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Abstract- Human immunodeficiency virus-1 (HIV-1) Tat induces the replication of HIV by alleviating the transcription of viral genes. Tat is re- |
leased from HIV infected cells and it modifies the functions of uninfected cells. HIV infected cells enter the brain through BBB. In the brain, Tat
induces neuronal damage and leads to neuroAIDS. Oxidative stress is believed to play an important role for causing HIV-dementia. NeuroA-

IDS is more common in aged HIV positive adults and drug abusers.
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Introduction

HIV-1 is the retrovirus which has affected almost 34 million people
all around the globe. HIV-1 is prevalent more in low and middle
income countries and it is also spreading in children [1]. HIV-1 can
be classified into three major groups- M, N, O and subgroups- A to
K [2]. The HIV genome, has three structural genes (gag, pol, env),
two regulatory genes (tat and rev) and four auxiliary genes (nef,
vpu, vpr, and vif) [3]. Nearly 35% of the people infected with HIV are
suffering from HIV-1 associated dementia (HAD) and it is more
serious in drug abusers. Upon the administration of Highly Active
Antiretroviral Therapy (HAART) on HIV positive patients, their life
span increases but they might have more chances of having neuro-
logical disorders as HAART is effective in reducing the viral replica-
tion but it is unable to destroy the viral reservoirs in the brain [4,5].
In the condition of HAD, infected macrophages and monocytes
enter the Central Nervous System (CNS) and spread leading to
neuronal damage neuronal damage in brain cells [6]. Post-mortem
studies on brain tissues have shown, that all the disorders occur
due to the increase in levels of proinflammatory cytokines like tumor
necrosis factor-a (TNF-a) and interleukin (IL-1B), PAF, excitatory
amino acids mainly glutamate, soluble viral proteins and chemo-
kines. The in vivo and in vitro studies have suggested that there is
involvement of these factors as mediators of neuro-degeneration.
HIV mainly affects the macrophages/microglial cells during the ini-
tial stage of viral replication in CNS. A small fraction of astro-cytes
are also affected but the virus entry and replication in these cells is
not possible. The role of these infected astrocytes is not well under-
stood. Till now there is no proof stating that the neurons are affect-
ed by HIV but the neuronal damage is surely caused by the indirect
mechanisms like neurotoxins released by HIV infected cells. One of
the main neurotoxin which acts as the transactivator re-leased by
the infected cells is HIV Tat which plays a crucial role in develop-
ment of HAD [7,8]. Another HIV protein Nef is also known to have a
role in the growth and development of virus cells by protect-ing the
infected cells from apoptotic signals in the brain [9].

Oxidative Stress and its Connection to Dementia

Oxidative stress is the alteration and change which occurs due to
the reactive oxygen species (ROS). Oxidative stress occurs due to
the imbalance between the anti-oxidant and pro-oxidant molecules
[10]. The ROS are highly reactive and toxic molecules, such as
peroxyl radical, hydrogen peroxide, hydroxyl radical, super oxide
anion and peroxynitrite. The half-lives of ROS molecules vary from
nanoseconds for the hydroxyl radicals to few seconds for peroxyl
radicals and nitric oxide. It has been observed that protein oxidation
is seen more in the brains of HIV infected patients suffering from
mild or severe dementia compared to non-dementia patients. Oxi-
dative stress and activation of cytokine receptors leads to the eleva-
tion in the levels of sphingomyelin and ceramide which are signifi-
cant mediators for causing neuronal apoptosis. Therefore, oxidative
stress may be much higher in HIV associated dementia patients
compared to non-dementia patients.

Oxidative Stress and Antioxidants

To counteract the hazardous effects of ROS, there are antioxidant
molecules, like glutathione reductase, glutathione peroxidase, gluta-
thione transferase, S-methyl transferase, superoxide dismutase,
and catalase. Small, non-protein cellular anti-oxidants such as vita-
min C, vitamin E, glutathione, carotenoids, flavonoids, uric acid and
thioredoxin provide protection against ROS molecules. Glutathione
(GSH) is the main antioxidant molecule which plays a crucial role in
maintaining the balance in redox reactions. The biosynthesis of
Glutathione is decreased by Tat, which may affect many cellular
functions. In human monocytes derived lymphocytes and macro-
phages, GSH hinders the viral replication in vitro. In HIV patients
the antioxidant levels are altered, so they suffer from oxidative
stress which leads to dementia [11].

Tat, the Transcriptional Transactivator Gene

Tat is a multifunctional transcriptional transactivator protein of 101
amino acids encoded by the tat gene which consists of two exons: 1
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and 2 [12]. Tat gene promotes replication by more than two times
compared to normal replication rate. Tat protein over takes the host
RNA polymerase Il elongation machinery by interacting with posi-
tive transcription elongation factor, P-TEFb. It attaches mainly with
cyclin T1 subunit of P-TEFb along with the T-loop of the Cdk9 subu-
nit. Tat induces significant conformational changes in P-TEFb which
leads to stimulation of HIV mRNA elongation [13] [Fig-1]. Tat pro-
tein is released by HIV infected cells in to the extracellular space,
cerebrospinal fluid and sera. Tat binds to the RNA base-paired
stem loop structure called transactivation response region (TAR)
[14]. Studies have reported the presence of Tat in brains of HAD
patients by Western and southern blot analyses [15]. In HIV-1 in-
fected patients, neurons are not affected much but still notable neu-
ronal loss and dysfunction occurs. Astrocytes secrete Tat, which
provides the protection from cellular injury. So Tat protein is over-
expressed in people suffering from HIV.

Fig. 1- Displaying HIV-1 in human brain. Tat gene in HIV genome
encodes for Tat protein which follows a complex mechanism and
interferes with the host factor leading to neurological disorders.

HIV Entry into the Brain through BBB

It is still not clear whether the detected Tat is secreted by the infect-
ed cells present in CNS which includes macrophages, microglia and
astrocytes or it is particularly transported to the brain beyond the
Blood brain barrier (BBB) from the sera. BBB is the separation be-
tween the circulating blood and the brain for the protection of the
brain from infection and toxicity. The integrity of BBB is lost when
infected monocytes/macrophages enter the BBB during immune
surveillance [16,17]. These infected macrophages in turn secrete
various toxins and chemotactic agents which recruit more cells
which leads to increased infection in the brain. This happens due to
the altered expression of adherens junction (AJ) and tight junction
(TJ) proteins in BBB. All the different types of CNS cells like oli-
godendrocytes, macrophage, astrocytes, neurons, and microglia
can be certainly infected by HIV-1 as they have receptors and co-
receptors for HIV-1 entry but only microglia and macrophages are
mostly infected [18].

Tat Induced Dementia

Tat causes the apoptosis in neurons. Tat promotes N-Methyl-D-
aspartate (NMDA), Lipoprotein Receptor related Protein (LRP), and
postsynaptic density protein-95 (PSD-95) receptors and form a
macromolecular complex which cause neuronal disorders [19-22].

Tat modulates NMDA only in the presence of zinc. Tat induces p53
and p73 proteins which are transcription factors in neuroAIDS and
cause apoptosis of neuronal cells [23]. Studies suggests that HIV-1
clade B and C Tat proteins have differential roles in the neuropatho-
genesis of HAD [7].

Role of Tat in Neurotoxicity

Tat activates neuronal nitric oxide synthase (NNOS) by associating
it with NMDAR through PSD-95. nNOS is activated by calcium flux
through the NMDAR leading to NO production which is necessary
for the apoptosis of neurons [24]. It has been studied that NO toxici-
ty starts by interacting with cytochrome C in the mitochondria which
results in the production of ONOO- which damages the DNA and
mitochondrial membrane. This production leads to mitochondrial
dysfunction and swelling, along with release of cytochrome C and
calcium. It is shown experimentally that NO triggers the p38 MAPK
pathway which leads to cell death. In vitro Tat treatment of mouse
neurons showed the activation of both the JNK MAPK and p38
pathways, although, only p38 MAPK pathway was requisite for Tat
induced toxicity. However Tat induced caspase 3 activation was
greatly reduced by blockage of JNK MAPK pathway but still neu-
ronal viability did not change specifying that neither the caspase
activity nor the JNK pathway is required for Tat induced toxicity [8].

Indirect Neurotoxicity of Tat

In CNS, the microglias are the primary cells which are attacked by
HIV [25,26]. Tat activates microglia that leads to release of various
inflammatory mediators like chemokines and cytokines, reactive
nitrogen and oxygen molecules which brings other inflammatory
cells to the brain [27-29]. TNF-a enforces the glutamate secretion
from astrocytes and prevents them to further uptake the glutamate.
This promotes the build-up of glutamate in the proximity of neurons,
NMDA receptors gets hyper activated, increased influx of calcium,
and ultimately leads to cell death. HIV-1 gp120 protein has been
reported to hinder the ability of astrocytes to transport the glutamate
leading to the defect that prevents the transcription of excitatory
amino acid transporter -2 (EAAT2), glutamate transporter gene
[30,31]. Astrocytes are activated by Tat, which promotes the ex-
pression of inducible nitric oxide synthase (iNOS). This results in
excessive formation of nitrous oxide (NO) that reacts with superox-
ide anion (O2-) and forms neurotoxic peroxynitrite (ONOO-) in HIV
infected macrophages. Tat gene induces Tat protein and TNF-a
which induces the production of quinolinic acid (QUIN) that acti-
vates NMDA receptor.

Tat and the Drugs Abuse

Psychoactive drugs (like cocaine, morphine and methamphetamine)
abusers are reported to have more critical disease conditions com-
pared to non-drugs abusers [32]. Psychoactive drugs alter the in-
tegrity of BBB and acts as cofactors for HIV-infection which leads to
influx of infected monocytes/macrophages into the brain [33]. Ac-
cording to recent studies opiate drugs elevate the production of
inflammatory cytokines by astrocytes intensify the neuronal degen-
eration in opiate abusers [34-40].

Conclusions

HIV infects CNS cells of human brain and causes neuroAIDS. From
the last 30 years, many different strategies and methods have been
applied for combat against neuroAIDS. The infection caused by HIV
-1 associated neuroAIDS is long-lasting and many areas of the
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brain are affected. NeuroAIDS is more prevalent in aged HIV posi-
tive adults and associated drug abusers and in these patients virus
replication occurs at a faster pace. HAART is effective in reducing
the viral replication but it is unable to destroy the viral reservoirs in
the brain. Inspite of HAART, 50% of HIV-1 positive adults are suf-
fering from HAD. Glutamate and its receptors play a crucial role in
the apoptosis of neurons during neuroAIDS. Therefore, targeting
the glutamate transport pathway may be promising for the treatment
of HAD. A novel, infallible and improved drug strategy like nanother-
apeutics could be used to treat Tat mediated neuroAIDS. In addition
Oligopeptide based vaccines can also be a promising solution
against neuroAIDS.
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