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Abstract

Once HIV-1 enters the target cell, the first goal in the viral cycle is to integrate into the cellular
chromosomes. The irreversible integration as a provirus allows HIV-1 to persist in the infected cell in
a quiescent or latent stage that leads to viral escape from immune response and current antiviral
treatment. HIV-1 replication is absolutely dependent on different cellular and viral factors that initiate viral
expression, acting at the long terminal repeat of the integrated provirus. Accordingly, HIV-1 induces
changes in the cellular environment to make possible an efficient replication and production of viral
progeny. One main instigator of HIV-1 replication is the viral requlator Tat, which is absolutely required
for efficient transcription and elongation of viral transcripts. For this purpose, Tat recruits several
cellular proteins to make the chromatin structure accessible for the transcription machinery, to acquire
the posttranslational modifications essential for its function, and to produce efficient viral replication.
However, the host cell has also several antiviral mechanisms that may act at different steps of the viral
cycle to thwart HIV-1 replication. To level the match, HIV-1 encodes accessory proteins, such as Vif
and Vpu, which play important roles in HIV-1 pathogenesis by counteracting cellular antiviral factors.
The increasing knowledge of viral protein interactions with host cell factors will be essential for the
discovery of new targets that could be used to design new therapeutic strategies. (AIDS Rev. 2010;12:103-12)
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|ntroduction

As with other lentiviruses, HIV-1 must be integrated
into host cell chromosomes to acquire permanent res-
idence as a provirus. This proviral stage allows HIV-1
to remain silent inside the infected cell, undetectable
for the immune response and current antiviral treat-
ment. Once integrated, HIV-1 provirus can subse-
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requires the concerted action of different transcription
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factors, as well as the RNA polymerase Il (RNAPII) and
associated transcription machinery, to produce full-length
viral mMRNA that will be translated into viral proteins.
However, efficient viral gene expression represents only
the second major step in the viral cycle because an
additional process of protein assembly, viral budding,
and transmission of fully infective particles is still required
to assure viral propagation in the infected host.

plex mechanisms of viral and
ftermeasures have been de-
veloped during the virus-host co-evolution. On the one

@?@(@@%ﬁsﬂs@ch as Tat or Nef can modify cel-

lular gene expression' and change host cell respon-

t["‘??? llef (?qﬁjﬂull2 in order to turn the

infected host cells into efficient viral factories. On the

the virus must overcome several cellular
Of the pﬁﬁéﬁ Jchanlsms that may act at different steps of

the viral cycle. The outcome of the match will depend
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In this review, the role of different molecular mecha-
nisms involved in HIV-1 integration, genome expres-
sion, and viral infectivity will be examined from a dou-
ble-sided perspective: their role as mechanisms of
viral restriction and their function in facilitating the dif-
ferent steps of the HIV-1 lifecycle.

Cellular mechanism modifying retro-
transcription and provirus integration

Once the viral core is released into the cytoplasm,
the viral reverse transcriptase (RT) retro-transcribes
the viral genome to form linear, double-stranded cDNA
(dscDNA)? that is included in a pre-integration complex
(PIC) along with viral proteins such as integrase, RT,
matrix protein, and Vpr (viral protein R)*. The PIC trans-
ports the lentiviral dscDNA through intact nuclear pores
to the nucleus, where the viral DNA lingers until the
conditions are optimal to be integrated in the cellular
chromosomes®. This stage of the viral lifecycle can be
overcome by two main mechanisms: the presence of
APOBEC (apolipoprotein B- mRNA-editing enzyme-
catalytic polypeptide-like) proteins and the structure of
the chromatin at the site of integration.

Efficient retro-transcription is restricted
by APOBEC proteins

The APOBEC cytidine deaminases are innate antivi-
ral defenses that potently inhibit HIV-1 replication by
inducing lethal hypermutations based on C—U conver-
sion in the viral minus-strand cDNA during reverse
transcription®’. APOBEC3G was the first member of
this family identified as antiretroviral factor® and it dis-
plays the most potent anti-HIV-1 activity®. Other mem-
bers such as APOBEC3F'°, 3H'!, and 3B may also
inhibit HIV-1 replication. APOBEC3G and 3F expres-
sion is highly upregulated by interferon (IFN)-o. or IFN-y
in human peripheral blood mononuclear cells (PBMC)'S.
In non-activated CD4+ T-cells, APOBEC3G remains as
an enzymatically active lo IepLaiFTm@s

hinders the accumulation of reverse transcripts upon

r Sh@U

form would explain the inability of HIV-1 to replicate in
resting T-cells, along with low nucleotide pools and
adenosine triphosphate levels®, and its ability to repli-
cate in activated T-cells. Unfortunately, this mechanism
has not been further elucidated.

To be fully functional, APOBEC3G should be pack-
aged into the newly synthesized virions from infected
cells’™® (Fig. 1 A). Once incorporated in the virions,
APOBEC3G remains inactive by the viral genomic RNA
because it is enzymatically active only on single-
stranded DNA'. Following viral entry, reverse tran-
scription is initiated and plus-stranded cDNA is synthe-
sized™. At this step, virion-associated APOBEC3G
attacks the newly synthesized minus-strand cDNA, in-
ducing non-viable C—U hypermutations all over the
length of the viral genome®”.'%, However, APOBEC3G
may only exert its antiviral activity in the absence of the
viral accessory protein Vif (virion infectivity factor)'®
because Vif neutralizes APOBEC3G in the productive-
ly infected cell by three major mechanisms®%?! (Fig. 1
B): first, Vif binds to APOBEC3G and recruits Cul5-E3
ubiquitin ligase complex that mediates the polyubiqui-
tylation of APOBEC3G and its degradation®>25. This
mechanism is counteracted by protein kinase A-medi-
ated phosphorylation of APOBEC3G, which reduces its
binding to Vif and the subsequent degradation in the
proteasome?®. Second, Vif impairs the translation of
APOBEC3G mRNA?"-%?, likely due to the fact that Vif
can bind APOBEC3G mRNA with high affinity®®. And
finally, Vif competes with APOBECS3G for binding to
viral components like the nucleocapsid domain of Gag
and viral genomic RNA, preventing APOBEC3G from
being incorporated in virions.

Cytidine deamination activity is not the only antiviral
mechanism of APOBEC3G, 3F, and 3H'"3-% as dem-
onstrated by the fact that APOBEC3G-mediated C—U
hypermutations do not correlate with viral load or CD4+
T-cell count3435. These cytidine deaminase-indepen-
dent mechanisms are not well known, but some alter-
Eﬂiives have been proposed: first, different allelic vari-

EC%EI&H @JNFMVS H186R have been related to

higher viral loads, decreased CD4* T-cell levels, and

viral cellular entry. After T-cell ¢<@pﬁ@1d&ﬂ’@@@t@r @ @’p@a@@@wmg\ms%. Second, it has been pro-

low-molecular mass complexes assemble into high-

posed that intracellular APOBEC3G and 3F may some-

molecular mass complexWiﬁW@ %ﬂﬁg;@@e V\?Ogi?tggﬁfegevrimtﬁgli@sﬁembly, causing morpho-

activity'*'®. This suggests that ac
molecular mass forms would represent a rest](i tion for
the progress of the infection in resting C@4+CF&
whereas in activated lymphocytes, inactive high-mo-

lep

c anges in the viral core®'. Finally, Mariani, et

1.2/ .showed that APOBEC3G-mediated deamination of
Llé @r{d cDNA does not stop viral reverse tran-
scription, but uracil mutations are responsible for viral

SO RaaRyerRUbliestions 2070 T



Mayte Coiras, et al.: Dual Role of Host Cell Factors in HIV-1 Replication

A) In the absence of Vif: B) In the presence of Vif:
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Figure 1. APOBEC3G and Vif interplay. A: In the absence of Vif, APOBEC3G binds to the 5’ end of viral mRNA during virus assembly and

is packed into the newly synthesized-Virions.  FolleWwing viral-é i y c transeription is initiated and plus-stranded
cDNA is synthesized. APOBEC(;gg(TaTtt:I@7 mﬁmléyrgjjm WM@ﬁﬁ@ emjgﬁs;ﬁq C—U hypermutations all over
the length of the viral genome. B: In the presence of Vif, APOBEC3G is inhibited by reducing its levels and half-life. First, Vif may reduce
the translation of mRNA encoding for APOBEC3G; gﬁf mre, g (;x‘bic_ﬁg mﬁ POBEC3G and recruits the Cul5-E3 ubiquitin ligase
complex, which mediates the proteolysis of APOBEC”in t te 7 Thi: anism is counteracted by protein kinase A-mediated

phosphorylation of APOBEC3G, which reduces its binding to Vif and the subsequent degradation in the proteasome. Viral particle do not
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Open structure of the chromatin
and several cellular factors
are necessary for HIV-1 integration

The site of proviral integration is critical to promote ef-
ficient transcription. Integration is a highly restrictive pro-
cess that occurs preferentially into chromosomal regions
rich in intronic sequences of expressed genes where the
viral transcription may be assured®. Host factors such
as lens epithelium-derived growth factor (LEDGF/p75),
high-mobility group protein B1 (HMG1), and emerin®38-40
are necessary to facilitate the provirus integration. The
LEDGF/p75 acts as chaperone of the viral integrase to
promote viral integration*’; HMG1 binds to the viral
dscDNA, altering its conformation maybe by joining the
two ends of the viral cDNA together in the catalytically
active PIC%®. Emerin increases the integration efficiency
by improving the viral DNA localization to the chromatin®?.
The opening of the chromatin conformation and nu-
cleosome 1 remodeling near the long terminal repeat
(LTR) located at the 5’ end of the viral genome, which act
as enhancer and promoter sequences, are also indis-
pensable prerequisites for the provirus integration3”43,

Host cell and viral factors
that modulate HIV-1 transcription

After the provirus has been successfully integrated
into the cellular chromosome, HIV-1 replication begins
when the cellular transcription machinery can be re-
cruited to the LTR once the open chromatin structure
allows access to the proviral DNA.

Cellular and viral factors modify
accessibility to the chromatin site
containing the provirus

The accessibility to the chromatin and to the LTR is
greatly dependent on the post-translational modifioa—
tions of the histone tails suc]&las acetyl tlon ethy-
lation. Hyper-acetylation of 3
transferases (HAT) induces the opening of the

chromatin structure and famhtﬁ@pﬂ@d@@@tﬂi/ of [N

the basic transcription machinery and viral transcription,

whergas hypo-acetylation i (pigng s p‘ﬁ[
ssion,

(HDAC) is correlated wit transcr|pt|on repr

Histone methylation by methyltransferase ( it iﬁ)é sp Fbr
been associated with both activation and r U

HIV-1 replication®.
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by several host cell factors such as Yin Yang 1 and
late SV40 factor, which cooperate in the recruitment of
HDAC1 to the LTR*47, or the nuclear factor kappa B
(NFxB) p50/p50 homodimers and C-promoter binding
factor-1, which inhibit viral transcription in a similar way
to Yin Yang 1%4° However, HIV-1 can counteract
these repressive measures by decreasing HDAC oc-
cupancy of the 5'LTR and by inducing hyper-acetyla-
tion and rearrangement of nucleosome 1 through its
critical regulator Tat. At the beginning of transcription,
a stem-loop structure termed transactivation response
element (TAR) is formed at the 5" end of the nascent
viral transcripts, creating a binding site for Tat%°. The
TAR/Tat complex recruits the binding of the host cell
factor positive transcription elongation factor b (P-
TEFb, formed by CDK9 and cyclin T1) to increase the
functional capacity of RNAPII and to allow the efficient
elongation of viral transcripts®'. To avoid transcription-
al repression due to histone hypo-acetylation, Tat re-
cruits to the 5'LTR factors with HAT activity such as
p300/CREB binding protein (CBP), CBP/p300-associ-
ated factor (PCAF), and human general control of
amino acid synthesis protein 5 (hGCN5)%2,

Host cell factors that promote
efficient HIV-1 transcription

Once the chromatin around 5°LTR is in a permissive
state, several host transcriptional factors, such as NFkB,
specific protein 1 (Sp1), activated protein 1 (AP-1), and
nuclear factor of activated T-cells (NF-AT), are recruit-
ed to their consensus sites, promoting a dynamic viral
transcription (Fig. 2). The LTR contains two binding
sites for NFxB, a pleiotropic transcription factor es-
sential for inducible HIV-1 gene expression in human
T-cells®®. The NFkB is formed by dimers composed of
five Rel proteins (p65/RelA, c-Rel, RelB, NFkB1/p50,
and NFkB2/p52) in almost any combination®%5. All Rel
proteins are regulated by post-translational modifications
chh as phosphorylaﬂorﬁéetylatlon ubiquitination, and

h@@ﬂt@ﬂof%&y ino acid residues that may

alter the functions of NFxB. The most important active

FYB D [9)ddgosed by pB5/ReIANFKB1/pS0,

which function is mamly regulated by post-translation-

r%?% gbsé g/ﬁglﬁ with phosphorylation at
eing the one that renders a most active p65/
Phosphorylation of p65/RelA is necessary for

S Edon with HAT, such as CBP/p300 or HDACS,
causing reversible acetylation/deacetylation that fur-
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Figure 2. Binding sites for cellular transcription factors within the HIV-1 LTR and their repressors. Both HIV-1 enhancer and promoter region
sites contain several consensus sites for the binding of essential cellular factors such as NFxB, Sp1, NF-AT and AP-1. NFxB is able to
form a pre-initiation complex that binds these factors and other transcription factors from the general transcription machinery. The incorporation
of RNAPII allows the initiation of transcription, the formation of TAR loop and the binding of the elongation complex formed basically by
Tat, P-TEFb and HAT as CBP/p300 and PCAF. Accessibility of transcription factors to the LTR depends on the permissive state of the
chromatin after HAT recruitment, whereas recruitment of HDAC and MTase leads to a higher-order chromatin structure responsible for
transcriptional silencing. Factors as IkB-o0. and COMMD1 are responsible for repressing NF«kB activity, whereas binding of c-Myc to Sp1
in the LTR leads to transcriptional silencing through recruitment of HDAC. Binding of general TF such as TFIID to the TATA box may be
inhibited by LBP-1, which binds strongly to two sequences around the HIV-1 initiation site and weakly over the TATA box. In the elongation
complex, factors as p73, SIRT1 or PRMT6 repress Tat activity, avoiding efficient transcription and elongation of viral transcripts. If Tat is
inactive, both complexes NELF and DSIF bind tightly to a hypo-phosphorylated RNAPII to inhibit transcription. LTR: long terminal repeat;
IxB: inhibitory kappa B; COMMD: copper metabolism gene MURR1 domain; RNAPII: RNA polymerase II; P-TEF: positive transcription
elongation factor; HDAC: histone deacetylase; MTase: methyltransferase; TF: transcription factors; NFxB: nuclear factor kappa B; TBP:
TATA binding protein; LBP: leader binding protein; IST: initiator of short transcripts; CTD: carboxyl-terminal domain; CBP: p300/CREB
binding protein; TAR: transactivation response element; PCAF: CBP/p300-associated factor; PRMT: protein arginine N-methyltransferase;
NELF: negative elongation factor; DSIF: DRB sensitivity inducing factor.

interactions with other transcription factors and struc-
tural proteins, forming hyperdynamic protein-DNA
complexes called enhanceosomes®. The enhan-
ceosome that binds to LTR to begin viral transcription
is called pre-initiation complex (Fig. 2).

The HIV-1 LTR also contains three consensus sites
for Sp1, a protein member of a multifamily that binds
to DNA GC boxes through carboxy-terminal zinc-finger
motifsé’. Sp1 can physicam @tqﬁb&rin@ﬁﬂﬂ

cooperate with TATA box binding protein, several tran-
scription activators such as octarr@m@idgm:@@ri@r
tion factor 1 and nuclear factor Y alpha®83 and P-
TEFb through the bindin

dnally U

tightly regulated by intracellular calcium concentra-
tions. Dephosphorylation of NF-AT by the phosphatase
calcineurin induces its translocation to the nucleus,
promoting DNA binding and transactivation activities®.
However, NF-AT is rarely able to bind alone to DNA,
but is usually found associated with other factors such
as AP-19970to enhance HIV-1 transcription. The AP-1
E);Imers are composed by members of Fos/Jun and

ﬂr’@ﬁ@fﬁ}nm@c}f scription factors and their

activation is regulated by transcriptional and post-tran-

@h@@@(@?%@s such as specific interactions
p

with transcriptional co-activators’!,

o T18So T -activi . o
can be regulated through p otjp#gylzgtiirb k%)tm/lgg Wﬁégy%gllpgci’tmg%ljtg l;%hibitory activity

ERK pathway®®® or acetylation by CBP/ Sf)(iin re-
sponse to either T-cell activation or Tat e@ e l?b@G?D

Besides, NF-AT, overlapping with NFkB consensus

uagﬁigﬁtel-rllVJ transcription

Despite the virus using several host cell proteins to
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essential factors as NFkB and Sp1 (Fig. 2). The family
of inhibitory proteins kB tightly control NF«xB activity
through a non-covalent association that mask the NF«xB
nuclear localization signal, preventing nuclear translo-
cation and transcription activation’®. The main inhibitor
for NFxB in T-cells is 1xB-a, which is continuously shut-
tling between nucleus and cytosol even in resting CD4*
T lymphocytes™. The IkB-o sequesters NFkB in the
cytoplasm until, upon T-cell activation, I«B-a is phos-
phorylated by IkB kinase (IKK) complex and degraded
in the proteasome’, rendering free NFkB that translo-
cates to the nucleus and binds to its consensus sites
in the inducible gene promoters™. As a result, nuclear
accumulation of IkB-a inhibits HIV-1 LTR-dependent
transcription, as well as restraining HIV-1 replication in
CD4* T lymphocytes. Besides, p65/RelA phosphory-
lated at S536 cannot interact with cytosolic [kB-a, be-
ing able to translocate directly to the nucleus®®, which
supports the importance of post-translational modifica-
tions in NFkB activity. The NFxB can be also controlled
by other factors such as copper metabolism gene
MURR1 domain containing 1 (COMMD1) that interferes
with both basal and tumor necrosis factor-induced
NFkB activity’®. The COMMD1 also interacts directly
with NFxB and controls the duration of NF«xB recruit-
ment to open chromatin by accelerating ubiquitination
and degradation of p65/RelA through its interaction
with a multimer ubiquitin ligase complex’”. Besides,
there are host cell factors such as c-Myc that may
block Sp1 activity. The proto-oncogene Myc/c-Myc
regulates the expression of a wide variety of genes
through recruiting HAT?®, but it has also been shown
to repress the transcription of several genes by re-
cruiting HDAC17°. When c-Myc binds Sp1 at the LTR,
it promotes the recruitment of HDACH, repressing vi-
ral replication. After exposure to HDAC inhibitors such
as valproic acid, c-Myc is noticeably downregulated
and remains absent from the promoter, allowing his-
tone jacetylation, RNAPII recruitment, and viral tran-
scription®,

Tat is a viral regulator essential
for efficient transcription [a@p

Tat function is highly dwm@ il sPFfélm?@?_

tions with a range of cellular proteins. Tat may' interact

refongatioh O PCAG

with cyclin T1 in the absence of Tat. Accordingly,
blocking the high affinity Sp1-binding site with artificial
zinc fingers strongly inhibits both Sp1-cyclin T1-depen-
dent transcription and Tat-dependent transcription,
gven in the presence of excess expressed Tat?.

Once the transcription is initiated, RNAPII begins the
elongation of the viral genome (Fig. 2). Tat creates a
multiprotein elongation complex basically composed
by P-TEFb, RNAPII, TAT-SF1 (HIV-1 Tat specific factor
1), hSPT4 and hSPT5/Tat-CT1 (Tat-co-transactivator 1
protein), TFIIF, TCERG1/CA150, and nucleolin8-%7
Both hSPT4 and hSPT5/Tat-CT1 are components of
DRB sensitivity inducing factor (DSIF), which generally
exerts a negative function on translation, but may also
have a positive effect within a short time-frame from
initiation to elongation®. The DSIF cooperates with Tat
by preventing premature RNA release at terminator se-
quences®. In the absence of Tat, DSIF and negative
elongation factor (NELF) bind to RNAPII shortly after
initiating RNA synthesis, repressing HIV-1 transcript
elongation®. Both DSIF and NELF bind tightly to hypo-
phosphorylated RNAPII but not to the hyper-phospho-
rylated form. After Tat binds to P-TEFb and this com-
plex is tethered to TAR, RNAPII carboxyl-terminal
domain (CTD) is hyper-phosphorylated and both re-
pressing DSIF and NELF complexes are released, ini-
tiating efficient elongation.

Post-translational modifications such as acetylation
and methylation are also essential for regulating Tat
activity. First, Tat mostly recruits to the 5'LTR factors
with HAT activity in order to achieve an open chroma-
tin structure that permits efficient transcription. Sec-
ond, Tat function is highly dependent on its own state
of acetylation. There are two major sites for acetylation
of Tat in its functional domains: K28 and K50. The
PCAF binds to the cysteine-rich region of Tat and pro-
motes acetylation on K28%'. The K28-acetylated Tat
shows high affinity for P-TEFb and binds to the nascent
TAR RNA, favoring the release of DSIF and NELF from

APIl and recruiting CBP/p300%. Acetylation of Tat

No part of this pUBTKB@JH@ma%% ETAR binding domain leads

to the dissociation of Tat from TAR and the binding to
,’[\@tﬁ@@‘qu F association being absolutely
necessary to activate sustained HIV-1 transcription.

! ingl Q| e Tat acetylation state by
m@%ﬁé@c@r@tﬁtﬁ%@ﬁor SIRT1 will result in the

with critical transcription factors from the 5@4@]&61 ion inhé'lbiti n_of its activity®®%, Tat is a substrate for
complex such as Sp1 and NF-AT. Tat binds’ directl t(pulb ééb%g SIRT1, which deacetylates Tat, PCAF and

NF-AT, increasing its association with c-Jun at NF-AT/

the histone tails in the promoter regions, creating a
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Figure 3. BST-2 and Vpu interplay. BST-2 is a glycosylated transmembrane protein with a glycosyl phosphatidylinositol anchor that forms
homodimers and localizes at the site of viral assembly and budding. In the absence of Vpu, BST-2 attaches virions to the cell surface and
among each other (1), inducing the internalization of virions that are subsequently ubiquitinated and degraded in the proteasome (2). In
the presence of Vpu, cellular levels of BST-2 are reduced through several mechanisms: endocytosis-mediated degradation (3), E3 ligase-
mediated ubiquitination and degradation in the proteasome (4), and retention in the trans-Golgi network, where BST-2 redistributes from
early and recycling endosomes to the trans-Golgi network (5). Vpu: viral protein U; BST: bone marrow stromal cell antigen; TrCP: transducing
repeat-containing protein; SCF: Skp1/Cullin/F-box protein; Ub: ubiquitin; ER: endoplasmic reticulum.

elongating polymerase and from PCAF, repressing new targets. At this last stage of the viral lifecycle,
HIV-1 transcription®. . here is one last attempt from the infected cell to avoid

Finally, methylation of reSiGs P52 o s @Ubﬁ@&@ ﬁhaﬁﬁb&r}éch@,d by an IFN-inducible cell
Tat by protein arginine N-methyltransferase 6 (PRMT6) surface protein termed tetherin, CD317 or bone mar-

avoids the formation of TAR/Tra@ipT@d |dOnEp(@xEs [ ph@ft@(ao@ym@en 2 (BST-2). The BST-2 is a
a

thereby annulling viral transcription and elongation. heavily glycosylated integral membrane protein con-
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antigen 2 modulates the viral infe(g%:i\g[iﬁle pdﬁljgﬁé”ows BST-2 to act as a cross linker between

Fd the cellular membrane®, forming a phys-
Once an efficient elongation of the viral transcripts is ical bond between the virion and the plasma mem-
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release® (Fig. 3). The BST-2 functions together with
other host cell factors such as breast cancer associated
gene 2, a RING-type E3 ubiquitin ligase that facilitates
the re-internalization of virions bound to the plasma
membrane and their degradation in the proteasome’®.

Activity of BST-2 is not restricted to HIV-1, but it is
potentially active against many enveloped viruses in
several cell types, indicating that the BST-2 mecha-
nism of inhibition does not require specific interactions
with viral proteins'®"192 Besides, although it is essen-
tial that BST-2 localizes at the site of viral assembly
and budding to produce proper antiviral activity®103.104
the functionality of this protein seems unrelated to the
intracellular expression level, which is significantly dif-
ferent between cell types: whereas Hela cells show
high a expression level, BST-2 is nearly undetectable
in resting primary T-cells and macrophages, although
it can be induced by IFN-a'%. It has also been ob-
served that BST-2 could be incorporated into virions
produced from Hela and 293T-cells'%-1%8 although it
is still unknown whether virions produced from T-cells
contain BST-2. In any case, virion tethering activity
appears to be also independent of the levels of BST-2
contained in viral particles'®.

The BST-2-mediated restriction of HIV-1 particle re-
lease is only completely successful in the absence of
the viral accessory protein Vpu (viral protein U), be-
cause Vpu may counteract BST-2 activity by several
mechanisms (Fig. 3): first, phosphorylation of Vpu at
S52 and S56 within its cytoplasmic motif DpSGxxpS
promotes the association to beta-transducing repeat-
containing protein (B-TrCP), a substrate recognition
unit of SCF (Skp1/Cullin/F-box protein)-E3 ubiquitin li-
gase'0410%111 The Vpu/B-TrCP/SCF-E3 complex marks
BST-2 for proteasome degradation but, unlike most
B-TrCP targets, Vpu itself is not receptive to protea-
some degradation''?. This suggests that Vpu-mediated
hijacking of B-TrCP may results in B-TrCP unavailability
for stabilizing other targets such as IkBa, B-catherin
and absolute free thyroxin 4 (AFT4)"'3, which may.influ-
ence AIDS pathogenesis. &q@car\tp@%éi

transport of BST-2 to the plasma membrane, inducing

sStre U

Conclusion

Viral-host interplay is a complex, highly interactive
equilibrium developed during their co-evolution. On the
one hand, HIV-1 successful infection requires the hi-
jacking of the cellular transcription machinery and tran-
scription factors such as NFkB and Sp1 are essential
for efficient viral replication. On the other hand, the host
cell has evolved to develop antiviral mechanisms that
counteract the attempt by HIV-1 to hijack cellular pro-
teins. First, factors such as IxB-o, COMMD1, or c-Myc
may restrain viral transcription by controlling the bind-
ing of cellular factors. Second, factors such as p73,
SIRT1, or PRMT6 modify the acetylated state of the
essential viral regulator Tat, which activity is highly
dependent on the acetylation of its functional domains.
And third, there are innate antiviral mechanisms that
affect viral infectivity, such as APOBEC, which induces
hypermutated, non-viable viral particles, or BST-2,
which links the new virions to the cell membrane to
avoid their release. However, HIV-1 has also evolved
to eliminate the effectiveness of these mechanisms by
modifying the cellular environment to convert the host
cells into efficient viral factories through Tat, or by
blocking innate antiviral mechanisms through acces-
sory proteins such as Vif and Vpu, which overcome
APOBEC and BST-2 activities, respectively. The out-
come of HIV-1-host cell match will depend on the equi-
librium between cellular and viral measures and coun-
termeasures. A better understanding of viral/cellular
protein interactions is necessary for discovering new
targets that could be used to design new therapeutic
strategies.
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