undetectable levels of HIV-1 plasma RNA. These cells are plated in a
limiting dilution format and then stimulated ex vivo to induce activation of all cells.
Uninfected CD4+ T lymphoblasts are added to amplify virus over a 2 week period, and viral
production is measured using an ELISA assay for HIV-1 p24 antigen. The assay is specific
for replication-competent virus, but it is time-consuming, and the sensitivity is limited by the
number of resting CD4+ T cells that can be isolated from a given patient. Simpler PCR
based assays also detect replication-defective forms of the virus, which greatly outnumber
replication-competent forms [2]. Stopping HAART, which is of course the ultimate goal of
eradication efforts, cannot be easily used to evaluate eradication efforts because of the
adverse effects associated with treatment interruption [59]. Thus improved assays to follow
eradication efforts are urgently needed.
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Concluding remarks
Remarkable progress in the treatment of HIV-1 infection has been made over the past three
decades, but a practical, general strategy for curing patients remains elusive. Novel
eradication strategies that hold some promise include gene therapy, therapeutic vaccination,
and pharmacologic reactivation of latent HIV-1. However, the global scale of the epidemic
necessitates that a successful strategy must allow large numbers of patients to be cured, even
in resource-limited settings. Thus immunologic and pharmacologic approaches may be more
relevant than gene therapy. Improved assays for detecting viral persistence are needed so
that the efficacy of eradication strategies can be monitored through laboratory measurements
rather than potentially harmful treatment interruptions. Additional mechanistic studies of
HIV-1 latency will identify novel targets for pharmacologic approaches to reactivate latent
virus, and a better understanding of the specific factors responsible for control of HIV-1
infection in ES will aid in the design of therapeutic vaccines. A hopeful development is the
recent recognition of the need for a concerted collaborative effort to solve this problem
[108]. Open collaborations between scientists studying molecular mechanisms and animal
models of HIV-1 persistence, physicians conducting clinical trials, and pharmaceutical
companies interested in the problem will clearly speed the discovery of a cure.
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Figure 1.
Dynamics of viral replication and viremia after initiation of HAART. (A) When patients
start a 3 drug HAART regimen (yellow, blue and green rectangles), plasma virus levels
undergo triphasic decay, ultimately plateauing below the limit of detection of clinical assays.
Boxes indicate clinical assays (filled boxes, detectable viremia; open boxes, viremia below
50 copies/ml). Fluctuations in the level of residual viremia can give rise to “blips” that are of
no clinical significance. Intensification of HAART by addition of a fourth drug (purple
rectangle) does not further reduce residual viremia because this viremia originates from cells
infected prior to the initiation of HAART. Despite prolonged suppression of viremia on
HAART, viral rebound occurs follow cessation of HAART. (B) The three phases reflect the
decay rates of different populations of infected cells. The first phase has a half-life of 1 day
and reflects the rapid decay of productively infected CD4+ T lymphoblasts. The cells
responsible for the second phase, which has a half-life of about 14 days, have not been
definitively identified. In the final phase, viral reservoirs are responsible for a very low but
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stable level of residual viremia. This residual viremia is partly derived from the activation of
latently infected resting CD4+ T cells and partly from another unknown cell source.
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Figure 2.
Use of therapeutic vaccination to achieve a functional cure. Vaccination of patients on a 3
drug HAART regimen (yellow, blue and green rectangles) may allow the subsequent control
of viremia after cessation of HAART to levels seen in ES. Because the mechanisms for
control of HIV-1 replication in ES are not completely clear, the nature of the therapeutic
vaccine is still uncertain. However, the stimulation of HIV-1- specific CTL responses is
likely to be important.

Durand et al. Page 16

Trends Immunol. Author manuscript; available in PMC 2014 March 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Use of latency reversing strategies to achieve a sterilizing cure. Reversal of latency in
patients on a 3 drug HAART regimen (yellow, blue and green rectangles) may lead to a
transient increase in viremia followed by a decrease in the size of the latent reservoir.
Latency could be reversed with agents such as the histone deacetylase inhibitor SAHA. This
decrease will be difficult to detect with current assays. To ensure that infected cells die after
reversal of latency, it may be necessary to combine latency reversing strategies with
therapeutic vaccination.
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