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Abstract

The discovery of a stable latent reservoir for HIV-1 in resting memory CD4* T cells provides a
mechanism for lifelong persistence of HIV-1. The long-lived latently infected cells persist in spite
of prolonged highly active antiretroviral therapy and present a major barrier to a cure of HIV-1
infection. In this review, we discuss the current understanding of HIV-1 persistence and latent
viral infection in the context of effective antiretroviral therapy and the recent progress in purging
viral latent reservoir. Recent studies demonstrate that reactivation of latent HIV-1 is a promising
strategy for the depletion of this viral reservoir. A thorough evaluation of the anti-latency activity
of drug candidates should include the measurement of changes in intracellular viral RNA, plasma
virus levels, and the size of viral latent reservoir, as well as potential adverse effects. Currently,
there are several technical barriers to the evaluation of anti-latency drugs in vivo. We also discuss
these challenging issues that remain unresolved.

Introduction

Human immunodeficiency virus-1 (HIV-1) is the causative agent of acquired
immunodeficiency syndromes (AIDS). Highly active antiretroviral therapy (HAART) can
reduce plasma HIV-1 RNA level to less than 50 copies mI~1, which is below the detection
limit of clinical assays. Previous studies of viral dynamics predicted a cure of HIV-1
infection within 2 to 3 years of treatment (1). However, a low level residual viremia can be
consistently detected by ultrasensitive assays from most of the patients even after years of
treatment (2-5). Rapid viral rebound after treatment interruptions was observed from
patients on efficacious antiretroviral therapy who had no clinically detectable viremia (6). A
stable latent reservoir for HIV-1 in resting CD4* T cells which is not affected by HAART is
a major reason for viral persistence (7-9). Therefore, HAART does not cure HIV-1
infection, but rather converts HIV-1 infection from a “death sentence” into chronic
infectious disease. Lifelong HAART is required for every infected individual to keep
residual HIVV-1 under control. Despite its great success, lifelong HAART can have adverse
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effects. In addition, providing lifelong antiretroviral therapy for tens of millions of infected
individuals poses a great economic challenge. Strategies aiming for a cure of HIV-1
infection are therefore needed. Attempts to cure HIV-1 infection will likely be made in
patients on HAART.

HIV-1 persists despite long-term antiretroviral therapy

HAART effectively suppresses HIV-1 replication. Multiphasic decay of plasma virus levels,
usually from above 10,000 to below 50 copies mI~1, is achieved in vast majority of patients
after the initiation of HAART. Since current antiretroviral drugs do not block viral budding
from infected cells, but rather block new infection, the decay rate of viremia corresponds to
the lifespan of infected cells. During the first and most rapid phase of decay, the plasma
virus levels are reduced exponentially by two orders of magnitude. Free virus has a very
short half-life (minutes to hours), and the first phase of decay, which has a half-life of one to
two days, corresponds to the half-life of HIV-1 infected CD4* T lymphoblasts (10). Infected
CD4* T lymphoblasts die quickly due to viral cytopathic effects (CPE) or host immune
responses. The second phase of decay has a half-life of two weeks (1), which reflects the
death of cells with a longer lifespan. These cells could by macrophages, dendritic cells or
perhaps partially activated CD4* T cells. After the second phase of decay, plasma virus
levels decrease to below 50 copies ml~1, with a median viral load of 3 copies mI~1 (5).
However, in the next phase (third phase), this low level of residual viremia stabilizes and
can be consistently detected despite of years of continuous treatment (2-5). Some study
suggests that the third phase can be further divided into two separate phases based on their
different rates of decay (5). Given the fact that the half-life of cell-free virions is measured
in unit of minutes or hours (10), the residual viremia from patients under long-term
antiretroviral therapy must reflect continuous virus production. Therefore, it is of great
importance to understand where residual viremia arises from.

There are currently two prevailing views regarding to the third phase of viral decay which
lasts indefinitely. One explanation is that HAART cannot completely block viral replication
in vivo but only reduces plasma virus levels to a stable set point. The residual viremia stems
from a low degree of ongoing viral replication. The belief in ongoing viral replication has
been greatly challenged by several lines of evidence. Given the error rate of HIV-1 reverse
transcriptase (11), viral evolution is inevitable and drug resistance mutations may eventually
arise if ongoing rounds of viral replication are sustained for years. The most convincing
evidence against ongoing viral replication is that patients with good adherence to HAART
regimens do not experience treatment failure, which is in agreement with the lack of viral
evolution in the persistent viremia (12-15). In addition, no effect on residual plasma viremia
was reproducibly observed upon intensification of treatment with additional antiretroviral
drugs. This also argues against ongoing viral replication. In these studies, a fourth drug was
added into the three-drug regimen. In one study, a boosted protease inhibitor atazanavir/
ritonavir or lopinavir/ritonavir, or a nonnucleoside reverse transcriptase inhibitor efavirenz
was combined with original regimen for a four-week intensification period. No decrease in
plasma virus levels was observed (16). The lack of effect of treatment intensification on
residual viremia was also observed in other intensification studies (17-22). In some
intensification studies with the integrase inhibitor raltegravir, although no decay of viremia
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is observed, an increase of 2-LTR circles was seen (18, 19). In another intensification study
with the integrase inhibitor raltegravir, reduction in the size of latent reservoir for HIV-1
was observed (23). The results from these studies suggest that raltegravir as the additional
antiretroviral drug might further inhibit viral replication, but the underlying mechanism is
not clear. Recent pharmacodynamic studies demonstrate that HIV-1 infection can be
completely inhibited by three-drug combination therapy (24). Previous studies on HIV-1
persistence primarily focused on plasma viremia from patient on HAART. However, the
possibility of ongoing viral replication in patients under efficacious antiretroviral therapy
cannot be completely ruled out by the aforementioned clinical studies on patient plasma
virus levels. Certain anatomical sites with poor drug penetration, such as the central nervous
system (CNS) or the genital tract, may support compartmentalized viral replication. Further
understanding of viral dynamics in these putative drug sanctuaries is hindered due to the
technical barriers to the measurement of local free drug and intracellular drug
concentrations.

The second view is that the low-level residual viremia reflects release of virus from a long
lived cellular reservoir(s) which is established prior to the initiation of HAART. Viruses
produced from the cellular reservoir do not initiate new cycles of infection due to the
presence of HAART. In 1997, three groups reported the finding of a stable reservoir for
HIV-1 in resting CD4* T cells. These cells could produce replication competent viruses in
vitro upon stimulation (7-9). Other reservoirs for HIV-1 have been proposed, including in
multipotent hematopoietic progenitor cells (25). However, another study failed to detect
HIV-1 DNA in multipotent progenitor cells patient from patients on HAART (26).
Therefore, the presence of this reservoir is still debatable. To date, latently infected resting
memory CD4* T cells are the most studied and best characterized reservoir for HIV-1. As
shown in Figure 1, in this cellular reservoir, HIV-1 is integrated within the transcription unit
of the host genome (27, 28) and is transcriptionally silent (29, 30). The stability of latent
HIV-1 is not affected by HAART because no antiretrovirals eliminate proviruses integrated
into the cellular genome. Since no viral protein is produced, latently infected resting CD4* T
cells avoid both viral cytopathic effects and host immune clearance. Numerous studies have
explored the correlation between HIV-1 persistence and the latent viral reservoir. It is
estimated that in patients on HAART up to 10 million resting CD4* T cells are latently
infected with HIV-1 (31). Longitudinal analysis demonstrated that the latent viral reservoir
is extremely stable, which provides a mechanism for lifelong persistence of HIV-1 infection
(32-34). A long-term follow-up study by Siliciano et al. closely monitored patients on
HAART for up to seven years and found that the size of latent reservoir in those patients did
not change over time. In this study, the measured half-life of latently infected resting CD4*
T cells was 44 months, indicating that it would take up to 70 years to allow this stable viral
reservoir to fully decay (33). Phylogenetic analysis revealed that in patients under long-term
efficacious antiretroviral therapy, rebounding plasma viruses after structured treatment
interruptions (STI) were from long-lived latently infected resting CD4" T cells (35, 36). It
was also demonstrated that viral variants rebounding during STI were already present before
the initiation of HAART, suggesting that a stable reservoir of HIV-1 is established early
during infection (36). Early establishment of the viral latent reservoir was supported by
several studies. In one study, patients were treated with HAART within 120 days of the
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onset of symptoms of newly acquired HIV-1 infection and virus rebound occurred in all
subjects after treatment was discontinued (37). Taken together, these results suggest that a
viral latent reservoir in resting CD4™ T cells is established early during infection. Low level
residual viremia appears to reflect the release of viruses from this stable reservoir. The
presence of a stable latent reservoir for HIVV-1 which is able to rekindle infection after
treatment cessation provides the best explanation for HIV-1 persistence.

HIV-1 establishes stable latent infection in resting CD4* T cells

Since latent HIV-1 infection allows lifelong persistence of replication-competent viruses in
patients on HAART, eliminating the latent reservoir is a key step toward a cure. To date, it
remains unclear how HIV-1 establishes latent infection in resting CD4* T cells in vivo. The
majority of evidence suggests that resting CD4* T cells are relatively non-permissive to
HIV-1 infection due to low levels of the HIV-1 co-receptor CCR5, inefficient reverse
transcription (38, 39) and defective nuclear import of pre-integration complex (40).
Therefore, HIV-1 latency is often viewed as an accidental consequence of viral tropism for
activated CD4" T cells. One hypothesis is that latently infected cells arise when activated
CD4* T cells become infected and a small fraction of them survive and revert to a resting
memory state (41). This idea is supported by the studies in which latent HIV-1 was found
primarily in resting memory CD4* T cells but not in naive cells (31, 42-44). Other studies
suggest that HIV-1 can establish latent infection by directly infecting resting CD4* T cells
(45-48). In these studies, despite of the low efficiency of reverse transcription and
integration, integrated proviral DNA was detected using a sensitive PCR assay, and silently
infected cells could produce viruses after stimulation. In addition, chemokines including
CCL19, CCL20, CXCL9 and CXCL10 increase the efficiency of HIV-1 nuclear localization
and integration but not viral gene expression in resting CD4" T cells, and thus facilitate the
establishment of HIV-1 latent infection (49). Nonetheless, both views agree that resting
CD4* T cells support establishment and maintenance of latent HIV-1 infection because the
host factors indispensable for viral gene expression are either insufficiently expressed or
sequestered in an inactive form in resting CD4* T cells (41, 50).

To eliminate latent HIV-1, we must understand how the viral latent reservoir is stably
maintained in vivo (Figure 2A). In patients on long-term antiretroviral therapy, the latent
reservoir is unlikely to be replenished by continuous rounds of infection, but, rather, stably
maintained in the cells which are latently infected before HAART is initiated. The lifespan
of cells harboring latent HIV-1 should be similar to that of uninfected resting memory CD4*
T cells, which are long lived and not subject to activation-induced cell death (51). Stochastic
activation of latently infected resting CD4™ T cells reactivates the latent virus and leads to
virus production which provides an explanation for the presence of low-level residual
viremia. The antiretroviral drugs prevent the released virus from infecting more cells. In
addition, recent studies demonstrated that the viral latent reservoir was maintained through
homeostatic proliferation of latently infected resting CD4* T cells driven by common -
chain cytokines Interleukin-7 and Interleukin-15 (44, 52).
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HIV-1 latent infection can be reversed by pharmacological approaches

Several approaches to purging the latent reservoir have been discussed. Though not the only
routes, the most studied approaches to elimination of the viral reservoir rely on reversal of
HIV-1 latency in resting CD4* T cells (Figure 2B). For example, the activation of latently
infected cells leads to reactivation of latent viruses (7-9) which consequently causes death of
the host cells. Since there is no feasible strategy to selectively activate resting CD4" T cells
that harbor latent HIV-1, initial attempts focused on interleukin-2 or interleukin-2 plus anti-
CD3 antibodies which induced global T cell activation. Although increased plasma virus
levels were observed in some of the patients in several clinical trials, such a strategy failed
to deplete the latent reservoir for HIV-1 (53-57). It is also worth mentioning that non-
selective T cell activation induced massive cytokine release and caused significant adverse
effects (54, 55). The failure of this strategy is not well understood. One possible explanation
is that global T cell activation induced clonal expansion of latently infected CD4* T cells.
Although the majority of these activated cells infected with HIV-1 died quickly, a small
fraction of these cells survived and reverted back to resting memory state, thus replenishing
the latent reservoir. Interleukin-7 was also investigated as a potential anti-latency agents but
its role in the T cell survival and homeostatic proliferation makes it a controversial candidate
(44). Thus, strategies that specifically reactivate latent virus without inducing T cell
activation are more attractive. An early attempt to eliminate the latent reservoir involved
reactivating latent HIV-1 with valproic acid, which was approved by the US Food and Drug
Administration (FDA) for the treatment of certain types of seizures. As a histone deacetylase
inhibitor, valproic acid was found to specifically reactivate latent HIV-1 by promoting
histone acetylation of the integrated proviral promoter in vitro (58). However, administration
of valproic acid in order to reactivate latent HIV-1 in patients on HAART failed to affect the
stability of latent reservoir in several clinical trials (59-64). The failure of these clinical trials
is not well understood. The inefficient reactivation of latent HIV-1 by valproic acid in vivo
is a potential reason. Renewed optimism was recently brought by the interesting case of a
patient who is considered to be the first and the only patient cured of HIV-1 infection. In this
case, the patient - the so-called “Berlin patient” - was doing well on HAART when he
developed acute myelogenous leukemia (AML). As part of the treatment of his leukemia, he
was given myeloablative therapy and hematopoietic stem cell transplantation from a donor
homozygous for a 32 base pair deletion mutation (A32) in the HIV-1 co-receptor CCR5.
HAART was stopped following the transplant, and the patient has not experienced viral
rebound for several years (65). In addition, studies performed in different laboratories
confirmed that no HIV RNA, DNA or latent reservoir was detected in this patient. Although
this aggressive approach is very hard to generalize, thorough elimination of latent HIV-1
was achieved in this case. However, it is not clear whether myeloablative therapy along
could cure HIV-1 infection, or the transplant donor homozygous for CCR5A32 is needed.

Successful elimination of the latent reservoir requires a better understanding of HIV-1
latency in resting CD4* T cells. The viral latent reservoir is very hard to study for two
reasons. First, latently infected cells are rare in vivo. In patients on HAART, only one per
million resting CD4" T cells carries integrated latent provirus that can produce replication-
competent viruses upon stimulation (31). Due to the rarity of latently infected cells, current
assays that measure size of the latent reservoir require large amount of patient blood and
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only have limited dynamic range (66). Second, latently infected resting CD4* T cells
harboring integrated proviral DNA are technically indistinguishable from the uninfected
cells. It would be a major breakthrough if any unique markers, preferably cell-surface
markers of latently infected cells could be identified to help distinguish them from other
uninfected cells. Recently, development of in vitro primary cell models (67-73) and cell line
models (74) of HIV-1 latency that capture the key characteristics of the latent reservoir in
vivo have significantly advanced the understanding of HIV-1 latency and facilitated the
development of strategies to eliminate the viral reservoir. From high throughput drug
screening, recent studies have identified many small compounds that can reverse latent
HIV-1 without causing T cell activation. Interestingly, these include two drugs, disulfiram
and vorinostat, which are approved by the US FDA for the clinical treatment of chronic
alcoholism and cutaneous lymphoma, respectively. They are promising candidates for future
eradication clinical trials. Vorinostat (SAHA,; suberoylanilide hydroxamic acid), a histone
deacetylase inhibitor (HDACI), has been investigated in several studies. VVorinostat is a
much more potent inhibitor than valproic acid against class | histone deacetylases, the major
isoform of histone deacetylase responsible for repression of viral transcription (75)
(IC50=0.01uM and 171uM, respectively (76)). Earlier ex vivo studies demonstrated that
vorinostat induced virus production in resting CD4* T cells from patients under long-term
antiretroviral therapy (77-79). Besides vorinostat, multiple HDACIis have been evaluated for
potency in reversing latent HIV in in vitro primary cell or cell line models (80). Disulfiram
was also found to reactivate latent HIV-1 in an invitro primary cell model (81). To evaluate
and improve the effectiveness of these compounds, a recent study compared different anti-
latency agents in both transformed cell line and primary cell models and reported that
single-agent latency reactivation therapy is ineffective against most HIV-1 subtypes, while
combinations of two drugs achieved better virus reactivation (82).

Critical issues in HIV/AIDS cure research remain unresolved

Despite the recent success in finding anti-latency agents, it is not completely understood
how well in vitro cell models of HIV-1 latency recapitulate the in vivo situation. In the
future clinical trials investigating strategies for viral eradication, a thorough evaluation of
the anti-latency activity of drug candidates should include the measurement of changes in
intracellular viral RNA, plasma virus levels, and the size of viral latent reservoir, as well as
potential adverse effects. These studies will be performed when patients are on HAART.
The final step of evaluation, which can potentially provide the ultimate proof of a complete
depletion of the latent reservoir, is monitoring rebound in viremia after the withdrawal of
HAART. Convincing evidence for the complete depletion of the latent HIV-1 must be
acquired before initiating the final step because withdrawal of HAART will likely put
patients at some risk of adverse effects. Here we discuss some of the key issues that need to
be resolved before taking the final step.

1. How to quantitatively measure virus reactivation in vivo?

There are several technical barriers to evaluating the in vivo efficiency of anti-latency drugs
which hamper the progress in the search for the cure for HIV-1 infection. For example, we
do not know how to quantitatively measure virus reactivation in vivo. A recent clinical study
directly investigated the effect of vorinostat in vivo and demonstrated that a single oral dose
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of vorinostat induced an increase in intracellular viral RNA levels in most of the subjects
(83). However, detection of intracellular viral RNA only confirms that the drug has in vivo
effect, but does not provide an answer to how completely latently infected resting CD4* T
cells can be induced to produce viral RNA. Incomplete reactivation of latent HIV-1 will not
lead to a cure since a small number of latently infected cells can fully rekindle infection. To
date, quantitative measurement of virus reactivation can only be achieved in in vitro systems
where T cell activating agents, such as a-CD3 plus a-CD28 antibodies,
phytohaemagglutinin (PHA) or phorbol 12-myristate 13-acetate (PMA) plus ionomycin can
be used as controls. Although there is no in vitro model that can perfectly mimic the in vivo
situation, testing and comparing drugs in different in vitro systems can provide some
indirect evidence of how efficient these drugs and drug combinations are in vivo.

In addition to detecting intracellular viral RNA, measuring plasma viral RNA in patients
treated with anti-latency drugs is a useful strategy to monitor virus reactivation. In previous
clinical trials, increased plasma virus levels were observed in some of the patients treated
with a-CD3 antibody (54). A recent clinical study demonstrated that the level of
intracellular viral RNA increased after administration of vorinostat but no increase in plasma
HIV-1 RNA levels was observed (83). It is possible that current viral quantification assay
may not be able to detect a small change in residual viremia if viruses are produced from the
latent reservoir after vorinostat treatment. It is important to understand how efficient viruses
can be produced from resting CD4* T cells in which latent infection has been reversed and
whether virus production from resting CD4* T cells can cause an increase in plasma virus
levels that can be detected by current assays. Previous studies in in vitro primary cell models
primarily focused on induction of viral gene transcription but not virus release from latently
infected resting CD4* T cells, partially due to the use of replication-defective viruses in
those systems (71, 72). Modified systems with primary resting CD4* T cells using budding-
competent viruses can determine whether anti-latency drugs can induce virus production
from resting CD4* T cells. If so, viral burst size in resting CD4* T cells has to be measured
so that we know whether a significant increase in plasma viremia can be expected. It is
possible that resting CD4* T cells cannot support efficient virus production. This is
suggested by certain studies in which production of viral RNA and viral proteins but not
cell-free viruses can be detected from HIV-1-infected resting CD4* T cells. These findings
suggest that there are some barriers at later steps in HIV-1 life cycle (48, 84). Even if release
of free virus is inefficient, viral protein expression can expose latently infected cells to virus-
or immune-mediated killing.

2. How to measure the size of latent reservoir for HIV-1?

Although viral gene transcription and virus production are considered to be evidence for
virus reactivation, additional studies are required to determine whether the reversal of
latency actually leads to the elimination of latently infected cells. A reduction in the number
of resting CD4* T cells harboring latent virus in vivo is often considered direct evidence for
elimination of latent HIV-1. However, there is no simple assay to measure the size of latent
reservoir for HIV-1. In patients on HAART, the frequency of cells carrying HIV-1 DNA is
about 100-fold greater than the frequency of cells that produce replication-competent virus
in the viral outgrowth assay. This is probably because the majority of integrated proviruses
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are defective (31). Although assays using PCR to quantify viral DNA are simple and fast,
the measured amount of viral DNA is not necessarily correlated with the size of latent
reservoir. Therefore, such assays cannot reliably predict the size of latent reservoir in vivo.
The current assay that best measures the frequency of latently infected resting CD4" T cells
relies on in vitro reactivation of resting CD4* T cells with the mitogen PHA and expansion
of the viruses that are produced by coculture with CD4* lymphoblasts from normal donors
(66). One of the major advantages of this assay is that it only measures cells harboring
replication-competent HIV-1, not cells with defective viruses. Its disadvantages include the
cost and length of time required for the assay. In addition, due to the low frequency of
latently infected cells (one per one million), large amount of patient blood is needed in order
to obtain the millions of resting CD4* T cells needed for this assay. The dynamic range of
this assay is limited because only a few latently infected cells can be detected in one sample,
which suggests that small changes in the size of latent reservoir may not be identified by this
assay. Larger amounts of cells can be obtained from leukapheresis to increase the dynamic
range of this assay. Such strategy is not ideal for large-scale clinical trials. Studies to
simplify the current assay meanwhile increase the dynamic range of the assay need to be
done in the future.

3. How to kill resting CD4* T cells in which latent HIV-1 has been reactivated?

A critical issue in viral eradication is how to kill infected resting CD4* T cells in which
latent HIV-1 has been reactivated. It was often assumed that reactivation of latent HIV-1
would kill the infected cells either through viral CPE or host immune responses, in
combination with HAART to prevent new infections. However, the validity of this
assumption has been questioned. Previous studies mainly focused on transformed cell lines
and activated CD4* T cells and demonstrated that viral CPE caused cell death through
caspase-dependent or independent mechanisms (85-88). Since current efforts are focused on
finding latency reversing agents that do not cause T cell activation, it is important to know
whether resting CD4" T cells are susceptible to viral cytopathic effects (CPE). In addition to
viral CPE, CD8* cytolytic T-lymphocytes (CTL) are a major component of adaptive
immunity against viral infection. Some studies have demonstrated that functions of HIV-1-
specific CTLs in patients are defective and are not restored by HAART (89, 90). To
understand whether the reversal of viral latency causes cell death in resting CD4* T cells or
not, a recent study examined the killing of latently infected cells by viral CPE and HIV-1-
specific CD8" T cells in an in vitro system (91). In this study, viral latent infection was
generated in patient CD4* T cells by superinfection with HIV-1 reporter virus in vitro. After
latent virus was reactivated by vorinostat, infected resting CD4* T cells survived. The
inefficient killing of resting CD4* T cells by viral CPE is partly due to inefficient viral gene
expression in resting cells. In addition, resting cells at a quiescent G state are less
susceptible to viral CPE mediated by HIV-1 vif and vpr, which cause cell cycle arrest in
activated CD4* T cells. This study also demonstrated that autologous CTLs from patients on
HAART failed to kill latently infected resting CD4* T cells in which latent infection had
been reversed. Overall, these results suggest that resting CD4* T cells harboring latent
HIV-1 cannot be eliminated by either viral CPE or cytolytic T-lymphocyte responses after
the reversal of HIV-1 latent infection. The limitation of this study is that Bcl-2
overexpression in the in vitro model could potentially interfere with viral CPE.
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There are several strategies proposed to improve the killing of HIV-1-infected resting CD4*
T cells. Studies in an in vitro system demonstrated that stimulating autologous CTLs with
HIV-1 Gag peptides prior to virus reactivation led to efficient killing of latently infected
cells (91). However, in vitro stimulation of HIV-1-specific CTLs from patients on HAART
with viral peptides did not fully restore their proliferative and cytolytic capacities, or other
functions such as cytokine production (89-91). High-level proliferative and cytotoxic
capacities of HIV-1-specific CTLs can be re-stimulated in vitro with phorbol esters and
calcium ionophores, which are potent stimuli that cannot be administrated in vivo (89).
Thus, how to efficiently restore CTL functions in vivo is an important area for future studies.
In other studies, antibody-conjugated bacterial toxins were designed to target and Kill cells
expressing HIV-1 Env protein after virus reactivation (92). It is possible that some anti-
latency agents can induce much higher level of HIV-1 gene expression than most of the
current candidates so that viral CPE can be largely enhanced efficiently cause the death of
host cells. In addition, it will be very interesting to find drugs that have synergistic effect
with viral CPE to kill host cells.

Conclusion

Despite recent advances in the understanding of HIV-1 latency and its clinical ramifications,
achieving a cure for HIV-1 infection remains a great challenge for the scientific community.
Reactivation of latent virus while patients stay on HAART is currently one of the best
strategies for the depletion of viral latent reservoir. Intensive efforts have been made in the
past several years to identify compounds that can reactivate latent HIV-1 without causing T
cell activation in invitro cell models. However, there are multiple barriers to the accurate
evaluation of in vivo effectiveness of anti-latency drugs. Furthermore, strategies such as
priming HIV-1-specific CTL response to enhance killing of resting CD4* T cells in which
latent infection has been reversed are needed for the elimination of latent reservoir. The
search for a cure will be a prolonged process, and success is not guaranteed.
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Figure 1. HIV-1latent infection
In productively infected cells, HIV-1 rapidly completes all the steps including entry, reverse

transcription, integration, viral gene transcription and virus production. There are two forms
of latent infection: post-integration latency and pre-integration latency. Post-integration
latency can be generated when some activated CD4* T cells survives and reverts back to a
resting state. In these cells, HI\VV-1 completes integration but its gene transcription is
silenced. Post-integration latency can also be generated when HIV-1 infects resting CD4* T
cells and completes all the steps in the life cycle through integration. However, infection of
resting CD4* T cells is less efficient because of the blocks at the steps of reverse
transcription and integration. Latently infected resting CD4" T cells with integrated provirus
can produce viruses after encountering its cognate antigen. Pre-integration latency can be
generated when HIV-1 completes reverse transcription in resting CD4" T cells but fails to
integrate into the host genome. Pre-integration latency is a labile form of latency that decays
rapidly due to the short half life of HIV-1 double-stranded DNA.
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Figure 2. (A) Establishment and maintenance of latent reservoir for HIV-1
Latently infected cells appear to arise when activated CD4* T cells become infected and a

small fraction of them survive and revert to a resting memory state. In patient under
suppressive antiretroviral therapy, ongoing viral infection of activated and resting CD4* T
cells is inhibited by antiretroviral drugs. The viral latent reservoir is established prior to the
initiation of HAART. Due to the lack of viral gene expression, latently infected resting
CD4* T cells avoid viral CPE or host immune response. When encountering their cognate
antigen, resting CD4* T cells harboring latent virus become activated and induce viral gene
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expression and virus production, which appears to be the major source of residual plasma
viremia. Latently infected resting CD4* T cells also undergo homeostatic proliferation
driven by IL-7 or IL-15, thus replenish the latent reservoir. (B) Strategiesfor purgingviral
latent reservoir. Nonspecific reactivation of latent HIV-1 using interleukin-2 plus anti-CD3
antibodies did not deplete the viral reservoir for unknown reasons. Such strategy caused
global T cell activation, massive cytokine release and severe adverse effects. Compounds
that reactivate latent HIV-1 but avoid activating the host cells are identified using cell
models of HIV-1 latency. However, virus reactivation does not cause the death of infected
resting cells due to insufficient viral CPE and defective CTL responses. Priming CTL
response prior to virus reactivation is a promising strategy to enhance killing of resting
CD4* T cells in which the latent infection is reversed.
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