
Trends
Pharmacologically induced expression
of latent virus is investigated as part of a
cure for HIV-1 infection.

Recent data from clinical trials show
that short-term administration of a
latency-reversing agent (LRA) may
increase HIV-1 transcription and
plasma HIV-1 RNA.

So far, reversal of HIV-1 latency by
histone deacetylase inhibitors has not
been associated with a reduction in the
size of the latent reservoir.

Possible explanations for the lack of an
effect on the size of the latent HIV-1
reservoir include insufficient immune
response against virus-expressing
cells, the presence of cytotoxic T lym-
phocyte (CTL) escape variants, and/or
an insufficient degree of latency rever-
sal achieved with current approaches.
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Here, the use of pharmacological agents to reverse HIV-1 latency will be
explored as a therapeutic strategy towards a cure. However, while clinical trials
of latency-reversing agents LRAs) have demonstrated their ability to increase
production of latent HIV-1, such interventions have not had an effect on the size
of the latent HIV-1 reservoir. Plausible explanations for this include insufficient
host immune responses against virus-expressing cells, the presence of escape
mutations in archived virus, or an insufficient scale of latency reversal. Impor-
tantly, these early studies of LRAs were primarily designed to investigate their
ability to perturb the state of HIV-1 latency; using the absence of an impact on
the size of the HIV-1 reservoir to discard their potential inclusion in curative
strategies would be erroneous and premature.

Shock and Kill
The introduction of combination antiretroviral therapy (cART) to treat human immunodeficiency
virus-1 (HIV-1) infection in the mid-1990s provided clinicians with a therapeutic opportunity to
suppress viral replication and restore the immune function of infected individuals. Initially, the
potency of cART even raised hopes that this treatment might be able to eradicate HIV-1 infection
after few years of therapy [1]. However, with the demonstration that a minute fraction of resting
memory CD4+ T cells carries quiescent but replication-competent provirus, it became clear that
this would not be the case [2,3]. The nonproductive infection in long-lived memory T cells most
likely occurs as a consequence of normal immunological physiology of the CD4+ T cell. Usually,
an infected cell dies rapidly due to viral expansion within the cell or owing to killing by the immune
system. However, when, in rare cases, a CD4+ T cell is infected as it is transitioning to a resting
memory state, this sets the stage for latent infection in a long-lived cell [4]. Alternatively, CD4+ T
cells may become infected directly in the resting state [5]. In the silent resting state such cells do
not produce any HIV proteins and, therefore, their infected status remains unrecognised by the
immune system and unresponsive to antiretroviral therapy (ART). This reversibly nonproductive
state of infection, denoted HIV-1 latency [6], constitutes a hiding mechanism by which HIV-1 may
persist for decades evading host immune responses and potent cART. Therefore, the devel-
opment of therapies capable of exhausting this latent viral reservoir, primarily residing within
long-lived CD4+ T cells, has become a highly prioritized goal in HIV-1 research.

One approach towards this aim, often referred to as ‘shock and kill’ [7], is characterized by the
use of pharmacological agents to reverse HIV-1 latency and turn on production of viral proteins in
latently infected cells, as this would theoretically expose such cells to killing by immune-mediated
mechanisms or viral cytopathic effects. A wide range of LRAs has been investigated in vitro and
ex vivo [8,9] with a few candidates being advanced to testing in experimental clinical trials
[10–20]. The focus of this article is to summarize and consider the results arising from recent
clinical trials in HIV-1 using LRAs. Specifically, we will discuss why these interventions have still
not shown any durable effect on the size of the latent HIV-1 reservoir, but we also argue that this
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should not deter us from further pursuing the shock and kill approach. Studies with LRAs were
primarily designed to investigate the effect of these drugs on the state of HIV-1 latency, that is,
their ability to deliver the shock, and should be evaluated accordingly. Multiple other barriers to
curing HIV-1 infection, including the presence of cytotoxic T lymphocyte (CTL) escape mutations
in archived virus, and waning CTL responses during chronic infection, require other or additional
interventions and must be addressed in separate studies.

Clinical Experiences with LRAs
The concept of eliminating latently infected CD4+ T cells through activating HIV-1 from latency
was initially tested using interleukin (IL)-2 and T cell activators such as anti-CD3 antibodies
(OKT3). However, IL-2 treatment did not consistently impact the latent HIV-1 reservoir, and
although the combined use of IL-2 and OKT3 caused a marked activation of the T cells, there
were unacceptable toxicities and also irreversible decreases in CD4+ T cells [21–23]. Rooted in
these experiments began a search for compounds capable of inducing HIV-1 expression
without causing global T cell activation; indeed, the absence of increases in T cell activation
marker expression became part of the drug screen investigations. Histone deacetylase inhibitors
(HDACi) appeared to match that profile, but, as discussed below, absence of T cell activation is
not characteristic for all HDACi.

By virtue of its capacity to inhibit histone deacetylases, though requiring very high concen-
trations for in vitro efficacy [24,25], valproic acid (VPA) was initially used to test this hypothesis in
clinical trials but showed no consistent effect on the latent HIV-1 reservoir [10–13]. Subse-
quently, vorinostat, an HDACi approved by the FDA for the treatment of cutaneous T cell
lymphoma [26], became the first potent HDACi to be tested in a clinical HIV-1 trial. In this study,
administration of a single dose of vorinostat to HIV-1 infected patients on suppressive cART led
to an almost fivefold increase in HIV-1 transcription as measured by cell-associated HIV-1 RNA
in resting CD4+ T cells [14]. Similar results were seen with daily vorinostat dosing for 14
consecutive days, although changes in HIV-1 transcription were measured in total rather than
resting CD4+ T cells [18]. By contrast, when vorinostat was given 3 days per week for 8 weeks,
this resulted in only modest increases in HIV-1 expression [15]. The anti-alcoholism drug,
disulfiram, initially discovered as a potential LRA in a drug library screen [27] and recently tested
for its effect on HIV-1 latency, also appeared to modestly increase HIV-1 transcription [16,20].
In addition, based on promising in vitro data [28], our group conducted a clinical trial with the
highly potent HDACi panobinostat, which was approved by the FDA in 2015 for the treatment of
multiple myeloma [29]. Panobinostat was added to suppressive cART thrice weekly every other
week for 8 weeks in 15 HIV-1 infected patients, which resulted in a significant increase in levels
of cell-associated unspliced HIV-1 RNA in CD4+ T cells. Moreover, in contrast to the vorinostat
studies, a significant increase in plasma HIV-1 detection rate, as assessed by a nonquantitative
assay, was seen during panobinostat treatment [17]. Even more compelling were the results of
a recent pilot study in which romidepsin infusions (5 mg/m2weekly for 3 weeks) led to increases
in plasma HIV-1, which, in five of six study participants, were readily quantifiable using a
standard clinical assay (Cobas Taqman®; detection limit of 19 copies/mL) [19]. Collectively,
these results demonstrate that we presently have access to pharmaceuticals that are capable
of inducing production of latent HIV-1 without causing significant toxicities. Still, none of the
studies conducted to date using HDACi or disulfiram has demonstrated a significant effect on
the size of the latent HIV-1 reservoir, measured as total HIV-1 DNA, integrated HIV-1 DNA, or
quantitative viral outgrowth. Also, plasma HIV-1 RNA rebound occurred within an expected
time frame in all patients undergoing analytical cART interruption following panobinostat
treatment [17]. However, while a direct effect of LRAs on the viral reservoir would clearly have
been a desirable result, using the absence of such an impact to discard the shock-and-kill
approach entirely would be erroneous and premature. As discussed below, there are several
possible potential explanations for the lack of an effect on the reservoir; future studies need to
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address these mechanisms to advance the field and to further explore whether reversal of HIV-1
latency might form part of a cure.

Why Successful Latency-Reversing Interventions Have Not Reduced the
Latent HIV-1 Reservoir
Understanding why reversing HIV-1 latency in clinical trials did not reduce the frequency of
latently infected cells will be key to developing new and more effective interventions. Several
barriers need consideration. First, activating HIV-1 expression in latently infected cells may not in
itself lead to the death of these cells if they remain in a resting state; boosting of CTLs may be
required for the elimination of virus-expressing cells [30]. By contrast, increases in the expression
of T cell activation markers, which is seen following treatment with some HDACi but not all
[28,31], may not be causally associated with HIV-1 expression but may be a direct pharmaco-
logical effect of HDACi on T cells. Second, CTLs play an important role in controlling HIV-1
replication during acute infection, but chronic infection is characterized by an impaired cytolytic
capacity of CD8+ T cells, which is not restored by cART [32]. Moreover, owing to the selection
pressure induced by CTLs and the high frequency of virus sequence evolution during uncon-
trolled replication, mutations that confer CTL resistance are quickly acquired and archived in
long-lived CD4+ T cells [33]. Indeed, it was recently shown that, in patients initiating cART more
than 3 months after HIV-1 infection, CTL escape variants completely dominated the latent viral
reservoir [34]. Third, it is possible that the extent of latency reversal currently achieved in clinical
trials is insufficient to mobilize significant proportions of the latent reservoir. At present we do not
have a good understanding of the correlation between inductions in cell-associated HIV-1 RNA
or plasma HIV-1 RNA during treatment with LRAs and the proportion of the reservoir that is
targeted by these interventions. For example, when plasma HIV-1 RNA is detected in the 100
copies/mL range following romidepsin infusion [19], it is unclear whether this corresponds to
having mobilized very little, say 1%, or a significant proportion, say 25%, of the inducible latent
reservoir. Additionally, it is unknown whether the shock provided by LRAs in vivo activates
previously transcriptionally silent proviruses or merely increases already ongoing low-level
proviral transcription. Finally, it must also be kept in mind that the great majority of HIV-1-
infected cells are located in the lymphoid tissues, primarily gut-associated lymphoid tissue and
lymph nodes, although other anatomical compartments such as the central nervous system
(CNS) may also constitute relevant reservoirs for HIV-1 [35–37]. Yet, clinical studies of LRAs have
primarily analyzed effects on HIV-1 production and reservoir size in circulating CD4+ T cells with
only few investigations directed towards tissue reservoirs [18,38]. Thus, there is limited knowl-
edge of the penetration of LRAs into lymphoid tissue and anatomical compartments potentially
harboring HIV-1, and of their virological effects. Future studies need to address these important
questions, the resolution of which may further illuminate why LRA interventions to date have
failed to reduce the size of the latent HIV-1 reservoir (see Outstanding Questions).

Latency Mechanisms Targeted with Current Approaches
The detailed mechanisms of HDACi effects on chromatin remodeling and HIV promoter acces-
sibility have been extensively reviewed elsewhere [39]. Results arising from clinical trials using
HDACi to reverse HIV-1 latency suggest that not all HDACi are equal. As illustrated in Table 1,
one of the most apparent differences between vorinostat on one side and panobinostat and
romidepsin on the other side is the clear effect on markers of T lymphocyte activation during
treatment with panobinostat and romidepsin. This effect on T lymphocyte activation was also
observed following ex vivo stimulation of both HIV-infected and healthy donor peripheral blood
mononuclear cells (PBMCs) [28,40] and, thus, is likely a direct pharmacological effect on T cells
rather than an effect secondary to increases in HIV-1 production. Disulfiram is mechanistically
distinct from the HDACi in that it depletes the phosphatase tension homolog (PTEN), resulting in
activation of the Akt signaling pathway [41]. Activation of Akt signaling results in nuclear factor-
kB (NF-kB) translocation to the nucleus creating a favorable milieu important for HIV reactivation
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Table 1. Clinical Trials of Latency-Reversing Agents

Drug Dosing
(doses)

HIV-1
Transcription
(fold >
baseline)

Plasma
HIV-1

Post Dosing
Viral Effect

T cell
Activation

Reservoir
Size

Refs

Vorinostat

Archin et al.
(2012)

400 mg (1) 4.8 No change NDc ND ND [14]

Elliott et al.
(2014)

400 mg
daily (14)

2.7 No change Yes No change No change [18]

Archin et al.
(2014)

400 mg
TIWc (22)

1.3 No change ND ND No change [15]

Panobinostat

Rasmussen
et al. (2014)

20 mg
TIW (12)

2.9 Increaseda Yes Increased No change [17]

Romidepsin

Sogaard
et al. (2015)

5 mg/m2 (3) 3.8 Increased No Increased No change [19]

Disulfiram

Spivak
et al. (2014)

500 mg
daily (14)

ND Increasedb Yes ND No change [16]

Elliot
et al. (2015)

Dose
escalation (3)

�2 Increased Yes ND ND [20]

aDetermined nonquantitatively by nucleic acid testing (NAT) using a transcription-mediated amplification (TMA)-based assay
(Procleix Ultrio Plus®, Novartis).

bThe subgroup of patients with a measurable metabolite had an increase in low-level viremia.
cAbbreviations: ND, not determined; TIW, three times a week.
[42] as well as in T lymphocyte activation and differentiation [43]. The impact of disulfiram on T
cell activation has not been investigated in vivo in the setting of HIV-1 infection, but no effect was
reported in primary T cell models of HIV latency [27]. An unexpected finding in HDACi clinical
trials in HIV-1 is a distinctive feature of post-dosing increases in virus production beyond the
dosing window and past the point where all direct measures of drug pharmacodynamics have
returned to baseline levels. Thus, one could speculate that LRA treatment impacts global T cell
homeostasis, elevating the dynamic transcriptional pattern of the proviruses. These observa-
tions further emphasize the need to dissect the transcriptional activity of the individual provirus in
order to study not only the steady state equilibrium, but also the direct LRA shock effect and
sustained long-term effects.

Optimizing Latency-Reversal Strategies
Until now, only well characterized drugs ‘borrowed’ from other medical fields have been tested
as LRAs in clinical trials and the potential for optimizing latency-reversal strategies is enormous
(Figure 1, Key Figure). Ideally, the proportion of latently infected cells induced to express HIV-1
proteins by LRAs in vivo should approach that seen with maximal T cell activation ex vivo. This
was indeed used as a benchmark in a recent ex vivo analysis in which levels of HIV-1 production
following stimulation with combinations of LRA were normalized to that seen with maximal T cell
activation using phorbol myristate acetate (PMA)/ionomycin. Interestingly, in contrast to
stimulation with any single LRA, combinations of certain HDACi and the protein C kinase
(PKC) agonist bryostatin-1 robustly induced HIV-1 transcription up to around 50% of that
achieved with maximal T cell activation [44]. However, whether it will be possible in the clinical
setting to achieve the same pharmacological pressure for a comparable duration without
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Key Figure

Optimization of Shock-and-Kill Therapies

Increases in LRA potency/tolerability ra�o

Improved delivery to target cells

Targe�ng several latency mechanisms
through combina�ons of LRAs

Combining LRA with
immunotherapy to enhance
killing of infected cellsHIV-1 reservoir

HIV DNA

HIV virion

(A)

(B)

(C)

Shock

Figure 1. The figure illustrates the total pool of cells latently infected with replication-competent HIV-1 (left side), and how
latency-reversing agents (LRAs) may activate production of HIV-1 transcripts and viral proteins (enlargement). Panels A, B,
and C are schematic representations of shock-and-kill approaches with various degrees of impact on the latent HIV-1
reservoir and indication of factors that may lead to improvement in shock-and-kill approaches. (A) Illustrates the extent of
latency reversal achieved with current LRA studies. (B) Illustrates how optimization of LRA interventions may enhance the
magnitude of latency reversal. (C) Illustrates how combinations of immunotherapy and LRAs may augment killing of latently
infected cells.
compromising safety is uncertain. Still, combining LRAs with different mechanisms of actions
may significantly increase in vivo effects. In addition to HDACi and disulfiram, which are mainly
discussed here owing to their inclusion in clinical trials, other classes of drugs capable of
reversing HIV-1 latency are concurrently investigated in preclinical studies. These include the
naturally occurring protein kinase C (PKC) agonist bryostatin-1, which can be isolated in small
quantities from the marine bryozoan Bugula neritina [45] and which displayed high potency for
inducing HIV-1 production ex vivo [44]. However, while bryostatin-1 has been employed in
clinical trials for malignancies [46], the first study in humans infected with HIV-1 is still awaited
(ClinicalTrials.gov, identifier NCT02269605). Other compounds showing promising potential
for reversing latency include PKC agonistic derivatives of ingenol ester and bromodomain
inhibitors, which exert their action by promoting recruitment of positive transcription elongation
factor (p-TEFb) to the HIV-1 promoter [9,47–49]. Also, by depleting cellular inhibitors of
apoptosis proteins, small-molecule antagonists referred to as Smac mimetics were recently
shown to reverse HIV-1 latency in vitro [50]. Finally, the Toll-like receptor (TLR) 7 and 9 [51]
agonists have attracted some interest in cure research lately. Specifically, the TLR7 agonist GS-
9603 induced repeated episodes of plasma viremia in a nonhuman primate study (http://www.
croiconference.org/sessions/treatment-tlr7-agonist-induces-transient-viremia-siv-infected-
art-suppressed-monkeys). The critical unknown questions are, of course, to what extent these
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molecules reverse latency in vivo and whether combinations of LRAs will maintain sufficient
tolerability to allow coadministration in humans.

Overall, improvements in the magnitude and/or breadth of latency reversal may be achieved
through:
� Dose adjustments
� Alternative dosing schedules
� Identification of more potent compounds
� Discovery of new latency mechanisms that can be targeted
� Indirect triggering of latently infected cells through activation of non-CD4+ immune cells, for
example, plasmacytoid dendritic cells

� Combination of LRAs with different mechanism of action.

We already have several indications that such adjustments could impact the success of latency-
reversal strategies. Examples include the dose–response relationship observed in the disulfiram
study [20], the significant increase in HIV-1 transcription from the first to the second dose of
romidepsin [19], the apparent difference in potency between HDACi [40,52], preclinical data
showing potent indirect latency reversal by TLR agonists (http://www.croiconference.org/
sessions/treatment-tlr7-agonist-induces-transient-viremia-siv-infected-art-suppressed-
monkeys), and in vitro studies demonstrating that combining LRAs with different mechanisms of
action, compared to any LRA used alone, has a much more pronounced effect on latently
infected cells [44,53]. However, for safety reasons, clinical testing of LRAs can only be con-
ducted step by step, and promising novel compounds obviously have to go through extensive
preclinical testing prior to being tested in humans. This latency-reversal optimization process
requires extensive in vitro, preclinical, and clinical testing, all of which are labour-intensive and
expensive. Without significant engagement from the pharmaceutical industry and funding
agencies, this process will likely take many years to complete. In addition, there are important
ethical considerations around whether or not new interventions require testing in animal models
before human trials. While novel compounds and high-risk interventions obviously need to go
through safety testing in animal models such as nonhuman primates or humanized mice, efficacy
measures in these models must be interpreted cautiously. No current animal model can replicate
the virological and immunological characteristics of HIV-1 latency as established during long-
term suppressive therapy, nor the complex effects in human infection of interventions designed
to reverse latency or enhance immune surveillance.

Combining Latency Reversal with Other Curative Strategies
While it seems questionable that short-term treatment with single LRAs is able to significantly
reduce the HIV-1 reservoir, trials showing significant increases in viral transcription during HDACi
treatment have provided grounds for optimism. This had led to the design and initiation of new
clinical trials combining HDACi with therapeutic HIV-1 vaccination or other immune therapy. In
line with the shock-and-kill approach, the idea here is to boost the ability of the immune system
to kill virus-expressing cells either prior to or during reversal of latency. Enhancement of antiviral
immune responses towards infected cells may be accomplished by boosting existing innate and
adaptive immune effector mechanisms, inducing novel immune responses, or by passive
immunization. Several approaches are being pursued. First, the recent discovery and use of
broadly neutralizing antibodies (bNAbs) holds great promise as a new treatment modality for
HIV-1 infections [54] and could facilitate the elimination of virus-expressing cells when combined
with LRAs. Indeed, in humanized mice, coadministration of the bNAb 3BNC117 and a cocktail of
LRAs delayed time to viral rebound, following ART discontinuation, as compared with antibody
alone [55]. Second, advances in HIV vaccine development may provide new tools for viral
clearance. Specifically, rhesus macaques vaccinated with rhesus cytomegalovirus vectors
expressing simian immunodeficiency virus (SIV) protein attained durable virological control.
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Outstanding Questions
What proportion of the inducible latent
HIV-1 reservoir is targeted by current
LRAs in vivo?

What is the impact of LRAs on persis-
tent HIV-1 in lymphoid tissues, other
anatomical reservoirs, and/or immune
privileged sites?

How do we best assess efficacy of
LRAs in clinical trials?

What is the optimal dosing schedule for
LRAs – continuous versus intermittent?

Will prolonged exposure to LRAs lead
to an increased effect or will the effect
wane over time (e.g., due to autoregu-
lation of gene transcription)?

Which immune effector mechanisms
represent the most optimal target for
enhancement in order to augment kill-
ing of virus-expressing cells?
Remarkably, despite manifest SIV infection, immunological and virological signs of infection were
lost during follow up, suggesting that viral reservoirs may be eliminated through vaccine-
mediated continuous immune surveillance [56]. Third, bi-specific antibodies which stimulate
T cell activation and HIV-1 expression through CD3 engagement while also facilitating immune-
mediated lysis by binding HIV-1 antigens with high specificity, have the potential to be effective
new agents to eliminate latently infected cells [57,58]. Finally, drugs capable of altering cell death
pathways [59] and the use of monoclonal antibodies that block immune checkpoints are also
explored as strategies to enhance elimination of infected cells [60]. Results of coming clinical
trials testing these concepts will be extremely informative in terms of estimating the total impact
of LRAs on the inducible HIV-1 reservoir as well as establishing the immune effector mechanisms
necessary to eliminate infected cells expressing HIV-1 proteins.

Concluding Remarks
Nevertheless, the key to advancing latency reversal as part of a curative strategy for HIV-1 will be
to demonstrate, in a randomized trial, persistent reduction in the size of the latent reservoir and a
prolonged time to re-emergence of virus in plasma upon cART discontinuation. This would be
considered an important indication of our ability to significantly impact the latent HIV-1 infection,
but still only an intermediate result in the absence of a sustained clinical benefit for the infected
patient. With the impressive efficacy of cART, the ultimate goal in cure-related research cannot
be anything less than a complete cure for HIV-1 infection or at least a permanent state of ART-
free disease remission. If reversal of HIV-1 latency is to be part of the strategy towards this goal,
potent and well-tolerated LRAs as well as effective immune therapy must be developed.

References

1. Perelson, A.S. et al. (1997) Decay characteristics of HIV-1-infected

compartments during combination therapy. Nature 387, 188–191

2. Chun, T.W. et al. (1997) Presence of an inducible HIV-1 latent
reservoir during highly active antiretroviral therapy. Proc. Natl.
Acad. Sci. U.S.A. 94, 13193–13197

3. Finzi, D. et al. (1997) Identification of a reservoir for HIV-1 in
patients on highly active antiretroviral therapy. Science 278,
1295–1300

4. Siliciano, R.F. and Greene, W.C. (2011) HIV latency. Cold Spring
Harb. Perspect. Med. 1, a007096

5. Anderson, J.L. et al. (2014) Entry of HIV in primary human resting
CD4(+) T cells pretreated with the chemokine CCL19. AIDS Res.
Hum. Retroviruses 30, 207–208

6. Eisele, E. and Siliciano, R.F. (2012) Redefining the viral reservoirs
that prevent HIV-1 eradication. Immunity 37, 377–388

7. Deeks, S.G. (2012) HIV: Shock and kill. Nature 487, 439–440

8. Shang, H.T. et al. (2015) Progress and challenges in the
use of latent HIV-1 reactivating agents. Acta Pharmacol. Sin.
36, 908–916

9. Darcis, G. et al. (2015) An in-depth comparison of latency-revers-
ing agent combinations in various in vitro and ex vivo HIV-1 latency
models identified Bryostatin-1+JQ1 and Ingenol-B+JQ1 to
potently reactivate viral gene expression. PLoS Pathog. 11,
e1005063

10. Lehrman, G. et al. (2005) Depletion of latent HIV-1 infection in vivo:
a proof-of-concept study. Lancet 366, 549–555

11. Archin, N.M. et al. (2008) Valproic acid without intensified antiviral
therapy has limited impact on persistent HIV infection of resting
CD4+ T cells. AIDS 22, 1131–1135

12. Archin, N.M. et al. (2010) Antiretroviral intensification and valproic
acid lack sustained effect on residual HIV-1 viremia or resting CD4+

cell infection. PLoS ONE 5, e9390

13. Routy, J.P. et al. (2012) Valproic acid in association with highly
active antiretroviral therapy for reducing systemic HIV-1 reservoirs:
results from a multicentre randomized clinical study. HIV Med. 13,
291–296

14. Archin, N.M. et al. (2012) Administration of vorinostat disrupts HIV-
1 latency in patients on antiretroviral therapy. Nature 487, 482–485
96 Trends in Microbiology, February 2016, Vol. 24, No. 2
15. Archin, N.M. et al. (2014) HIV-1 expression within resting CD4+ T
cells after multiple doses of vorinostat. J. Infect. Dis. 210, 728–735

16. Spivak, A.M. et al. (2014) A pilot study assessing the safety and
latency-reversing activity of disulfiram in HIV-1-infected adults on
antiretroviral therapy. Clin. Infect. Dis. 58, 883–890

17. Rasmussen, T.A. et al. (2014) Panobinostat, a histone deacetylase
inhibitor, for latent-virus reactivation in HIV-infected patients on
suppressive antiretroviral therapy: a phase 1/2, single-group, clin-
ical trial. Lancet HIV 1, e13–e21

18. Elliott, J.H. et al. (2014) Activation of HIV transcription with short-
course vorinostat in HIV-infected patients on suppressive antire-
troviral therapy. PLoS Pathog. 10, e1004473

19. Sogaard, O.S. et al. (2015) The depsipeptide romidepsin reverses
HIV-1 latency in vivo. PLoS Pathog. 11, e1005142

20. Elliott, J. et al. (2015) Short-term disulfiram to reverse latent HIV
infection: A dose escalation study. Lancet HIV 2, e520–e529

21. Stellbrink, H.J. et al. (2002) Effects of interleukin-2 plus highly
active antiretroviral therapy on HIV-1 replication and proviral
DNA (COSMIC trial). AIDS 16, 1479–1487

22. van Praag, R.M. et al. (2001) OKT3 and IL-2 treatment for purging
of the latent HIV-1 reservoir in vivo results in selective long-lasting
CD4+ T cell depletion. J. Clin. Immunol. 21, 218–226

23. Chun, T.W. et al. (1999) Effect of interleukin-2 on the pool of
latently infected, resting CD4+ T cells in HIV-1-infected patients
receiving highly active anti-retroviral therapy. Nat. Med. 5,
651–655

24. Archin, N.M. et al. (2009) Expression of latent HIV induced by the
potent HDAC inhibitor suberoylanilide hydroxamic acid. AIDS Res.
Hum. Retroviruses 25, 207–212

25. Matalon, S. et al. (2010) The histone deacetylase inhibitor ITF2357
decreases surface CXCR4 and CCR5 expression on CD4(+) T-
cells and monocytes and is superior to valproic acid for latent HIV-
1 expression in vitro. J. Acquir. Immune. Defic. Syndr. 54, 1–9

26. Mann, B.S. et al. (2007) FDA approval summary: vorinostat for
treatment of advanced primary cutaneous T-cell lymphoma.
Oncologist 12, 1247–1252

27. Xing, S. et al. (2011) Disulfiram reactivates latent HIV-1 in a Bcl-2-
transduced primary CD4+ T cell model without inducing global T
cell activation. J. Virol. 85, 6060–6064

http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0305
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0305
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0310
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0310
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0310
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0315
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0315
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0315
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0320
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0320
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0325
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0325
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0325
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0330
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0330
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0335
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0340
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0340
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0340
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0345
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0345
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0345
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0345
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0345
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0350
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0350
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0355
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0355
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0355
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0355
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0360
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0360
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0360
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0365
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0365
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0365
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0365
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0370
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0370
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0375
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0375
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0375
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0380
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0380
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0380
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0385
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0385
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0385
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0385
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0390
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0390
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0390
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0395
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0395
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0400
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0400
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0405
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0405
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0405
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0410
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0410
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0410
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0410
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0415
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0415
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0415
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0415
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0415
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0420
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0420
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0420
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0425
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0425
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0425
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0425
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0430
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0430
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0430
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0435
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0435
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0435
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0435


28. Rasmussen, T.A. et al. (2013) Comparison of HDAC inhibitors in
clinical development: Effect on HIV production in latently infected
cells and T-cell activation. Hum. Vaccines Immunother. 9,
993–1001

29. Laubach, J.P. et al. (2015) Panobinostat for the treatment of
multiple myeloma. Clin. Cancer Res. 21, 4767–4773

30. Shan, L. et al. (2012) Stimulation of HIV-1-specific cytolytic t
lymphocytes facilitates elimination of latent viral reservoir after virus
reactivation. Immunity 36, 491–501

31. Reardon, B. et al. (2015) Dose-responsive gene expression in
suberoylanilide hydroxamic acid-treated resting CD4+ T cells.
AIDS 29, 2235–2244

32. Hersperger, A.R. et al. (2010) Perforin expression directly ex vivo
by HIV-specific CD8 T-cells is a correlate of HIV elite control. PLoS
Pathog. 6, e1000917

33. Borrow, P. et al. (1997) Antiviral pressure exerted by HIV-1-spe-
cific cytotoxic T lymphocytes (CTLs) during primary infection dem-
onstrated by rapid selection of CTL escape virus. Nat. Med. 3,
205–211

34. Deng, K. et al. (2015) Broad CTL response is required to clear
latent HIV-1 due to dominance of escape mutations. Nature 517,
381–385

35. Yukl, S.A. et al. (2010) Differences in HIV burden and immune
activation within the gut of HIV-positive patients receiving sup-
pressive antiretroviral therapy. J. Infect. Dis. 202, 1553–1561

36. Chun, T.W. et al. (2008) Persistence of HIV in gut-associated
lymphoid tissue despite long-term antiretroviral therapy. J. Infect.
Dis. 197, 714–720

37. Churchill, M.J. et al. (2009) Extensive astrocyte infection is promi-
nent in human immunodeficiency virus-associated dementia. Ann.
Neurol. 66, 253–258

38. Rasmussen, T.A. et al. (2015) Activation of latent human immu-
nodeficiency virus by the histone deacetylase inhibitor panobino-
stat: a pilot study to assess effects on the central nervous system.
Open Forum Infect. Dis. 2, ofv037

39. Barton, K.M. et al. (2014) Selective HDAC inhibition for the disrup-
tion of latent HIV-1 infection. PLoS ONE 9, e102684

40. Wei, D.G. et al. (2014) Histone deacetylase inhibitor romidepsin
induces HIV expression in CD4 T cells from patients on suppres-
sive antiretroviral therapy at concentrations achieved by clinical
dosing. PLoS Pathog. 10, e1004071

41. Doyon, G. et al. (2013) Disulfiram reactivates latent HIV-1 expres-
sion through depletion of the phosphatase and tensin homolog.
AIDS 27, F7–F11

42. Williams, S.A. et al. (2007) Sustained induction of NF-kappa B is
required for efficient expression of latent human immunodeficiency
virus type 1. J. Virol. 81, 6043–6056

43. Salminen, A. and Kaarniranta, K. (2010) Insulin/IGF-1 paradox of
aging: regulation via AKT/IKK/NF-kappaB signaling. Cell Signal.
22, 573–577
44. Laird, G.M. et al. (2015) Ex vivo analysis identifies effective HIV-1
latency-reversing drug combinations. J. Clin. Invest. 125, 1901–
1912

45. Ramsdell, J.S. et al. (1986) Three activators of protein kinase C,
bryostatins, dioleins, and phorbol esters, show differing specific-
ities of action on GH4 pituitary cells. J. Biol. Chem. 261, 17073–
17080

46. Plimack, E.R. et al. (2014) A phase I study of temsirolimus and
bryostatin-1 in patients with metastatic renal cell carcinoma and
soft tissue sarcoma. Oncologist 19, 354–355

47. Jiang, G. et al. (2015) Synergistic reactivation of latent HIV expres-
sion by ingenol-3-angelate, PEP005, targeted NF-kB signaling in
combination with JQ1 induced p-TEFb activation. PLoS Pathog.
11, e1005066

48. Spivak, A.M. et al. (2015) Ex vivo bioactivity and HIV-1 latency
reversal by ingenol dibenzoate and panobinostat in resting CD4+ T
cells from aviremic patients. Antimicrob. Agents Chemother. 59,
5984–5991

49. Boehm, D. et al. (2013) BET bromodomain-targeting compounds
reactivate HIV from latency via a Tat-independent mechanism. Cell
Cycle 12, 452–462

50. Pache, L. et al. (2015) BIRC2/cIAP1 is a negative regulator of HIV-
1 transcription and can be targeted by Smac mimetics to promote
reversal of viral latency. Cell Host Microbe 18, 345–353

51. Winckelmann, A.A. et al. (2013) Administration of a Toll-like recep-
tor 9 agonist decreases the proviral reservoir in virologically sup-
pressed HIV-infected patients. PLoS ONE 8, e62074

52. Bullen, C.K. et al. (2014) New ex vivo approaches distinguish
effective and ineffective single agents for reversing HIV-1 latency
in vivo. Nat. Med. 20, 425–429

53. Reuse, S. et al. (2009) Synergistic activation of HIV-1 expression
by deacetylase inhibitors and prostratin: implications for treatment
of latent infection. PLoS ONE 4, e6093

54. Caskey, M. et al. (2015) Viraemia suppressed in HIV-1-infected
humans by broadly neutralizing antibody 3BNC117. Nature 522,
487–491

55. Halper-Stromberg, A. et al. (2014) Broadly neutralizing antibodies
and viral inducers decrease rebound from HIV-1 latent reservoirs in
humanized mice. Cell 158, 989–999

56. Hansen, S.G. et al. (2013) Immune clearance of highly pathogenic
SIV infection. Nature 502, 100–104

57. Sung, J.A. et al. (2015) Dual-affinity re-targeting proteins direct T
cell-mediated cytolysis of latently HIV-infected cells. J. Clin. Invest.
125, 4077–4090

58. Pegu, A. et al. (2015) Activation and lysis of human CD4 cells
latently infected with HIV-1. Nat. Commun. 6, 8447

59. Badley, A.D. et al. (2013) Altering cell death pathways as an
approach to cure HIV infection. Cell Death Dis. 4, e718

60. Porichis, F. et al. (2011) Responsiveness of HIV-specific CD4 T
cells to PD-1 blockade. Blood 118, 965–974
Trends in Microbiology, February 2016, Vol. 24, No. 2 97

http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0440
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0440
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0440
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0440
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0445
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0445
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0450
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0450
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0450
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0455
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0455
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0455
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0455
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0460
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0460
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0460
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0465
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0465
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0465
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0465
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0470
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0470
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0470
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0475
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0475
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0475
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0480
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0480
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0480
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0485
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0485
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0485
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0490
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0490
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0490
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0490
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0495
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0495
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0500
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0500
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0500
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0500
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0505
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0505
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0505
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0510
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0510
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0510
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0515
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0515
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0515
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0520
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0520
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0520
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0525
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0525
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0525
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0525
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0530
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0530
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0530
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0535
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0535
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0535
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0535
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0540
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0540
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0540
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0540
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0540
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0545
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0545
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0545
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0550
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0550
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0550
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0555
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0555
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0555
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0560
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0560
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0560
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0565
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0565
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0565
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0570
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0570
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0570
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0575
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0575
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0575
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0580
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0580
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0585
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0585
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0585
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0590
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0590
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0595
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0595
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0600
http://refhub.elsevier.com/S0966-�842X(15)00265-�6/sbref0600

	Reversal of Latency as Part �of a Cure for HIV-1
	Shock and Kill
	Clinical Experiences with LRAs
	Why Successful Latency-Reversing Interventions Have Not Reduced the Latent HIV-1 Reservoir
	Latency Mechanisms Targeted with Current Approaches
	Optimizing Latency-Reversal Strategies
	Combining Latency Reversal with Other Curative Strategies
	Concluding Remarks
	References


