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HIV-1 Nef: hacker of the host cell

“Studies ure sfill being curried out to understund
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with various cellulur proteins that result in host
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HIV-1 is a deadly virus that causes AIDS and is
responsible for devastating lives globally over the
last three decades [1]. HIV-1 has three structural
genes (gag, poland env), two regulatory genes (tat
and rev) and four accessory genes (vif, vpu, vprand
nef). These work together to invade and degrade
the host cell machinery, causing fatal disease. Of
this group, one important gene is z¢f (which codes
for the Nef protein), which has been an impor-
tant focus for studies since 1988 (Ficure 1). Initially,
Nef was thought to play a negative role, possibly
inhibiting viral replication, but later studies have
shown it to be necessary for enhancing viral load-
associated infection, and inhibiting infected cell
death. It has been shown that HIV-1 Nef plays
a vital role in CD4 downregulation, MHC-I
downregulation, CD28 downregulation and
T-cell activation, which eventually contribute to
disease progression [2]. Studies are still being car-
ried out to understand the fine mechanisms used
by Nef to interact with various cellular proteins
that result in host cell arrest, which make Nef so
aggressive and make HIV an effective virus.

Introduction to HIV-1 Nef
Nefis a tiny (206-amino acid) myristoylated pro-
tein that expresses early in the viral replication
cycle and has a significant role in viral replication
and pathogenesis. Even though no significant
enzymatic functions of Nef have been reported,
it is well-known to have interaction with several
host cellular proteins (e.g., Pak2, Vav and Rac)
(3]. Experiments using mouse models and Rhesus
macaques have proved the importance of Nef,
as models infected with Nef-deleted mutants
did not display the typical disease progression
towards clinical AIDS. Nef alters cellular path-
ways by acting as a multifarious molecular adap-
tor protein, with multiple conformations. It is a
manipulator of protein trafficking, signal trans-
duction cascades and apoptotic pathways that are
mediated by a symphony of protein interactions
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with host cell factors. It modulates components
of the endocytic sorting and T-cell receptor
signaling machineries, and also host adapter
proteins like Vav, Pak-2, Rac, CDC42 and the
DOCK2-ELMOI complex, resulting in altera-
tion of signal transduction pathways [4]. Nef also
inhibits apoptosis by modulating p53- and ASK1-
involved apoptotic pathways [5]. Nef removes
CD4 from the cell surface, which may interfere
with viral budding. It also binds to Gag—Pol and
AIPI (a critical intermediate in the formation of
multivesicular bodies), which contributes to the
egress of viral particles from already-infected
cells, such as via budding. Nef removes MHC-I
from the cell surface, which makes it impos-
sible for the cytotoxic T lymphocytes (CTLs)
to recognize infected cells via peptides presented
on MHC-I [¢]. The downregulation of MHC-I
decreases the efficiency of killing of HIV-1-
infected cells by CTLs [7]. Nef expression in early
viral life cycle stages contributes to the two most
important attributes of HIV-1 infection; T-cell
activation and the maintenance of a stable state
of infection. Its absence may completely prevent
the development of AIDS, as Nef expression is
an important requisite for efficient HIV-1 repli-
cation in the infected host cells, which suggests
that it is a valid target for antiretroviral activity.

¢ studies have shown (Nef) to
be necessury for enhancing viral loud-
ussociuted infection, und inhibiting
infected cell deuth.”

The multifarious activities of Nef in taking
over host cells

Nef is thought to increase the basal state of
T-cell activation, and it may also inhibit or
activate signaling events. A combination of
these effects helps Nef to prevent premature
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Figure 1. Schematic representation of the structure of HIV (outside), exhibiting its genome

and Nef protein (inside).

activation-induced death of infected cells while
simultaneously elevating their eligibility for
HIV-1 replication. Nef increases the rate of
CD4 endocytosis and lysosomal degradation.
Extensive studies done on Jurkat T-cell lines
showed that Nef expression negatively affects the
induction of NF-kB. However, results obtained
in Nef transgenic mice showed that Nef elevates
T-cell signaling, which supports the evidence
that it has pleiomorphic effects on T-cell activa-
tion that totally depend on the circumstances of
expression [8]. Nef stimulates HIV infectivity, as
virions produced in the presence of Nef, which is
then packed into them and later cleaved by viral
proteases, are ten-times as infectious compared
with Nef-depleted virions [9].

In HIV-1-infected macrophages, Nef induces
the release of soluble factors (sSICAM-1 and
sCD23), which stimulate the B-cell-mediated
process of changing non-cycling T cells into
cells permissive for enhancing viral infection and

increasing the substrate lymphocyte population
10]. Nef co-expresses with endogenous Hek (tyro-
sine kinase) and leads to cellular transformation
that activates myeloid lineage. Nef has a specific
role in internalization of CD28 co-stimulatory
molecule, which is necessary for T-cell activa-
tion. It restricts the interaction of Nef-expressing
T cells with APCs, which in turn hastens viral
spread due to the enhanced movement of infected
T cells [11].

|Arresting cell migration

Nef has also been reported to inhibit cell motil-
ity by phosphorylating the cofilin (conserved
actin-depolymerizing factor), which is required
in unphosphorylated form, and hence altering
cellular kinase Pak2 function [12], which pro-
motes motility, thereby indirectly restricting
the T-lymphocyte migration. This serves as a
valid strategy to invade the human immune
system [13].
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Induction of apoptosis: a smart move
HIV-1 Nef induces apoptosis in infected immune
cells via the expression of Fas (CD95) and Fas
ligand (CD95L), and Nef-induced CD95L-
mediated killing of uninfected cells has also been
reported. CD95L helps in evasion of the immune
system by causing the apoptosis of HIV-specific
CTLs. Association of Nef with ASK1 enhances
the ability of Nef to alter the intracellular envi-
ronment of infected host cells by enhancing their
resistance to Fas- and TNFo-mediated apoptosis
(14]. One of the most interesting properties of Nef
is its interaction with the p53 tumor-suppressing
protein via its N-terminus, which destabilizes
p53, leading to a decrease in its proapoptotic,
transcriptional and DNA-binding activities, and
indeed protecting HIV infected cells from under-
going p53-mediated apoptosis. Additionally, Nef
protects the infected cell by blocking external
death signals coming from CTLs via the inhi-
bition of ASK1, and also internal death signals
via the phosphorylation of Bcl-2-associated death
promoter protein [15].

. Nef expression is un important
requisite for efficient HIV-1 replicution
in the infected host cells, which
sugyests that it is u valid target for
untiretroviral uc’rivi’ry.”

Anticipated drug targets

When considering Nef-based vaccines, CD4
might serve as the best target to be disrupted by
an antiviral, whereas MHC-1 downregulation
might not be as good an option, because blocking
this function does not impact pathogenesis signif-
icantly. Insufficient knowledge about Pak2 acti-
vation may be one of the hindrances to using Nef
as a popular vaccine target. Novel approaches,
including miRNAs produced in HIV-1-infected
cells that suppress both Nef function and HIV
virulence through RNAi pathway, are also on
the list.
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HIV-1 Nef: hacker of the host cell

Necessity of the hour: Frequent
Operation in Racing against Cruel

Nef-mediated Egress (FORCE)

Nef has been shown by various studies as one of
the most important factors helping HIV to hack
the cell machinery, but it is still not a perfect
helper. A necessary characteristic for a hacker is to
be unidentifiable, but Nef lacks this. Despite hav-
ing so many properties, Nef is readily identifiable,
and this shortcoming may be well used against it.
Several novel epitopes have been found [saxexa sk
ETAL.,UNPUBLISHED DATA], which mlght serve as poten-
tial drug targets, and alternative strategies to con-
quer hacking of the cells and control mechanisms
in Nef-mediated pathways should be devised. But
all this is not a one-man show, and the current
need is for a global, united effort. Interdisciplinary
research efforts should be more encouraged, and
synchronization between virologists, molecular
biologists, system biologists, biochemists, immu-
nologists, industry experts, medical intellectuals
and policy makers is most desirable. This basic
research needs a globally applied platform to face
the problem, which may be provided with the
involvement of in silico research approaches that
may help in forecasting the future of designed vac-
cine candidates, as several vaccines tend to fail in
clinical trials due to lack of proper understanding,
Synthesis of novel research and re-evaluation of
already-available data may one day be seen as a
milestone in the battle against HIV. A great sense
of urgency is required to address this matter.
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