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Abstract

The latency of resting HIV-1 in CD4+ T cells is the obstacle to complete
destruction of the virus in patients that have been given highly active antiretroviral
therapy (HAART). This latency occurs early during acute infection but remains silent in
the host cells; however it is still capable of making infectious proviruses if antiviral
therapy is stopped. The goal of HAART therapy is to reduce the replication levels of
HIV-1 to undetectable levels in serum of infected individuals. HIV-1 therapy involves
the use of multiple drugs because of the ability of the virus to easily acquire drug
resistance to an inhibitor. Resistance develops due to the diversity of HIV-1 genome
within several individuals. Gene therapy approaches have been shown to be somewhat
safer but have not been proven yet in human models. The process of HIV-1 latency is
multifactorial and involves several molecular pathways which are still being studied.
This study reviews HIV-1 latency as well as its therapeutic implication.
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Introduction

Human immunodeficiency virus type 1 causes symptoms of acquired immunodeficiency
syndrome, otherwise known as AIDS. Type 1 is the most common type of HIV
infection; a great percentage of the world is mostly affected with this form of HIV.
HIV-2 has a longer latent period between time of infection and effect as compared
with HIV-1. Structurally, both types have similar enzymes but differ in their genes. HIV-
2 is more common in West Africa [1]. Immunologically, HIV involves the destruction of
CD4+ lymphocytes, which are important for cell mediated immunity in healthy
individuals. When these lymphocytes are destroyed, it reduces its number in the body
thereby making individuals more susceptible to various opportunistic infections. Once
the CD4+ count is less than 200 per microliter, individuals are likely to develop AIDS [2].

HIV can result in the impairment of several organs in the body and even worsen the
survival of current diseases. One of the main problems in treating HIV is the latency period
associated with it. Treatment is aimed at reducing the replication by using several drugs
that could inhibit the HIV enzymes. Currently, over 30 non-identical anti-HIV drugs have
been accepted for use in the clinical setting to target varying steps in the viral life cycle [3].
The latency of resting HIV-1 in CD4+ T cells is the obstacle to complete destruction of the
virus in patients that have been given highly active antiretroviral therapy (HAART). This
latency occurs early during acute infection but remains silent in the host cells; however it is
still capable of making infectious proviruses if antiviral therapy is stopped [4,5].
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HIV is a T-cell lympho-tropic retrovirus that belongs to the
T-cell leukemia virus (HTLV) group. The virus is composed of
two positive-senses single-stranded RNA which are not linked
covalently, with the viral gene encoded in each of these RNA
copies. The genome consists of the following genes; gag, rev,
pol, vpr, vpu, vif, tat, nef, and LTR. These genes are also in HIV-
2 with the exception of the vpu gene. In HIV-2, the vpu gene is
replaced with a unique vpx gene that encodes a 16-kDa
protein [6,7]. Viral protein U (vpu) enhances the budding of the
virus particle from the host cell, with a 10 to 20% increase in
production. In addition, it enhances the destruction of CD4
proteins, thereby decreasing super infection and elongating
the life of the host cell a little longer. Research has shown that
“viral protein x" might have a relation to vpr which increases
the production of HIV proteins, but this has not been fully
proven. Moreover, the vpx gene has been seen to not have
much effect in HIV-2 because without the gene the virus
continues to function, replicate, and infect cells [8,9].

HIV-1 Life Cycle

The cycle starts with binding of the viral envelope protein
to receptor target cells of CD4 and CCR5. This binding allows
for fusion of the viral gp120 with the outer membrane of host
cell; as a result, viral particles enter the cell. Next, reverse
transcriptase forms one double-stranded viral DNA molecule; it
does this by replicating the RNA sequence in the virus. The
DNA of the virus becomes integrated in the nucleus of the host
DNA, which is then referred to as a provirus. The provirus works
as a base to form new viral RNA, after transcription, the new
viral RNA exit the nucleus of cells that were infected. The new
viral RNAs are translated into polypeptide chains that
eventually become the proteins and enzymes of the new virus
particles. Furthermore, the newly formed proteins, enzymes,
etc. are assembled on the outer membrane to prepare for
release. Lastly, the accumulated buds that were assembled are
cut from the membrane, allowing the release of the virus
particles. During the process of assembly, protease enzyme
breaks the polypeptide chains into many positions with a
purpose to make the viral particles more infectious. Once
particles are mature and released, it is capable of infecting new
host cells, thus repeating the cycle [10].

Antiretroviral Therapy for HIV-1 Infection

Highly active antiretroviral therapy aims to elongate
survival and decrease mortality rates of individuals infected
with the HIV virus. HAART consists of a combination of
several medications that are used in patients depending on
viral load and CD4+ cell count. The goal of this therapy is to
reduce the replication levels of HIV-1 to levels that should
not be detected in serum of infected individuals. There are
six classes drugs that are used to target enzymes at different
stage of HIV-1 life cycle; nucleoside reverse transcriptase
inhibitors (NRTIs), non-nucleoside reverse transcriptase
inhibitors (NNRTIs), protease inhibitors (Pls), fusion inhibitors
(FIs), chemokine receptor antagonists and integrase strand-
transfer inhibitors (INSTIs) [11].

The first group of drug to be approved was NRTIs, and
they form the backbone of HIV treatment because of the
favorable pharmacokinetic profile. These drugs are nucleoside
analogs, which include Zidovudine, Abacavir, Didanosine,
Emtricitabine, Lamivudine, Stavudine, Tenofovir DF, Tenofovir
AF, and Zalcitabine [12]. The mechanism of action involves
interruption of HIV replication by inhibiting reverse
transcriptase competitively; hence, terminating viral DNA
chain. NNTRIs are as well integral part of initial treatment
option in HIV-1 infection. They differ from NTRIs in that they
do not require phosphorylation to become active, but have
similar mechanism of action. Drugs in this category include
nevirapine, efavirenz, delaviridine, etravirine, and rilpivirine [12].
These drugs have activity against HIV-1.

Pls prevent cleavage of polypeptide precursors into
functional subunits and inhibit the assembly of new viruses
by competitively binding to HIV protease [13]. Although the
drugs in this category have similar mechanism of action, they
differ slightly in efficacy and pharmacokinetics. Integrase
inhibitors prevent the transport of proviral DNA and
attachment to host chromosomes. Low frequency of side
effects is observed with this group of drugs because humans
do not have homologue for HIV integrase [13]. Fusion
inhibitors prevent the exposure of the gp41 terminal domain
thus preventing insertion through the fusion peptide.
Chemokine receptor antagonists bind to either CCR5 or
CXCR4 coreceptors, thereby blocking viral entry [14].

Resistance

HIV-1 treatment involves the use of multiple drugs
because of the ability of the virus to easily acquire drug
resistance to an inhibitor. Resistance is due to the diversity of
HIV-1 genome within several individuals, this resistance results
in an increased replication of the virus with nature of RT and
recombination being error-prone. Though the continuous use
of HAART has shown significant improvement in the treatment
of HIV-1, the resistance of the virus to several drugs is still
emerging; thus creating a major issue with treatment.
Resistance of the virus does not only pertain to the use of
multiple drugs, it can also be due to drug toxicity in relation to
a poor adherence by the patient. Also, the transmission of new
infections can lead to failure of multiple drugs [15].

Identifying resistance to drug involves the use of a 3-step
process, nucleic acid analysis of HIV genome, determining
mutations related to drug resistance and creating a drug
resistant report [16]. Though there is no cure for HIV yet,
researchers are looking for ways to better understand the
mechanisms of HIV-1 replication, thus being able to discover
better therapeutic treatment.

Cellular Reservoirs/Nature of Cellular
Reservoirs

As defined by Van Lint, Bouchat, & Marcello, a viral
reservoir is an anatomical site or a cell type where the virus
remains for a longer duration of time and is competent to
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replicate [17]. Reservoirs for HIV are defined as the infected
cell that house dormant virus or where replication occurs at
low levels. According to Le Douce, Herbein, Rohr, &
Schwartz, the major cellular reservoir found in natural host
are memory CD4+ T cells, especially subsets of resting
central memory T cells (TCM), and translational memory T
cells (TTM) [18]. Although the frequency of infection in naive
T cells is less compared to memory T cells, these cells have
been demonstrated to house latent proviruses as well [19].

Several studies on detailed analysis of residual viremia
have shown that there are additional reservoirs. Tissue
macrophages which are also major targets in patients
infected with HIV-1 are possible reservoir for the virus
because of the presence of both CD4 receptors and co-
receptors CXCR4 or CCR5 on their surface [19]. It is
important to note that HIV-1 viruses in these cells are not
completely silent, but replicate at a lower rate. In contrast to
T-cells, macrophages extend the lifespan of the virus and
make them more resistant to apoptosis. HIV-1 has no
cytopathic effect on cells from the lineage of monocyte/
macrophage; as a result, these cells can house the virus
longer than T cells [17]. Also, most of the organ systems of
the body have macrophages, which make these cells capable
of distributing the virus throughout the body. The major
macrophages that have been known to harbor HIV-1 are the
central nervous system (CNS) resident macrophages, and
dendritic cells [19].

Resident macrophages of CNS are meningeal macrophages,
perivascular macrophages, microglia, and macrophages of choroid
plexus; these cells serve as reservoir for HIV-1 virus. Microglial
cells and perivascular macrophages are significantly important
clinically because infection of these cells is associated with
dementia seen in HIV-1 patients [19]. The turnover rate of
these two cells is low with perivascular macrophages having about
2-3 months turnover rate, and microglial cells several years;
this makes them important CNS reservoirs for HIV-1. The bridge
between innate and adaptive immune system is dendritic cell.
All subtypes of this cell, plasmacytoid dendritic cells, langerhans
cells, and myeloid cells, are prone to HIV-1 infection.

Another cell that has been speculated to contain latent
provirus is hematopoietic progenitor cells (HPC). This
conclusion was made from the observation that HIV-1
patients have hematopoietic abnormalities [19]. Studies have
shown that the virus infects multi potent HPCs, and latency
is established in these cells.

HIV-1 Latency

The process of HIV-1 latency is multifactorial and
involves several molecular pathways; although several
studies are still being conducted to better understand the
importance of each pathways involved [20]. Latency is a
reversible state of infection where production of viral nucleic
acid is low, but infected cells still possess the ability to
produce new viral particles. However, target cells must be
activated in order for productive infection to occur [21].

During HIV-1 infection, there's integration of viral
genetic material into host cells where they replicate. These
infected cells often produce infectious proviral DNA until
they are killed off by host immune system, majorly by T cells
or the virus itself. Also, several replicative-defective
proviruses are incorporated into the host genome as well
[22,23]. This integration allows for the persistence of HIV-1
genome within infected hosts. The biological processes that
drive the virus into latency and control repression of
transcription are broadly classified into two based on
chromosomal integration; pre-integration latency and post-
integration latency [22,23].

Pre-Integration latency

The prerequisite for favorable HIV-1 pathogenesis is
incorporation of viral DNA into host genome. Upon cellular
entry, RNA of the virus is transcribed into DNA via reverse
transcriptase. The DNA is assembled as pre-integration
complex (PIC) which compose of dsDNA and proteins; Vpr,
matrix, integrase and capsid [19]. It is the PIC that is
transported and incorporated into the nucleus of host cell
where it is taken into host genome. Efficacy problems during
the process of reverse transcription or problems with PIC
nuclear transport can give rise to pre-integration latency.
This form of latency is often seen in CD4+ T cells and
controlled majorly by interactions with host restriction
factors [19]. However, this only contributes a small fraction
to viral latency because T cells have very short half-lives of
about a day [13].

This form of latency is also observed in cells from the
lineage of monocyte/macrophage, and this has a major
contribution to both the persistence and dissemination of
HIV-1 in infected hosts. Vpr, which is an accessory HIV-1
protein is important for viral replication in these cells [18].
Hence, the deletion of this protein result in up to 10 times
decrease in viral transcription. Also, impaired nuclear
transport of PIC resulting from low level of ATP pool, and
low level of dNTP can contribute to inefficient transcription
of the provirus.

Post-integration latency

As the name suggests, this form of latency occurs after
the completion of integration into host genome. Several
molecular mechanisms play important roles in silencing
gene expression of the virus. According to Kumar et al. these
mechanisms include transcription gene silencing (TGS),
epigenetic gene silencing, and post-transcriptional gene
silencing [19]. The persistence and spread of HIV-1 is majorly
a result of post-integration latency. Latency of this form has
been described in both T-cells and cells of monocyte/
macrophage lineages. For CD4+ cells, post-integration
latency is mostly controlled by chromatin environment of
infected host [18]. In most cases, latency is established when
viral genome is integrated into repressive heterochromatin.
Although integration into active euchromatin can also be
responsible for establishment of viral latency especially when
there is transcriptional interference [18].
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HIV-1 Tat protein, a potent transactivator, has also been
described to be involved in the pathogenesis of post-integration
latency in infected cells. The lack of Tat transactivation results
in the restriction of HIV-1 transcription [18]. Activation of Tat
involves recruitment of positive transcription elongation factor
(pTEFb), which composes of proteins cyclin dependent kinase
9 (Cdk9) and cyclin T1 (CycT1). Expression of CycT1 is a
limiting factor for pTEFb function; hence, low cellular level of
this protein could result in lack of transactivation of Tat. In
addition, phosphorylation of CDK9 is essential for its normal
function in the differentiation of monocytes into macrophages;
hence, low levels of cellular ATP or conditions that prevent
phosphorylation of the protein could also result in inadequate
transactivation. Post-integration latency in monocyte/macrophage
lineage could result from lack or loss of function of tat
protein, the presence of transcriptional repressors, chromatin
environment influence, lack of transcriptional activators, and
mi RNA [18].

Genetic Markers

There are several cellular factors that influence the
latency of HIV-1 in infected host. Cellular transcription
factors, Tat, and miRNA have all been studied to contribute
to this phenomenon [20]. Proviral DNA of HIV-1 is enclosed
by long terminal repeats (LTR) at both 5" and 3’ ends. The
5'LTR acts as a transcriptional regulator because of the
presence of binding sites for several transcription factors
such as C-Myc, NF-kB, USF, AP1, COUP, TCF-1a, SP1 [19,24].
These factors act together to control the transcription of
HIV-1 provirus. SP1, for example, recruits C-Myc to the
5'LTR. This association result in further recruitment of
histone deacetylation 1 (HDACT), which prompts remodeling
of chromatin responsible for suppression of viral gene
expression. Other factors that recruit HDACs to the promoter
region of the provirus, hence causing latency include COUP-
TF interacting protein 2 (CTIP2), LSF, C-promoter binding
factor-1 (CBF-1), and YY1 [19,24].

Reactivation of Latent HIV-1 Proviruses

Initiation of transcription

There is a wide range of factors that can induce the
activation of proviruses ranging from cytokines, TNF-a, and
mitogens among others. These factors activate T-cell and
cause an effect in the gene expression of both host cell and
virus via signaling pathways. This signaling results in the
activation of cellular transcription factors, and ultimately
leads to HIV-1 transcription [25]. Several DNA binding
domains are present in the viral LTR which allows for
interaction of various factors. Of these factors, the important
ones required for HIV-1 replication are SP1 and NF-kB.

Depending on the member of Rel family that is bound to
NF-kB, it can serve as both transcriptional activator and
repressor [25]. Binding of NF-kB p50 homodimer to HIV LTR
promote recruitment of repressors which inhibits transcription
of provirus. Activation of T cells results in displacement of p50

homodimer by p50-RelA heterodimer which result in histone
acetylation; hence promoting transcriptional initiation. Studies
have shown that low levels of p50-RelA heterodimers cause a
reduced level of HIV-1 transcription. A member of the Rel family,
c-Rel serves as a competitive inhibitor of RelA binding site on
the LTR; hence, inhibits activation of HIV transcription [25].

HIV-1 gene expression can also be activated by
induction of AP-1 and NFAT by ligation of T-cell receptor.
NFAT has been shown to be an important factor in the
reactivation of latency especially in memory T cells, and
function via IL-7 dependent pathway [25]. HIV transcription
is also influenced by non-inducible transcription factors; LEF/
TCF1-a, USFA and Ets promote expression of HIV-1 provirus,
while HIV-1 transcription is repressed by the binding of YY1
factor [25].

Stimulation of RNA polymerase Il elongation

Upon initiation of transcription, several cellular proteins
are required to promote efficient expression of HIV-1
transcript. HIV-1 transactivating protein Tat plays a major
role to ensure effective elongation by Pol Il. Tat binds to the
5' region of the RNA transcript and induces the recruitment
of various cellular factors that promote efficiency of Pol II.
Transcriptional activity of Tat depends on its interaction with
P-TEFb (a cellular kinase comprised of CDK9 and CyclinT1
heterodimers). Binding of this protein to RNA Pol I
phosphorylates it and results in effective elongation process.
Fully spliced viral transcripts are exported out host nucleus
once transcription is complete. For Tor effective export, viral
protein Rev is required [26,27].

Pharmacological Approach to Eradicate
Latency

Most approaches to HIV-1 infections involves the use of
HAART to halt the replication of the virus thereby reducing
its clinical appearance, however, the problem with HAART is
its inability to target the latency within the genome of the
virus. This specific issue is the basis of therapeutic and
pharmacological approaches. Where ARTs fail to penetrate
sections, such as the CNS and gut-associated lymphoid
tissues, pharmacological approaches might succeed. Most
current pharmacological strategies involve the reactivation
of HIV expression within reservoir cells enabling vulnerability
to eliminate host immune response and viral cytopathic
effects [28].

The use of HDAC inhibitors (HDAC is) have been shown
to serve as an advantage in the pharmacology of HIV-1
latency. Because HDACis have been used for several years
for other medical issues including cancer, HDACis are being
improved for better use in HIV patients. This is mainly due to
its lipophilic nature thus having the ability to target certain
sections of the body like the CNS. Moreover, the use of VPA,
valproic acid in combination with ART was shown to decline
reservoir of HIV infected patients in 3 out of 4 patients.
Without combining ART, the efficiency of elimination of the
reservoirs was not as effective. Prostratin has also been
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shown to be effective in activating the expression of HIV
virus from latent infected cells. Combining HDACi with
prostratin has been shown to work hand in hand by down
regulating the expression of HIV receptors thus being able
to prevent the infection.

The use of 5-hydroxynaphthalene-1,4-dione (HN), has
been shown to induce latent infection without activating T
cell. Though studies have shown that this compound might
not be effective for clinical studies, researchers have proven
that compounds that activate NF-«kB but do not activate T
cells will have a better chance at eliminating the reservoirs of
the infection [28].

Other techniques aimed at reversing the latent state
include the use of chromatin reshaping components such as
T cell activators and differentiating agents, and acetylation
and methylation inhibitors. [29]. Recently, the use of
suberoylanilide hydroxamic acid SAHA that is an HDAC
inhibitor has been approved for use in clinical studies. Its
market name vorinostat is used to treat cutaneous leukemia
and has also shown to activate latent infected cells of HIV-1.
The drug has been shown to disrupt latent infection within
the reservoir of the resting CD4 positive cells. It aims at
acetylating histone 3 and transcribing HIV RNA in these
resting cells [29].

Another therapeutic approach involves immune based
therapies that aim at reactivation of compounds to improve
the removal of latent infected cells that have become
reactivated with an effort to enhance response to immunity.
Recently, the use of cytokines with interleukins 2, 7, and 15
in combination with ART is being tested to reverse the
negative regulators of immune activation. However, some of
the tests have been shown to yield adverse side effects [29].
Furthermore, gene therapy approaches have been shown to
be somewhat safer but have not been proven in human
models yet [29]. There is continuous ongoing research
aimed solely to eradicate the reservoirs of the virus but so
far clinical trials and models haven't been 100% successful.

Conclusion

Currently, the treatment of HIV-1 infection involves the
use of HAART, but this method does not completely
eradicate the virus from infected individuals. Recent studies
have identified the long-lived reservoirs of HIV-1 which
contribute to the persistence of the virus in patients, despite
treatment with antiretroviral therapy. As a result of the
presence of latency, there has been long-term toxicity
observed in patients on HAART. It is increasingly clear now
that HIV-1 latency is regulated by both viral and cellular
factors. It is essential to determine the various factors that
reinforce or antagonize latency, such as the role of
chromatin in viral latency, and the cellular natures of viral
reservoirs as well as agents that are capable of effectively
activating virus from latent reservoirs. Hence, before
complete viral eradication can be achieved, these reservoirs
must be eliminated through therapeutic approach.

A major goal in the field of HIV research is to identify a
safe and effective cure for the millions of people living with
HIV around the world. A cost-effective strategy for limiting the
spread of the virus and eliminating lifelong therapy can be
achieved when infected individuals can be permanently cured.
It is only through deeper knowledge that would make it
possible to discover effective combination therapies that
could completely eradicate latent reservoirs in infected
patients; hence, leading to complete cure for HIV-1 infected
patients.
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