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Summary
Current therapies do not eradicate HIV from infected patients. Indeed, HIV hides in a latent form
insensitive to these therapies. Thus, one priority is to purge these latent reservoirs. But what
mechanisms are responsible for latency and what are the reservoirs of latently infected cells? The
present knowledge in terms of HIV latency is still incomplete and current therapeutic strategies fail
to eradicate completely latently infected cells. What could the future bring?
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INTRODUCTION
The major obstacle in curing AIDS is a reservoir of cells, in which HIV resides in a latent form.
In these cells, replication-competent virus persists even in patients treated for long periods of
time with highly active antiretroviral therapy (HAART). The main source of latent virus is
thought to be a small pool (~106 per individual) of latently infected resting memory CD4+ T-
lymphocytes [1]. This is a critical point as these resting CD4+ T-lymphocytes, contrary to their
mature infected counterparts, have a long life-span. Studies demonstrated that the decay rate
of the pool of latently infected cells is extremely slow with a half-life of 44 months meaning
that ~70 years of HAART treatment would be required for the eradication of the latent reservoir
[2]. Although resting CD4+ T-lymphocytes are the major source of latent virus there are other
cell types that carry hidden virus, e.g. microglia in the central nervous system (CNS) [3],
dendritic cells [4], resting monocytes and macrophages [5,6]. Studies have also demonstrated
that new cells were being infected in patients undergoing HAART [7–9]. These studies suggest
that low-levels of on-going HIV replication and/or occasional activation of latently infected
cells may contribute to the persistence of virus in resting CD4+ T-lymphocytes.

Regarding the integration state of viral DNA, two forms of latency are observed: pre-integration
and post-integration latency. Although non-integrated DNA is the predominant form of HIV
DNA in resting CD4+ T-lymphocytes, pre-integration latency does not contribute greatly to
the viral reservoir due to its labile nature. The half-life of non-integrated viral DNA is short
due to the susceptibility of reverse transcripts to intracellular degradation [10]. This latency
results from the block at the level of HIV DNA integration. In resting cells, levels of ATP are
probably too low for the energy dependent nuclear import of viral cDNA together with the
large pre-integration complex [11]. However, upon activation of resting cells by antigens or
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other stimulatory signals, viral cDNA integrates into the host genome and produces new virions
[12].

Post-integration latency arises when infected CD4+ T-lymphocytes with integrated HIV DNA
revert to a resting memory state. These cells do not produce detectable levels of virions [13].
Thus, they are not recognized by the immune system and are one reason for unsuccessful
HAART. Post-integration latency is established and maintained by several different
mechanisms. The most important ones at the level of transcription depend on integration sites
and the chromatin environment, lack of key host transcription factors (TFs), transcriptional
interference (TI) and lack of viral activator Tat. Of minor importance are mechanisms that
inhibit post-transcriptional processes: RNA interference, lack of viral protein Rev and lack of
host polypyrimidine tract binding protein (PTB).

MECHANISMS OF LATENCY
Latency as a result of inefficient transcriptional initiation and/or elongation

Repressive chromatin environment—The levels of viral expression are influenced by
the chromatin environment of cellular DNA at the site of integration of the provirus. Reports
on sites of integration of viral DNA are controversial. Jordan et al. demonstrated that latent
proviruses integrate preferentially into centromeric heterochromatin [14]. However, other
studies indicate that the HIV genome is inserted into intronic regions of actively transcribed
genes [15]. The difference in integration sites probably reflects the method and/or cells used.
While in the first study, a T lymphocyte cell line was infected in vitro with a full-length viral
genome expressing green fluorescent protein and latently infected clones were selected, in the
second study the population of resting CD4+ T-cells that do not produce virus was isolated
from individuals on HAART. Thus, the later experiment ex vivo presumably reproduces a more
relevant picture on viral DNA integration sites. Three studies where T-cells were infected in
vitro without selection also demonstrated integration into actively transcribed genes [16–18].
In the study of Lewinski et al. [19] Jurkat T cells were infected with an HIV-based vector and
cells were separated into populations with different expression levels from the HIV promoter.
They found that in cells with low-level expression, proviral genome integrates into gene
deserts, centromeric heterochromatin and very highly expressed cellular genes [19].

Despite the preferential integration into actively transcribed genes, there are several factors
that could form repressive chromatin structure on the HIV long terminal repeat (LTR) which
encompasses the viral HIV promoter. In the transcriptionally silent state, two nucleosomes are
found on the HIV-LTR. Nuc-(0) spans the region from positions −415 to −255 and Nuc-(+1)
from positions +1 to +155 with respect to the transcription start site of HIV genome. The region
covered by and between these two nucleosomes contains recognition elements for the
sequence-specific host TFs [20], the important ones for transcription of the HIV genome being
nuclear factor kappa B (NF-κB), nuclear factor of activated T cell (NFAT), upstream
stimulating factor (USF), Ets1 (a protein that binds ETS - a winged helix-turn-helix domain),
lymphoid enhancer binding factor-1 (LEF-1), stimulatory protein 1 (Sp1) and leader binding
protein-1 (LBP-1) (Fig. 1). The availability of certain cellular proteins directs the binding of
chromatin remodeling complexes and consequently the formation of the preinitiation complex.
One of the TFs, which plays a crucial role in the repression/de-repression of local chromatin
structure surrounding the HIV LTR, is NF-κB. The active form of NF-κB is composed of
heterodimers p50 and RelA. When the levels of free p50:RelA in the cell are too low, the same
binding sites are occupied by p50:p50 homodimer which binds the histone deacetylase 1
(HDAC1). HDAC1 promotes deacetylation of surrounding histones, compaction of chromatin
and consequently suppression of gene expression [21] (Fig. 2A). Williams et al. demonstrated
that the recruitment of p50:RelA heterodimer to the HIV LTR relieves this repressive chromatin
environment by removing HDAC1 [22]. In this situation, histone acetyltransferases (HATs)
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bind to the LTR and cause histone acetylation thus inducing the relaxation of chromatin
structure and activation of gene transcription [23].

Lack of key transcription factors—Relaxed chromatin is necessary but not sufficient for
the initiation of transcription. Other important factors are levels of some key cellular
transcriptional regulators that vary depending on cellular activation. Two of the key TFs, upon
which successful transcription depends on are NF-κB [24] and NFAT [25]. Levels of these
proteins vary depending on cellular activation. In the cytoplasm of resting memory CD4+ T-
lymphocytes, inactive NF-κB (p50:RelA heterodimer) is bound to the inhibitor IκB (Fig. 3A).
Interestingly, host protein Murr1 decreases NF-κB activity by increasing the concentrations of
IκB. Indeed, genetic knockdown of Murr1 increases the replication of HIV in resting CD4+ T
lymphocytes [26].

When concentrations of active NF-κB are too low, transcription can be initiated successfully
but there is still a block at the level of transcriptional elongation. The transcriptosome forms
efficiently on the promoter, but RNA polymerase II (RNAPII) stops transcribing the gene soon
after it clears the promoter (Fig. 3A). Stimulation by IL-2 or TNFα releases NF-κB, which is
then transported to the nucleus where it binds to several promoters including the HIV LTR
[24]. In this situation, NF-κB recruits HATs for the relaxation of chromatin structure [27] (Fig.
3B). In addition, NF-κB activation could result in the recruitment of the positive transcription
elongation factor b (P-TEFb) to the HIV LTR which has been demonstrated to occur for the
IL-8 promoter [28] [29]. This recruitment of P-TEFb to the HIV LTR may lead to a suboptimal
activation of transcriptional elongation. NFAT, which synergizes with NF-κB to activate
transcription from HIV LTR, is of lesser importance for HIV transcription [25].

Copying is followed by the synthesis of viral protein Tat, which recruits P-TEFb to the close
proximity of C-terminal domain (CTD) of RNAPII via the transactivation response element
(TAR) that forms a stable RNA stem loop at the 5′ end of all viral transcripts. [30] (Fig. 4B).
As a consequence, optimal RNAPII elongation of viral transcription ensues. Thus, levels of
cellular NF-κB alone are not sufficient for productive transcriptional elongation. Rather, a
threshold concentration of Tat determines the elongation of RNAPII through the HIV genome.
Too low levels of Tat in the cell or mutations in the Tat gene are possible additional reasons
for maintaining latency in infected cells (Fig. 4A).

Transcriptional interference—TI is a mechanism that arises as a result of a relative close
proximity of two promoters. Ongoing transcription from an upstream promoter interferes or
suppresses initiation of transcription from a downstream promoter if RNAPII ‘reads through’
into downstream gene. The first report on TI was described for prophage lambda promoters
which inhibited the expression of the downstream gal operon [31]. Authors named the
phenomenon ‘promoter occlusion’ and observed that its effect was complete (the downstream
promoter was fully inhibited) when the distance between the promoters was small (less than
10 kb).

TI can be overcome by preventing RNAPII from continuing to transcribe into the downstream
gene or by activating to a greater extent the downstream promoter.

By inserting the strong termination signal between two HIV promoters integrated into the
genome of HeLa cells Greger et al. prevented the occlusion of the downstream promoter. They
also demonstrated that the binding of transcriptional activator Sp1 to the occluded promoter
was reduced and this effect was overcome when the promoter was protected by a terminator
[32]. TI was described in several biological systems ex vivo. However, because of the
integration of HIV genome into introns of actively transcribed genes, TI is probably a common
cause for latency in vivo (Fig. 5A).
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Post-transcriptional blocks
Inefficient export of genomic RNA—By binding to a target sequence (Rev response
element, RRE) located within the viral RNA region coding for the envelope protein, the viral
protein Rev exports unspliced HIV RNA from the nucleus of infected cells. In CD4+ positive
HeLa cells, which express constitutively a Rev-deficient virus, a critical threshold of Rev is
required for highly productive HIV replication [33]. Thus, low levels of Rev in infected cells
might potentiate viral latency (Fig. 6).

Inefficient export of multiply spliced RNA species—Lately, a similar block to
inefficient genomic RNA export has been described [34]. In this scenario, an aberrant
localization of multiply spliced (MS) HIV RNAs causes a post-transcriptional block in viral
gene expression. These RNA species encode positive regulators Rev and Tat, which are crucial
for the expression of the viral genome. It has been demonstrated that in resting CD4+ T-
lymphocytes, MS RNA species are localized to the nucleus and are not exported to the
cytoplasm. Interestingly, the overexpression of host PTB, a protein involved in post-
transcriptional regulation of gene expression (reviewed in [35]), resulted in cytoplasmic
localization of MS RNA species in latently infected cells from patients on HAART, thus
reverting this post-transcriptional block (Fig. 6) [34].

RNA interference—Recently, microRNAs (miRNAs) that encode sequences embedded in
the HIV genome and virus-derived miRNAs have been identified. Interestingly, host cellular
factor TAR RNA-binding protein (TRBP) which is a component of dsRNA-specific
endoribonuclease (Dicer) -mediated dsRNA processing was found to be a cofactor in Tat:TAR
interactions. Possibly, miRNAs bind to the HIV RNA which is in turn degraded and thus not
translated into viral proteins. One can not exclude the possibility that HIV exploits the cellular
RNAi machinery to maintain a latent infection (Fig. 6, reviewed in [36]).

OTHER RESERVOIRS OF LATENTLY INFECTED CELLS
Although the most important source of latent reservoirs are the resting memory CD4+ T-
lymphocytes present in lymph nodes and in peripheral blood, there are some other cells that
contribute to the reservoir. In lymphoid tissues, follicular dendritic cells play important roles
in the transmission of HIV to CD4+ lymphocytes. By producing a subsequent systematic spread
of the virus, these cells represent a major reservoir for HIV in lymphoid tissues [37]. Dendritic
cells retain viral particles on their surface, but they are not permissive for HIV infection. The
virus is trapped on their surfaces and can be transmitted to T-cells in trans [4].

Macrophages contribute significantly to the viral reservoir in patients on HAART in the later
phase when CD4+ T-lymphocytes are depleted [5]. Of importance, virions persist within
monocyte-derived macrophages for weeks [6]. It has to be noticed that potential reservoirs for
HIV are located in various locations in the body and not just in lymph nodes and peripheral
blood. Latent virus was detected in CD4+ T-lymphocytes and macrophages in the semen
[38], in the male urogenital tract [39], in the liver (Kupffer cells) [40] and in the CNS [41].
CNS is an important reservoir for the latent virus, which most probably accesses the CNS from
the blood stream by ingress of infected monocytes and macrophages. In the CNS, the principal
cellular targets for HIV are macrophages and microglial cells [3].

ERADICATION OF HIV LATENTLY INFECTED CELLS
How to purge the reservoir of latently infected cells?

Strategies have been designed to reactivate HIV from latency or to directly target this reservoir
of resting memory CD4+ T-lymphocytes (See Table 1 for a summary of the different drugs
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that could reactivate HIV from latency). In the first approach, once reactivated, HIV expresses
its genes, replicates and thus becomes susceptible to immune elimination and HAART.
Eventually, host cells bearing the integrated HIV genome, which have a relatively short half-
life in vivo, die. The second strategy aims at purging the reservoir by coupling immunotoxins
to molecules recognizing specific markers.

Overcoming chromatin compaction
As chromatin remodeling has been shown to play a key role in HIV silencing in cell line models
of latency, inhibitors of chromatin compaction were tested (Fig. 2B) [42,43]. Valproic acid,
an HDAC inhibitor previously shown to stimulate the release of virus from latently infected
CD4+ T-lymphocytes in vitro [44] has recently been tested in 4 patients who also received
enfuvirtide as a complement for their therapy. Analysis of the latent reservoir showed a
decrease of 68 to 84 % in the number of latently infected memory CD4+ T-lymphocytes in 3
out of 4 patients [43]. Valproic acid may also lower HIV-induced cytotoxicity in the central
nervous system [45]. More recently HMBA (Hexamethylene Bisacetamide), a compound of
the same family as SAHA (Suberoylamide Hydroxamic Acid), another HDAC inhibitor, has
been implicated as a chromatin remodeling factor. Indeed, although it does not induce any
histone acetylation, it can displace nucleosome 1, thus activating HIV replication in chronically
infected cell lines [46]. HMBA is not an HDAC inhibitor and acts through an as yet unknown
mechanism. Our results suggest a role for Akt and P-TEFb in this activation as HMBA releases
it from its regulatory factor HEXIM1 (Contreras et al., submitted). HMBA is of particular
interest as it also inhibits HIV replication ex-vivo in PBMCs. However, clinical trials have
shown that HMBA may be too toxic and labile to use in patients [47,48]. In addition, structurally
related compounds such as polymethylene bisacetamide and diethyl bis-(pentamethylene-
N,N-dimethylcarboxamide) malonate demonstrate effects similar to the one of HMBA on cell
metabolism and might be further considered for new approaches aiming at purging the reservoir
of latently infected cells.

Activation of transcription
The following approaches help to overcome blocks involving lack of transcription factors.
They also prevent TI by increasing transcription at the HIV LTR (Fig. 3B, 5B). Initial trials
involved the use of broad activators of T-lymphocytes, that activate resting CD4+ T-
lymphocytes, like anti-CD3 antibodies and IL-2 in individuals receiving HAART to reactivate
the latent pool of HIV infected cells, and also to stimulate the exhausted immune system
[49]. Although the anti-CD3 approach revealed itself unusable because of its toxicity, the IL-2
approach resulted in a marked decrease of the latent pool of HIV but failed to eradicate the
infection [49,50]. Indeed, this treatment may induce susceptibility to HIV infection in a wide
number of cells and possibly fails to activate all latently infected cells.

Milder activators of T-lymphocytes were studied in a second approach. IL-7 is an important
cytokine for T-lymphocyte homeostasis. It promotes memory CD4+ T-lymphocytes
maintenance, turnover, and, importantly, it also activates HIV replication. It was also tested as
a complement to HAART [51,52]. IL-7 reactivated HIV replication with minimal effects on
T-lymphocyte phenotype [51]. Importantly, the analysis of viral genomes after reactivation
demonstrated that IL-7 induces the replication of different viral isolates compared to
stimulation with IL-2/Phytohemagglutinin (PHA). These results suggested that a combination
using IL-2 and IL-7 might be complimentary [53]. Prostratin, a phorbol ester that activates
protein kinases C (PKCs), is another promising compound. It activates cells without induction
of proliferation [54,55]. Studies in PBMCs from infected individuals as well as on lymphoid
tissue ex-vivo have demonstrated that prostratin reactivates viral replication in latently infected
cells with minimal side effects as well as inhibits de novo infection [55,56]. Prostratin acts on
activated cells by inducing the transcription factor NF-κB, which is excluded from the nucleus
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in quiescent T-lymphocytes [57]. NF-κB (p65) has three main effects: it recruits HATs,
removes the p50 subunit involved in chromatin remodeling at the HIV LTR and could recruit
P-TEFb to increase transcriptional elongation.

Most of the latent reservoir is established and maintained at the level of transcription. Inefficient
or no elongation of transcription represents one of the most important mechanisms whereby
integrated proviruses are not expressed in vivo [58]. As Tat recruits P-TEFb to the HIV LTR
via TAR, it has been proposed as a possible treatment alternative to reactivate HIV from latency
(Fig. 4B) [59]. In this study, transgenic mice that secrete a Tat.GFP fusion protein from the
β-cells of the pancreas were created. The secreted Tat.GFP chimera spread to all tissues and
targeted latently infected cells ex-vivo. As expected, Tat was able to enter cells [60] and to
activate viral transcription. In addition, the extracellular Tat has also been shown to interact
with several membrane receptors and thus stimulate signaling pathways including the NF-κB
pathway [61]. These effects may also participate in the further activation of latent pools of HIV
infected cells. Importantly, Tat had no deleterious effects in this system, as well as when used
in vaccine trials. Thus Tat, either added exogenously or secreted by transduced cells, could be
tested further for its effects on the reactivation of HIV from latency.

Overcoming the block at the level of mRNA export
Over-expressing PTB in PBMCs from treated patients has been shown to reactivate HIV
replication [34]. Unraveling the mechanisms of regulation of PTB expression in resting
memory CD4+ T-lymphocytes might give new insights into the design of new approaches to
eradicate the latent virus. Importantly, molecules involved in the differentiation of CD4+ T-
lymphocytes and able to induce expression of PTB could be used as therapeutic agents (Fig.
6). To bypass the need for multiply-spliced mRNAs to be exported from the nucleus, another
possibility would be to introduce Rev and Tat proteins produced by these mRNAs into latently
infected cells.

Directly depleting the reservoir
HIV latently infected resting CD4+ T-lymphocytes are transcriptionally silent. Thus integrated
proviruses are under perfect covert, no specific antigen can be used as a marker for this
population. Attempts to deplete directly this reservoir have focused on the use of antibodies
against CD45RO, a specific marker of resting memory CD4+ T-lymphocytes. Coupled to ricin,
an immunotoxin, these antibodies kill specifically memory CD4+ T-lymphocytes, that bear
most of the latent HIV genomes [62]. These studies conducted ex-vivo have shown a significant
reduction in the number of latently infected cells obtained from HIV-infected individuals with
viremia below the limit of detection. However, such an approach would severely compromise
the memory T-lymphocyte population of the patient.

FUTURE PERSPECTIVES
One of the key issues in HIV latency research is to create relevant models. Obviously, primary
cells from treated patients are not easy to obtain or handle. Some cell lines are used as models
for latency. However, these cells enter the cell cycle and are not quiescent, contrary to latently
infected primary cells which are blocked in the Go state of the cell cycle. One of the main goals
for future studies in HIV latency is to establish a reliable model.

To study factors involved in the reactivation of HIV replication, one could analyze in detail
the pattern of expression of genes differentially expressed in latently infected cells. Such efforts
have already been realized using microarray approaches and have identified two potential
candidates involved in viral latency: IRF8 and NCoA3 [63,64], suggesting new strategies might
be investigated targeting these factors. Importantly, memory CD4+ T-lymphocytes, the major
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reservoir of latent HIV, and mechanisms involved in their stimulation should be further studied.
Such work would provide new approaches to reactivate the latent reservoir.

What can be realized in terms of therapy? Probably the most promising results have been
obtained using the HDAC inhibitor Valproic Acid which could lower by 70% the number of
latently infected cells. But, all latently infected cells must be purged. The design and testing
of new HDAC inhibitors may improve this therapy. However, as different mechanisms account
for latency, it is highly probable that a combination of compounds will be required. This
combination, including HDAC inhibitor and activators of viral transcription such as Tat or
prostratin, may be able to reactivate a wider population of latent proviruses.

As an alternative to reactivating the virus from latency, all HIV reservoirs may be targeted by
molecules recognizing the viral genome, the only marker of HIV-latently infected cells. PNA
(polyamide nucleic acid), or zinc finger based proteins could be used in therapy [64]. These
molecules coupled to DNA endonucleases or bleomycin, for example, could induce the
degradation of the targeted viral genomes.

However, the assessment that memory CD4+ T-lymphocytes bear most of the latent virus is
not certain. Other reservoirs of HIV infected cells, notably in the brain and semen [3,38,41],
may also represent another threat. In this respect, further work should be performed in monkey
models of AIDS to analyze the presence of integrated SIV genomes in different organs after
HAART. Furthermore, the penetrance and efficiency of current therapies to these reservoirs is
not very well known and should be investigated.

CONCLUSION
Since the advent of HAART, viral latency has been considered the main barrier to the
eradication of HIV. Latency is established mainly in memory CD4+ T-lymphocytes. Several
mechanisms may account for viral silencing in this reservoir including chromatin remodeling,
lack of transcription factors and TI. Further work is needed to understand fully the mechanisms
involved in HIV latency in vivo.

Combination of therapies aiming at reactivating HIV from different states of latency may help
to purge the virus from its reservoirs. However, eradicating HIV may prove to be quite a
challenge. Other strategies may aim at restoring immuno-competence and avoid immune
exhaustion. Recent publications pointed out the crucial role of PD-1, a negative regulator
involved in immune exhaustion during chronic HIV infection [65,66]. Strategies inhibiting this
pathway may prove useful to maintain the integrity of the immune system during viral infection
and lead to its clearance after reactivation.

Executive summary
Epidemiology

• HIV is a scourge that hits 40 million people worldwide.
• HAART is a powerful therapy that can lower viral load to undetectable levels.
• Despite its potency, HIV is not cleared from infected individuals, HIV remains in

hidden reservoirs, mainly in a latent form insensitive to HAART.

Reservoirs of HIV
• HIV is present in a latent form mainly in memory resting CD4+ T-lymphocytes.
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• Chromatin remodeling is an important mechanism accounting for this latent state by
preventing accessibility of the HIV genome

• HIV is also silenced at the level of transcription by two other mechanisms:
transcriptional interference and lack of transcription factors (e.g. NF-κB)

• Other blocks at a post-transcriptional level might support HIV latency
• Other reservoirs host HIV latent forms insensitive to therapy: Macrophages, Follicular

dendritic cells, dendritic cells, Kupfer cells, urogenital tract, semen CNS.

Purging latent HIV
• Different approaches are considered to reactivate HIV from this latent state thus

rendering it sensitive to therapies.
• Valproic Acid is an HDAC inhibitor that gave encouraging results in patients
• HMBA reactivates HIV replication from latency in an HDAC independent manner.
• Interleukins (2/7) have been tested for their ability to activate lymphocytes and restore

immune system functions.
• Prostratin, a promising agent, activates HIV from latency through the PKC/NF-κB

pathway.
• The memory CD4+ T-lymphocytes could also be purged using immunotoxins specific

for this subpopulation.

Future Directions
• The HIV Tat protein itself could be considered as a therapeutic agent for its role in

HIV transcription as well as for its ability to penetrate any cell in the organism.
• Other chromatin remodeling agents should be tested.
• Endonucleases coupled to specific molecules may target and destroy HIV genomes.
• Combination of therapies might be the only way to go as it could reactivate viruses

from different kind of latent states.
• More work has to be performed to clearly identify the HIV latent reservoirs.
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Fig. 1. Binding sites for the critical TFs within the HIV LTR
LTR is composed of three regions: 3′ untranslated region (U3) (green), transcription regulatory
region (R) (grey) and 5′ untranslated region (U5) (blue). The following host TFs which bind
to the HIV LTR are designated: NFAT (brown), USF (orange), Ets1 (purple), LEF-1 (blue),
NF-kB (green), Sp1 (yellow) and LBP-1 (yellow-green). TATA box and initiator element are
marked in grey and red, respectively. Nucleosome 1 location is from +1 to +155 (Nuc-(+1)).
Arrow marks the transcription start site.
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Fig. 2. Repressive chromatin structure suppresses transcription from the HIV LTR
A) p50 homodimer bound to the LTR recruits HDAC1 which promotes deacetylation of
histones. Thus, nucleosomes form compact chromatin structure and prevent transcription from
the LTR. B) Inhibitors of HDAC1 (Valproic Acid and SAHA) which inhibit deacetylation of
histones and HMBA relieve this repressive effect. Relaxation of chromatin structure allows
the recruitment of preinitiation complex and phosphorylation of serine 5 of peptide repeats on
CTD of RNAPII (S5). In this form, RNAPII successfully initiates transcription. However,
transcriptionally active chromatin does not suffice for RNAPII to proceed to transcriptional
elongation. For this step, RNAPII has to be phosphorylated on serine 2 of CTD peptide repeats
(S2).
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Fig. 3. The role of host TFs in transcription from the HIV LTR
A) LTR is accessible for the recruitment of preinitiation complex, S5 is phosphorylated and
RNAPII initiates transcription. Lack of positive TFs (non-active NF-κB is bound in the
cytoplasm by IκB) results in insufficient transcriptional elongation. S2 is not phosphorylated
and HATs are not recruited to the promoter (deacetylated histones in Nuc-(+1)). B) Prostratin
and TNF-α increase levels of active NF-κB which results in the recruitment of HATs to the
LTR. Possibly, P-TEFb is recruited to the promoter and it phosphorylates S2. Acetylation of
histones by HATs relieve the transcriptional elongation block and leads to a suboptimal
activation of transcriptional elongation.
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Fig. 4. The role of viral protein Tat in transcription from the HIV LTR
A) LTR is accessible for the recruitment of preinitiation complex, S5 is phosphorylated and
RNAPII initiates transcription. Binding of NF-κB to the HIV LTR leads to the proceeding of
RNAPII through HIV genome to some extent, however, lack of viral protein Tat prevents
productive transcriptional elongation. B) Tat binds to TAR and recruits P-TEFb which in turn
phosphorylates S2. Also, Tat recruits some of the HATs (e.g. PCAF) which acetylate histones
following collapse of Nuc-(+1). This results in successful transcriptional elongation.
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Fig. 5. TI is a possible mechanism that directs latency
A) Active transcription from a host gene promoter interferes with transcription from
downstream HIV 5′LTR. Polymerase ‘reads through’ the 5′LTR and dissociates from DNA at
the polyadenylation signal in the 5′LTR resulting in a truncated form of mRNA. 3′ LTR is not
occluded and is available for the recruitment of the preinitiation complex and proceeding of
the transcription into the host gene. Transcription from the 3′LTR again results in a truncated
form of mRNA. B) Activation of the 5′LTR (NF-κB, Tat) overcomes TI. Transcription is
successfully initiated from 5′LTR. RNAPII proceeds through the HIV genome and terminates
at the polyadenylation signal in 3′LTR. In this case, 3′LTR is occluded and there is no
transcription from this LTR.
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Fig. 6. Latency resulting from post-transcriptional block
Viral genome is efficiently transcribed into full-length polyadenylated RNA. Aberrant
localization of US and MS RNA: (i) without viral protein Rev US RNA are not protected from
splicing and consequently, the full-length HIV RNA is not exported from the nucleus into the
cytoplasm, (ii) too low levels of host protein PTB result in nuclear localization of MS RNA.
Degradation of viral RNA: in the nucleus or in the cytoplasm viral RNA can be degraded by
viral or host miRNA.
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Table 1

Compound Effects on cells and roles in HIV latency IC50 Ref

IL-2 • - Mitogen of T CD4+ lymphocytes

• - Reduction of the latent pool in patients, but unable to eradicate
HIV

106 units per day
for 5 days

[49,50]

IL-7 • - Involved in memory T-cells homeostasis

• - More potent than IL-2 to activate HIV replication from resting
cells

• - Activates different HIV isolates compared with IL-2

10 to 20 ng/ml
(R&D)

[53]

Prostratin • - Activates NF-κB via the PKC pathway

• - Inhibits HIV replication in productively infected cells

• - Activates cells without induction of proliferation

• - Minimal side effects on primary cells ex-vivo

0.1 μM [54–57]

HMBA • - Involved in differentiation of erythroleukemia cells

• - Activates HIV replication in chronically infected cell lines

• - Removes nucleosome 1

1 mM [46]

EMBA • - Compound related to HMBA, with a lower IC50

• - Not tested for its role in HIV latency

100 μM [67]

SAHA • - Compound related to HMBA also known to be an HDAC
inhibitor

• - Tested clinically for cancer therapy

• - Not tested for its role in HIV latency

1 μM [68]

Valproic Acid • - Activates HIV replication in latently infected cell lines

• - Decreases the pool of latently infected cells in human patients
undergoing HAART by a mean of 70%

500 mg x2 daily in
patients

[43]

Tat • - Main transcriptional activator of the HIV genome

• - Pleiotropic effects, may activate many pathways and induce
TNF-α production

• - Intrisic propensity to penetrate any cell

• - A secreted form of the Tat protein localizes in all tissues of
transgenic mice at a concentration sufficient to activate HIV
replication in vitro

1 μg/ml of
recombinant Tat
protein
exogenously

[59–61]
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