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Summary

A common target of all viruses in general and RNA viruses in
particular is nucleolus, a dynamic sub-cellular organelle that employs
the apoptosis-antagonizing transcription factor (AATF) as its
surveillance sensor. It is in this context the AATF RNome, that holds
AATF coding transcript and regulatory non-coding miR-2909 within
its fold, assumes importance because of its ability to tailor cellular
response against a given sensed viral-dependent host-cell nucleoli
subversion. This phenomenon is exemplified by the ability of HIV-1 to
conspicuously target AATF RNome that ensures cellular antiviral
defense through the initiation of CCL5 and RIG-1 signaling response
as well as by regulating chromatin dynamics to restrict HIV-1 latency.

AATF RNome: Evolution & Surveillance Nature
Human AATF/ Che-1 RNome finds its origin from the genomic-

segment of about 108 Kb size that maps on Chromosome 17 at 17
q11.2- q12. Interestingly in the same chromosomal region, there are
several genes encoding proteins that either have binding affinity for
nucleic acids or act as chemokine’s including CCL5 [1]. AATF RNome
assumed importance because it holds AATF coding transcript and
regulatory non-coding micro-RNA designated as miR-2909 within its
fold to exhibit circadian rhythmical behavior [2-4] as a result of
epigenetic cross-talk between RNome and master-genes responsible for
the regulation of host immunity, energy metabolism and cellular
oncogenic/oncostatic activities [2-6] (Figure 1). AATF encoding
transcript gives rise to phosphoprotein, containing 558 amino acids,
that not only is highly conserved from yeast to man but is expressed in
all human tissues with stronger expression in brain, heart, thymus,
kidney and placenta [1,7].

A new dimension was added by the finding that established a direct
link between the ultra-structural features of AATF-mutated embryos
and paucity of ribosomes, polyribosomes and rough endoplasmic
reticulum [8] thereby raising the possibility that AATF protein may be
involved in one more aspect of the ontogenic control governing the
embryonic development. Further, the conspicuous presence of AATF
protein within nucleus especially co-localized with nucleoli reinforced
the view that AATF protein may also function as a nucleolar stress-
sensor [9] for tailoring the cellular response against a given sensed
stress.

Several studies have indicated a crucial role of AATF in the cellular
DNA damage response (CDDR) responsible for the maintenance of
genomic integrity through the cell cycle arrest followed by DNA repair
and promote necroptosis if the damage is too severe [7,10].

AATF protein has been shown to act as a molecular-switch that
connects the pathways regulating cell cycle progression, arrest and
survival by inhibiting the p53 dependent transcription of pro-
apoptotic genes, such as Puma, Bax and Back [11,12]. However, AATF

protein is required for p53 transcription as well as the stability of p53
protein [13,14]. Ectopic expression of the AATF protects cells from
endoplasmic reticulum (ER) stress – mediated apoptosis whereas its
depletion increases the percentage of apoptotic cells as a result of ER-
stress [7].

Figure 1: Regulatory “Cross-Talk” between AATF genome encoded
AATF protein and miR-2909 is mediated through their effecter
master-genes responsible for the regulation of cellular energy
metabolism and host immune response. AATF protein ensures
sustained expression of miR-2909 by NFkB activation through its
ability to induce Akt gene expression directly as well as Bmi-1 gene
indirectly. AATF protein also ensures sustained expression of IFN-γ
that indirectly controls the expression of miR-2909 leading to the
modulation of its effecter genes coding for Rig-1, CCL5, IFN-γ & β,
UCP2 & APOBEC3G. The miR-2909 also ensures sustained
expression of NFkB & RIG-1 pathway through its ability to repress
CYLD gene expression.

Recently, AATF has been demonstrated to protect cells from
apoptosis induced by hyper-osmotic stress, hypoxia, glucose
deprivation and ER-stress [7]. AATF protein was found to have dual
role in the cell cycle regulation because of its ability to displace
HDAC1 not only from the Rb-E2F complex resulting in E2F-
dependent cell cycle progression but also from SP1 transcription factor
responsible for p21 expression thereby ensuring cell proliferation from
G1-S phase as well as growth arrest at G1-phase of the cell cycle [1].
AATF Interactome also contains transcriptional co- activator acetylase
p 300 which has the capacity not only to acetylate p53 on its lysine
residues to prevent MDM2 –induced degradation of p53 protein but
also to enhance transactivation of several steroid hormones receptors
in a hormone–dependent manner [15,16] .
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Using STAT3 as an interacting partner, AATF was found to induce
the transcriptional expression of Akt1 gene which, in turn, was
responsible for regulating genes coding for KLF4, MDM2, C-myc,
NFkB and IFN-γ [17-21]. Interestingly, the transcriptional factors E2F
and C-myc were found to induce the expression of AATF and
polycomb group protein Bmi-1 [22,23]. It is pertinent to note here that
Bmi-1 ensured sustained NFkB activation [24]. KLF4 was found to
suppress SP1-dependent genes [23,25] coding for AATF, Bmi-1 and
mitochondrial uncoupling protein (UCP2). One arm of the AATF
RNome encoding for AATF protein ensures sustained expression of
miR-2909 by the activation of NFkB through Akt as well as Bmi-1
gene-products [26,27]. Bmi-1 protein also influences p53 protein
stability whereas, the second arm of AATF RNome depicted by
miR-2909 ensures regulation of genes coding for Bmi-1, AATF, UCP2,
CCL5, CYLD, RIG-1, IFN-γ, IFN-β and APOBEC3G [2-6].

AATF RNome & HIV-1: “Victor” or “Victim” Game
The most conspicuous human intra-cellular structure that is

subverted by RNA viruses is the nucleolus, a dynamic sub-nuclear
structure responsible for ribosome biogenesis, cell-stress responses and
the regulation of cell growth [28]. one of the most well-studied viruses
in terms of viral-dependent host-cell nucleoli subversion is HIV which
has well define cytoplasmic and nuclear replication strategies involving
reverse transcription of positive–sense RNA genome within the
cytoplasm follow by trafficking into the nucleus, where the new
genome is transcribed and trafficked back to the cytoplasm [29].

Several evidences exist to support the view that RNA viruses use the
nucleolus to enhance viral replication, either by interacting directly
with proteins such as nucleolin, or altering host cell transcription,
translation and possibly the cell cycle [28,29]. Nucleolin is the most
characteristic protein of nucleolus and has been shown to shuttle from
nucleolus to the nucleoplasm, cytoplasm and the plasma membrane
[28] through its Ability to undergo many post-translational
modifications, including phosphorylation, glycosylation and
acetylation [28,29]. In addition to nucleolin’s role in ribosome
biogenesis in the nucleolus , it participates in many essential cellular
processes, such as chromatin remodeling, DNA recombination and
replication, RNA transcription and processing, mRNA metabolism,
cell proliferation, , cytokinesis and apoptosis [29]. Nucleolin plays an
important role during different life cycle stages of both RNA and DNA
viruses thereby contributing to the virus associated pathogenesis
[28,29].

A new dimension was added to the nucleolar biology by the finding
that AATF has the ability to acts as a novel nucleolar stress sensor [9]
and was found to be exclusively localized in the nucleolus , where it co-
localized with two well-known nucleolar markers such as nucleolin
and B23 [9]. It is pertinent to note that HIV-1 genome encoded
microRNA designated as hiv1-miR –H1 (Figure 2) was conspicuously
able to suppress AATF gene expression [30] by targeting its exon-1
(Figure 2).

However, an additional target of hiv-1-miR-H1 in the intronic-
region between Exon-11 & -12 of the AATF gene intrigued us to
explore this region for the existence, if any, of a novel microRNA that
many have the ability to target HIV-1 genome. Such a study indeed,
revealed the existence of a novel miRNA (initially named as hmiR-
Che-1 and now designated as miR-2909) that has the inherent capacity
to target HIV-1 genome encoded hiv1-miR-H1 as well as Vpr gene [31]
(Figure 2). surprisingly, there are not only about ten HIV-1 integration

sites within the intronic- region separating Exon-11 from Exon-12 of
the AATF gene but also these integration sited are spanning the DNA –
sequence that encodes miR-2909 (Figure 2) thereby revealing as to why
it is critical for HIV-1 to suppress AATF gene expression together with
to neutralize the cellular defense armour in the form of miR-2909
encoded by the AATF genome [31]. At this stage, it is interesting to
note that miR-2909 has the inherent capacity to restrict the HIV-1
induced CD4+ lymphopenia, by regulating the expression of antiviral
genes coding for APOBEC3G, CCL5, AATF, R1G-1, IFN-β, IFN-γ and
UCP2 [2-6,21] (Figure 1).

Several findings have suggested that UCP2 initiates aerobic-
glycolysis by shunting pyruvate out of mitochondria through
decoupling of glycolysis from aerobic- respiration [32]. Hence it
becomes apparent that cyclic regulation of cellular energy metabolism
from aerobic respiration to aerobic glycolysis would have been
impossible to achieve without the existence of AATF RNome within
human cells, which holds AATF mRNA and miR-2909 within its fold.
However, flux of aerobic- glycolysis within primary CD4+T-cells not
only helps HIV-1 virion production but also increases the sensitivity of
the infected cells to the virus- induced cell death. Increased AATF
expression ensures sustained expression of miR-2909 as well as IFN-γ
which, in turn, ensures aerobic- respiration as well as miR-2909
RNomics contributing to the production of antiviral such as CCL5,
R1g-1, IFN-β and IFN-γ [2-6,21] (Figure 1).

This phenomenon explains as to why it is essential for HIV-1 to
target AATF gene which has the inherent capacity to restrict this viral
entry and replication by its interaction with nucleolar proteins as well
as ability to activate cellular antiviral defense armour comprising of
CCL5 and Rig-1 signaling required for normal mitochondrial aerobic
respiration [2-6,33]. Further, HIV-1 latency has posed major hurdle in
devising various prevention or curative measures. Histone deacetylase
inhibitors have, recently, shown promise in reactivating HIV-1
reservoirs [34]. In this context also, AATF Interactome assumes
importance because AATF is known to displace HDAC and recruit co-
activators p300 to various promoters in human genome [15]. Hence
HIV-1 dependent suppression of AATF gene may contribute to HIV-1
latency as well as pathogenesis of AIDS.

Concluding Remarks
Human cellular AATF genome has evolved to emerge as a “Master

Epigenetic-Switch” that governs major cell decisions involving cell
cycle progression, check point control, apoptosis and nucleolus –
directed tailored immune response to a given sensed “Alarmin”. All
viruses in general and RNA viruses in particular, have developed not
only fatal affinity for nucleolus but also strategies to disable its antiviral
arsenal in the form of AATF genome that encodes AATF transcript
and non-coding transcript maturing into miR-2909. This view is in
conformity with the love & hate relationship that exists between HIV-1
genome and the host cellular AATF genome (Figure 2). Hence
functional stability of AATF genome may provide novel protective
armour against RNA viruses.
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Figure 2: The hiv1-miR-H1, encoded by 3’ LTR region of the HIV-1
genome , targets human cellular AATF gene not only at the Exon-1
to suppress its expression but also in the intronic- region separating
its Exon-11 from Exon-12. This hiv1-miR-H1 intronic target-region
encodes a microRNA designated as miR-2909 that has the inherent
capacity to target hiv1-miR-H1 genome. Interestingly, there are
about ten HIV-1 integration sites within this intronic-region (of
AATF gene) spanning the DNA-sequence that encodes miR-2909.
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