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Abstract

Tumor necrosis factor receptor-associated factor (TRAF) sig-
naling plays a central role in many biological activities, such
as the regulation of immune and inflammatory responses
and control of apoptosis, which are key events in the patho-
genesis of the human immunodeficiency virus (HIV)-1 and
the hepatitis C virus (HCV) infections. Here we show that
TRAF2, TRAF5 and TRAF6 interact with the HIV-1 Nef protein,
an immunomodulatory viral protein expressed and released
by cells infected by the virus. We also found that TRAF2 and
TRAF5 interact with the HCV Core protein. Interestingly, we
observed that HIV-1 Nef interacts with HCV Core. The acti-
vation of TRAF (2, 5, 6) - mediated by HIV-1 Nef and HCV
Core - enhanced the activation of the nuclear factor-kappa
B (NF-kB) and increased HIV-1 replication in monocyte-
derived macrophages (MDMs). The knockdown of TRAF2,
TRAF5 and TRAF6 resulted in decreased NF-kB activation and
reduced HIV-1 replication in MDMs. Our results reveal a
mechanism by which the activation of the TRAF pathway by
HIV-1 Nef and HCV Core favors the replication of HIV-1 in
macrophages and could be a critical factor for optimal repli-
cation of HIV-1 in macrophages of HIV-HCV-coinfected pa-
tients. Copyright © 2013 S. Karger AG, Basel

Introduction

Tumor necrosis factor (TNF)-a exerts a variety of bio-
logical effects, including the production of inflammatory
cytokines, the upregulation of adhesion molecules, pro-
liferation, differentiation and apoptosis by binding to its
cognate receptors, TNF receptor (TNFR) 1 and TNFR2
[1,2]. One of the protein families that bind to both TNFRs
is the TNF receptor-associated factors (TRAFs) [3, 4]. Up
to now, seven members of the TRAF family have been
described [4, 5]. All the TRAFs contain a C-terminal
TRAF domain that mediates the interaction with TNF
receptors and hetero- or homodimerization among the
TRAF family members [3]. In addition to the TRAF do-
main, the N-terminus of the TRAF proteins, with the ex-
ception of TRAF1, contains a RING domain and multiple
Zinc finger structures, which are essential for their effec-
tor functions [3]. The TRAF family not only mediates
TNF receptor family-mediated signaling but may also
link the downstream signaling via other receptors like the
interleukin-1 receptor [6]. TRAFs interact with the nucle-
ar factor-kappa B (NF-kB)-inducing kinase, the MAP
kinase (MAPK)/ERK kinase kinase 1, the transforming
growth factor B-activated kinase, or the atypical protein
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kinase C, and these kinases phosphorylate IKKs resulting
in the activation of the NF-xB [7, 8].

TRAF proteins are thought to be important regulators
of cell death and cellular responses to stress, and TRAF2,
TRAF5 and TRAF6 have been demonstrated to mediate
activation of NF-«xB and JNK [3]. Among the TRAF mem-
bers, TRAF2 is a prototypical member of the TRAF fam-
ily and transduces signals from the TNFR superfamily
members [9]. Double knockouts of TRAF2 and TRAF5
suggest some functional redundancy between these two
molecules in the context of TNFa-induced NF-«B activa-
tion and HIV-1 gene expression [9-12]. Whereas TRAF5-
null mouse embryonic fibroblasts respond normally to
TNFa-induced JNK and NF-kB activation, TRAF2 and
TRAF5 double knockout mouse embryonic fibroblasts
exhibit an almost complete loss of TNFa-induced NF-kB
activation [9]. TRAF6 not only mediates the signaling
from the members of the TNF receptor superfamily, but
also from the members of the Toll/interleukin-1 family,
and interacts with various protein kinases including
IRAKI1/IRAK, SRC and PKCzeta, which provides a link
between distinct signaling pathways [13]. TRAF6 also
functions as a signal transducer in the NF-kB pathway that
activates IKK in response to proinflammatory cytokines
[3]. TRAF3 is a highly versatile regulator that positively
controls the production of type I interferon, but negative-
ly regulates the activation of MAPK and alternative NF-kB
signaling [4]. The molecular mechanisms of action of
TRAF4 remain evasive as it was found to interact with di-
verse types of proteins, leading either to proapoptotic or
antiapoptotic functions [14]. TRAF1 can associate with
multiple TNFR family members and can also bind several
protein kinases and adaptor proteins, suggesting that it
likely possesses multiple functions in cytokine signaling
networks [15]. TRAF7 is the last member of the TRAF
family that has been identified and recent data indicate
that TRAF7 regulates the activation of cellular stress path-
ways, as well as unconventional ubiquitination events and
differentiation of muscle tissue [5]. TRAF2, TRAF3 and
TRAF6 are E3 ubiquitine ligases that play a pivotal role in
the control of NF-kB activation by innate and adaptive
immunity stimuli [16].

The Nef protein of human immunodeficiency virus
(HIV)-1 is an important factor in AIDS pathogenesis. In
addition to downregulating CD4 and the major histo-
compatibility complex class I molecules from the cell sur-
face, as well as increasing virion infectivity, Nef triggers
the activation of the T cell receptor cascade to facilitate
the spread of the virus and modulates cellular signal
transduction pathways [17]. Besides endogenous Nef
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protein expressed within infected cells, the exogenous
Nef protein is detected in the serum of HIV-infected sub-
jects [18]. The exogenous Nef protein has been shown to
enter the cell by absorptive endocytosis after binding to
the surface of CD4+ T cells, primary macrophages and
U937 promonocytic cells [19], and to activate the signal
transducer and activator of transcription 1 and NF-«xB in
human monocytes/macrophages [20, 21]. HIV-1 replica-
tion is tightly regulated at the transcription level through
the specific interaction of viral regulatory proteins and
cellular transcription factors, such as NF-kB, binding to
the HIV long terminal repeat (LTR) [12].

Hepatitis C virus (HCV) infection is common in HIV-
1-infected patients and each of these infections may affect
the other [22]. Thus, several reports have found that HIV
infection accelerates the development of severe liver dis-
eases [23]. An association between HCV coinfection and
progression of the HIV disease has also been reported [24,
25]. Among HCV structural proteins, the HCV Core pro-
tein interacts with several cellular components, thereby
influencing lipid metabolism, signal transmission, and
the regulation of gene expression and transcription from
several viral and cellular promoters [26, 27]. HCV Core
affects cell proliferation, apoptosis and host defense
mechanisms by interfering with both innate and adaptive
immunity [27]. Besides endogenous HCV Core expressed
within infected hepatocytes, exogenous HCV Core is de-
tected in the serum of HCV-infected subjects [28, 29].
HCV Core has been shown to enter the cell and to activate
both MAPK and NF-«kB signaling in several cell types [30,
31].

Since HIV Nef, HCV Core and several of the TRAF
proteins activate NF-kB, we investigated their respective
role in HIV-1 replication in the macrophage, which is a
cell type infected by HIV-1 and a potential target for ex-
ogenous HCV Core in HIV/HCV-coinfected patients.
We observed that HIV-1 Nefbinds to HCV Core and that
the two proteins recruit TRAF2, TRAF5 and TRAF6, then
activating NF-«xB and enhancing the replication of HIV-1
in monocyte-derived macrophages (MDMs).

Materials and Methods

Reagents

The recombinant myristoylated Nef protein derived from the
SE-2 HIV-1 strain (HIV-1 rNef) was purchased from Jena Biosci-
ence (Jena, Germany) and the recombinant HCV Core protein
(HCV rCore) was purchased from US Biological (Swampscott,
Mass., USA). Anti-p50, anti-p65, anti-RelB, anti-c-Rel, anti-p52,
and the single-stranded NF-kB oligonucleotide and mutated oli-
gonucleotide were purchased from Santa Cruz Biotechnology
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(Santa Cruz, Calif., USA). Anti-IkBa, anti-IKKa, anti-IKKp, and
anti-pIKKB/pIKKa antibodies were purchased from Cell Signaling
Technologies (Beverly, Mass., USA), and peroxidase-conjugated
secondary anti-rabbit and anti-mouse immunoglobulin were ob-
tained from Jackson ImmunoResearch (West Grove, Pa., USA).
Abs against HIV-1 Nef and HCV Core proteins were provided by
Chemicon (Temecula, Calif., USA) and US Biological, respective-
ly. TNFa was purchased from R&D Systems (Minneapolis, Minn.,
USA). Abs against TRAF1, TRAF2, TRAF3 and TRAF6 were pro-
vided by Cell Signaling Technologies. Abs against TRAF4 and
TRAFS5 were purchased from Santa Cruz Biotechnology.

Cell Culture

The studies were performed with the promonocytic cells U937
obtained from the American Tissue Cell Culture Collection
(Manassas, Va., USA). The promonocytic cell line U1, derived
from cells surviving acute infection of the U937 cell line, contains
two integrated HIV copies per cells. U1 cells were a gift from Dr.
C.Van Lint (Université Libre de Bruxelles, Belgium). U937 and U1
cells were cultivated in RPMI-1640 (Sigma-Aldrich, St. Louis, Mo.,
USA) supplemented with 10% fetal bovine serum (Sigma-Al-
drich), 1% L-glutamine and 1% penicillin/streptomycin. Primary
MDMs (>94% CD14+ by flow cytometric analysis) were prepared
from peripheral blood of healthy donors and were cultured in
RPMI-1640 medium supplemented with 10% (v/v) pooled AB hu-
man serum (Sigma-Aldrich), as previously described [32]. Periph-
eral blood mononuclear cells (PBMCs), monocytes and peripheral
blood lymphocytes (PBLs) were isolated from fresh whole blood
(10 ml) of viremic HIV-1-infected patients (n = 13), HCV-infected
patients (n = 6) and HIV-1-HCV-coinfected individuals (n = 6)
followed up at the Besancon University Hospital, as reported pre-
viously [33, 34]. Ethical approval was granted by the human sub-
jects ethics committee (Comité de Protection des Personnes EST-
D).

GST Pull-Down Assay

HIV-1 Nef wild type, N-terminus (1-60), or C-terminus (55-
206) was cloned into pGEX 4T-1 expression vector (kindly provid-
ed by Dr. Fackler, University of Heidelberg, Germany) and GST
Core constructs were kindly provided by Dr. N. Pavio, INSERM
U785, Villejuif, France. For the GST pull-down assay, each con-
struct was transformed into bacteria (BL21DE from Novagen, Bad
Soden, Germany). A single colony was inoculated in 5 ml LB broth
containing 50 pg/ml ampicillin at 37°C, 250 rpm in a shaker over-
night. A 1-ml aliquot of the overnight bacterial culture was used to
inoculate 300 ml LB broth containing 50 pg/ml ampicillin and
grown for 2.5 h at 37°C in a shaker (until ODgp = 0.5). IPTG was
added at a final concentration of 0.1 mM and the culture grown for
an additional 3 h at 37°C in the shaker. The bacteria were pelleted,
washed with ice-cold TBS and lysed in bacterial protein extraction
reagents (Pierce, Rockford, Ill., USA). The bacterial-expressed pro-
tein was immobilized on glutathione beads and washed five times
with 1 x PBS. Twenty micrograms of purified GST fusion proteins
were incubated with 1,500 pg protein lysates overnight at 4°C with
gentle shaking. Following incubation the reaction mixture was
centrifuged and washed five times in 1 x PBS. After a final wash,
the bound protein was eluted by boiling in 2 x SDS-PAGE sample
buffer and then subjected to SDS-PAGE and immunoblotted.

HIV-1 Replication in Macrophage by Nef
and HCV Core

Western Blot

Cellular extracts of cells treated with HIV-1 rNef and/or rHCV
Core were used to examine the different protein expression by
Western blot according to previously described procedures [21].
Cellular extracts were resolved by 10% SDS-PAGE using a Mini-
PROTEAN 3 Cell (Bio-Rad, Hercules, Calif., USA). The proteins
were electrotransferred onto a PVDF membrane (Amersham Bio-
sciences, Little Chalfont, UK) using Mini Trans-Blot Electropho-
retic Transfer Cell (Bio-Rad). The membranes were probed with
primary antibodies (Abs) followed by HRP-conjugated secondary
immunoglobulin raised against the appropriate species; bands
were detected using the ECL Plus kit (Amersham Biosciences).

Immunoprecipitation

MDMs were left untreated or were treated with HIV-1 rNef
(100 ng/ml) and HCV rCore (100 ng/ml) for 30 min. Alternative-
ly, MDMs were transfected with a Nef-expressing plasmid and/or
aHCV-Core-expressing plasmid for 24 h. For in vitro coinfections,
MDM:s were infected with HIV-89.6 (10 ng p24/4 x 10° cells) over-
night, cells were washed and infected with HCV (19.10° 1U/ml)
and in total 5 x 10° cell lysates were prepared after 48 h. Cell lysates
were precleared by adding 50 pl of Protein G Plus/Protein A-aga-
rose (Calbiochem-Novabiochem, Bad Soden, Germany) for 1 h at
4°C. The cleared supernatants were removed, combined with 10
pg/ml anti-HIV-1 Nef Ab (Chemicon) or isotype control Ab and
incubated overnight at 4°C. Immune complexes were washed in
the presence of protease inhibitors and the bound proteins were
eluted with sample buffer and run on 10% SDS-PAGE gels. SDS-
PAGE and Western blot analysis using an anti-HCV Core Ab were
performed according to standard procedure [21]. Western blots
were developed with the ECL detection kit (Amersham Bioscienc-
es, Piscataway, N.J., USA).

Isolation of Nuclear and Cytoplasmic Extracts

Isolation of nuclear and cytoplasmic extracts was performed as
previously described [21]. Cells were scraped from the plastic sur-
face of the culture dishes and washed with wash buffer (10 mMm
HEPES, pH 7.6, 10 mM KCI, 2 mM MgCly, 1 mM EDTA). Cell pel-
lets were then incubated on ice using a cytoplasmic isolation buffer
(10 mM HEPES, pH 7.6, 10 mM KCI, 2 mM MgCl,, 1 mM EDTA,
0.02% NP-40). Cytoplasmic extracts were collected by centrifuga-
tion and the nuclear pellets were washed twice in wash buffer, spun
and incubated for 15 min on ice with nuclear isolation buffer (20
mM HEPES, pH 7.6, 420 mM NaCl, 1.5 mM MgCl,, 0.2 mM EDTA,
25% glycerol). Supernatants containing nuclear extracts were col-
lected by centrifugation and stored at —80°C. Protease inhibitors
(I mM DTT, 1 mM PMSF, 1 ug/ml aprotinin, 1 pg/ml leupeptin,
1 pg/ml pepstatin) were added to all solutions. Protein concentra-
tion in nuclear and cytoplasmic extracts was determined by the
Bradford method using a BioPhotometer (Eppendorf, Hamburg,
Germany).

Electrophoretic Mobility Shift Assay

To measure NF-kB activation, electrophoretic mobility shift
assay (EMSA) was carried out as previously described [21]. Briefly,
the cells were treated with HIV-1 rNef and/or HCV rCore during
different periods of time. Alternatively, PBMCs, monocytes and
PBLs were isolated from fresh whole blood (10 ml) of HIV-1-in-
fected patients, HCV-infected patients, HIV-1-HCV-coinfected
individuals and normal healthy donors. Nuclear extracts prepared

J Innate Immun 2013;5:639-656 641
DOT: 1911290003202 17


http://dx.doi.org/10.1159%2F000350517

from cells were incubated with 20 fmol of biotin-end-labeled 45-
mer double-stranded NF-kB oligonucleotide.

5"-TTGTTACAAGGGACTTTCCGCTGGGGACTTTC-
CAGGGAGGCGTGG-3" (bold letters indicate NF-kB binding
sites) in the presence of binding buffer [10 mM Tris, 50 mMm KCI,
1 mM DTT at pH 7.5 and 50 ng/ul Poly (dI-dC)]. A double-strand-
ed mutated oligonucleotide 5'-TTGTTACAACTCACTTTCCGCT-
GCTCACTTTCCAGGGAG GCGTGG-3' was used to examine the
specificity of NF-«B binding to the DNA. The specificity of bind-
ing was also examined by competition with the unlabeled oligo-
nucleotide and a heterologous unlabeled oligonucleotide. NF-«xB
oligonucleotide was labeled with biotin using the Biotin 3" End
DNA Labeling kit (Pierce) and complementary pairs were an-
nealed by heating in boiling water for 5 min and then cooling slow-
ly to room temperature. DNA protein complexes were resolved
from free oligonucleotide on a 6% native polyacrylamide gel in
1 x Tris-borate-EDTA buffer using a Mini-PROTEAN 3 Cell (Bio-
Rad) and were transferred to a Biodyne precut nylon membrane
(Pierce) using the Mini Trans-Blot Electrophoretic Transfer Cell
(Bio-Rad). Biotin-end-labeled DNA was detected using the Light-
Shift Chemiluminescent EMSA kit (Pierce). Control Epstein-Barr
Nuclear Antigen (EBNA) System (Pierce) containing biotin-
EBNA control DNA and EBNA extract were assayed in parallel
with the sample to ensure that the components of the kit and the
overall procedure was working properly.

Reporter Gene Expression Assays

To examine the NF-kB LTR-driven gene expression following
treatment with HIV-1 rNef and/or HCV rCore, U937 cells were
transiently transfected with 20 pg of pLTR-Luc or 20 pg of
pLTRmut-NF-«B-Luc using an electroporation system, according
to the manufacturer’s instructions (Bio-Rad) [21]. Twenty-four
hours later, the cells were stimulated with HIV-1 rNef (100 ng/ml),
HCV rCore (100 ng/ml) or HIV-1 rNef (100 ng/ml) + HCV rCore
(100 ng/ml). At 48 h posttransfection, luciferase activity was mea-
sured in cell lysates using a luminometer (TD-20/20; Promega,
Madison, Wisc., USA) as previously described [21]. Values nor-
malized to protein concentrations were expressed in fold increase
over unstimulated control values.

RNA Interference

MDM cultures (0.5 x 10° cells) were transfected with a scram-
bled control, TRAF1 siRNA, TRAF2 siRNA, TRAF3 siRNA, TRAF4
siRNA, TRAF5 siRNA and TRAF6 siRNA duplexes (Dharmacon
RNAI Technologies) using lipofectamine RNAIMAX (Invitrogen,
Carlsbad, Calif., USA). MDMs were treated with HIV-1 rNef and/
or HCV rCore 48 h posttransfection, and EMSA and HIV-1 repli-
cation follow-up were performed as reported previously. The effi-
ciency of transfection was monitored using a fluorescein-conjugat-
ed scrambled control duplex and exceeded 50% in MDM:s.

Flow Cytometry Analysis

Following treatment of MDMs (>94% CD14+ by flow cytomet-
ric analysis) with rNef (100 ng/ml) and rCore (100 ng/ml) for 30
min, cells were fixed with 4% PFA for 15 min and permeabilized or
not with cytofix/cytoperm solution (BD Bioscience, San Jose, Calif.,
USA). Cells were incubated for 1 h at room temperature with a goat
anti-Nef Ab (Santa Cruz Biotechnology) or a mouse anti-HCV
Core Ab (Euromedex, Souffelweyersheim, France). Cells were
washed three times with a BD wash buffer. Nef and Core detections
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were performed after incubating with secondary Abs, PE-labeled
anti-goat IgG and FITC-labeled anti-mouse IgG, respectively (San-
ta Cruz Biotechnology). FITC-conjugated mouse I1gG (BD Biosci-
ence) and PE-conjugated goat IgG (Santa Cruz Biotechnology)
were used as isotype controls. Labeled cells were analyzed by flow
cytometry with a FACSCalibur flow cytometer (Becton Dickinson,
Franklin Lakes, N.J., USA). Data from 5 x 103 cells were collected,
stored and analyzed with CellQuest software (Becton Dickinson).

Assessments of HIV-1 Replication

MDMs were infected overnight with HIV-1 89.6 (10 ng p24/4
x 10° cells). Cells were then washed three times with PBS to remove
the unabsorbed inoculum and reincubated in fresh culture medi-
um at 37°C. The infected MDMs were treated with HIV-1 rNef
(100 ng/ml), HCV rCore (100 ng/ml) or HIV-1 rNef (100 ng/ml)
+HCV rCore (100 ng/ml) added every 3 days. U1 cells were treat-
ed with native or boiled HIV-1 rNef (100-1,000 ng/ml) and/or
HCV rCore (10-500 ng/ml). Where specified, a neutralizing anti-
Nef mAb (10 pg/ml) and an anti-HCV Core mAb (10 pg/ml) were
used. Culture supernatants were collected and assessed for p24 an-
tigen using a microELISA assay (Organon Teknika, Boxtel, The
Netherlands).

Statistical Analysis

The figures show the means of independent experiments and
standard deviations. Statistical analyses were performed using the
analysis of variance test and the Mann-Whitney U test. Differenc-
es were considered significant at a value of * p < 0.05, ** p < 0.01,
*#% p < 0.001. The program used for plotting was Microsoft Excel
and SPSS (SPSS Inc., Chicago, I1l., USA) for statistical analysis.

Results

HIV-1 Nef Interacts with HCV Core

Since both HIV-1 Nef and HCV Core proteins have
been reported to activate NF-kB in several cell types [21,
31], we assessed the potential HIV-1 Nef/HCV Core in-
teraction. We expressed Nef as a GST fusion protein in
Escherichia coli and tested its ability to interact with HCV
rCore using U937 cells treated with HCV rCore as a
source of lysates. HIV-1 Nefbound to HCV Core (fig. 1a).
HIV-1 Nef coimmunoprecipitated with HCV Core in
promonocytic U937 cells treated with the two recombi-
nant viral proteins whereas the isotype control immuno-
precipitation showed no associated HCV Core (fig. 1b).
The interaction of HIV-1 Nef and HCV Core was also
demonstrated by transient cotransfection of primary
MDMs with pHIV-1 Nef and pHCV Core plasmids
(fig. 1c). Following in vitro coinfection of MDMs with
HIV-1 89.6 and with HCV, we observed the interaction
of HIV-1 Nef and HCV Core by coimmunoprecipitation
(fig. 1d). Our results indicate that the Nef-Core interac-
tion does not only occur in the U937 cells treated with
recombinant viral proteins, but can also be observed in
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Fig. 1. HIV-1 Nefand HCV Core interact. a Binding of HIV-1 Nef
to HCV Core was measured in GST pull-down assays using U937
cells treated with HCV rCore (100 ng/ml) as a source of lysates.
Input corresponds to 10% of the material used for pull-down. Un-
treated U937 cells (Mock) were used as a negative control. Results
are representative of three independent experiments. b Total cel-
lular extracts from U937 cells treated with HIV-1 rNef (100 ng/ml)
and HCV rCore (100 ng/ml) for 30 min were immunoprecipitated
with an anti-Nef Ab or with an isotype control Ab. Immunopre-
cipitated material was analyzed by Western blotting with an anti-
HCV Core mAb. Untreated U937 cells (Mock) were used as a neg-
ative control. B-actin was used as a loading control. Results are
representative of three independent experiments. ¢ Cellular ex-
tracts of MDMs cotransfected for 48 h with a Nef-expressing plas-

MDMs infected with the two viruses, making it more rel-
evant in regard to the HIV-HCV pathogenesis.

To determine the extremity of HIV-1 Nef that binds
HCV Core, we tested GST-Nef plasmids truncated at
their C-terminal or N-terminal extremity for their bind-
ing to HCV Core using a pull-down assay (fig. 2a). HCV
binding capacity was totally annihilated in GST pull-
down assay using a GST-tagged HIV-1 Nef construct
truncated at its N-terminus (fig. 2a), indicating that HIV-
1 Nef interacts with HCV Core via its N-terminal region.

To determine the extremity of HCV Core that binds
HIV-1 Nef, we tested several GST-HCV Core plasmids
for their binding to HIV-1 Nef using a pull-down assay
(fig. 2b). HIV-1 Nef binding capacity was totally annihi-
lated in GST pull-down assay using GST-tagged HCV

HIV-1 Replication in Macrophage by Nef
and HCV Core

mid (pNef) and a core-expressing plasmid (pCore) were immuno-
precipitated with an anti-Nef Ab or isotype control Ab. Immuno-
precipitated material was analyzed by Western blotting with an
anti-HCV Core mAb. MDMs transfected with empty vectors were
used as a negative control. B-actin was used as a loading control.
Results are representative of two independent experiments. d Cel-
lular extracts of MDMs coinfected in vitro with HIV-1 89.6 and
with HCV, as described in Materials and Methods, were immuno-
precipitated with an anti-Nef Ab or isotype control Ab. Immuno-
precipitated material was analyzed by Western blotting with an
anti-HCV Core mAb. Uninfected MDMs isolated from the pe-
ripheral blood of healthy subjects (Mock) was used as a negative
control. B-actin was used as a loading control. Results are repre-
sentative of two independent experiments.

Core constructs truncated upstream of residue 59 (fig.
2b), indicating that HCV Core interacts with HIV-1 Nef
via its N-terminal region (residues 1-58).

HIV-1 Nef and HCV Core Recruit TRAF2, TRAF5

and TRAF6

Since TRAF proteins play a critical role in the signal
transduction delivered through the CD40 receptor and
TNFRs, we investigated the potential interaction of
HIV-1 Nef and HCV Core with TRAF proteins. There-
fore, we tested the ability of GST-Nef fusion proteins to
interact with TRAF proteins present in MDM lysates.
HIV-1 Nef bound to TRAF2, TRAF5 and TRAF6 pro-
teins (fig. 3a). HIV-1 Nef did not interact with other
TRAF members (TRAF1, TRAF3, TRAF4; fig. 3a), indi-
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a

HIV-1 Nef WT
HIV-1 Nef 1-60

Fig. 2. The N-terminal region of HIV-1 Nef
binds to the N-terminal region of HCV
Core. a The N-terminal region of HIV-1
Nef (aa 1-60) is sufficient for binding to
HCV Core. Upper panel: schematic dia-
gram of GST-Nef constructs. Lower panel:
HIV-1rNefinteracts with HCV Core via its
N-terminus extremity (aa 1-60). Using
WT and truncated GST-Nef constructs, the
binding of HCV Core present in lysates of
MDMs treated with HCV rCore (100 ng/
ml) was measured in GST pull-down as-
says. Input corresponds to 10% of the
material used for pull-down. Results are
representative of two independent experi-
ments. b The N-terminal region (aa 1-58)
of HCV Core is sufficient for binding to
HIV-1 Nef. Upper panel: schematic dia-
gram of GST-HCV-core constructs. The
names of the mutants are shown to the left;
numbers refer to the amino acid residues
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representative of two independent experi-
ments.
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cating that the HIV-1 Nef/TRAF (2, 5, 6) interaction was
specific. Endogenous TRAF2, TRAF5 and TRAF6 were
coimmunoprecipitated with HIV-1 Nef in U937 cells
treated with rNef (fig. 3b). Other TRAF members
(TRAF1, TRAF3, TRAF4) did not interact with HIV-1
Nef in U937 cells treated with rNef (data not shown),
indicating that HIV-1 Nef/TRAF (2, 5, 6) interaction
was specific.

To determine the extremity of HIV-1 Nef that binds
TRAF proteins, we tested GST-Nef plasmids truncated at
their C-terminal or N-terminal extremity for their bind-
ing to TRAF proteins using a pull-down assay (fig. 3c).
HIV-1 Nef binding capacity was totally annihilated in
GST pull-down assay using a GST-tagged HIV-1 Nef
construct truncated at its C-terminus (fig. 3¢), indicating
that HIV-1 Nefinteracts with TRAF2, TRAF5 and TRAF6
via its C-terminal region (residues 55-206).
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We also tested the ability of GST-HCV Core fusion
proteins to interact with TRAF proteins present in MDM
lysates. HCV Core bound to TRAF2 and TRAF5 proteins
(fig. 4a). HCV Core did not interact with other TRAF
members (TRAF1, TRAF3, TRAF4, TRAF®6; fig. 4a), indi-
cating that HCV Core/TRAF (2, 5) interaction was spe-
cific. Endogenous TRAF2 and TRAF5 were coimmuno-
precipitated with HCV Core in U937 cells treated with
HCV rCore (fig. 4b). Other TRAF members (TRAFI,
TRAF3, TRAF4, TRAF6) did not interact with HCV Core
in U937 cells treated with HCV rCore (data not shown),
which indicates that the HCV Core/TRAF (2, 5) interac-
tion was specific. To determine the extremity of HCV
Core that binds TRAF2 and TRAF5 proteins, we tested
GST-HCV Core plasmids truncated at their C-terminal or
N-terminal extremity for their binding to TRAF2 and
TRAF5 proteins using a pull-down assay (fig. 4c). HCV
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Core binding capacity was totally annihilated during the
GST pull-down assay using a GST-tagged HCV Core con-
struct truncated at its N-terminus (GST Core 127-172;
fig. 4c), indicating that HCV Core interacts with TRAF2
and TRAFS5 via its N-terminal region (residues 1-126).
We also observed an upregulated expression of TRAF2
and TRAF6 in MDMs treated with HIV-1 rNef and HCV
rCore (p < 0.01 and p < 0.001, respectively; fig. 5).

HIV-1 Nef and HCV Core Activate the NF-xB

Canonical Pathway in Primary Macrophages through

a TRAF (2, 5, 6) Pathway

We compared the level of NF-kB activation in autolo-
gous PBMCs, monocytes and PBLs isolated from the pe-
ripheral blood of HIV-infected patients (n = 13), HCV-

HIV-1 Replication in Macrophage by Nef
and HCV Core

infected patients (n = 6) and HIV-HCV-coinfected pa-
tients (n = 6) (table 1). The highest levels of NF-«xB
activation were observed in peripheral blood cells of
HIV-HCV-coinfected subjects, mostly in PBMCs, mono-
cytes and to a lesser extent in PBLs (fig. 6a; table 1). When
compared to coinfected subjects, 2-fold lower levels of
NF-kB activation were measured in peripheral blood cells
of HIV-infected subjects and HCV-infected subjects, in
particular in monocytes (p < 0.05; fig. 6a; table 1). Since
HIV-1 Nef and HCV Core are independent activators of
NF-kB in several cell types [21, 31], we investigated their
respective role on NF-kB activation in MDMs. Treatment
of MDMs with HIV-1 Nef and/or HCV Core resulted in
NF-kB activation (fig. 6b). The gel shift bands were spe-
cific; the formation of the complex was diminished by
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inclusion of an unlabeled NF-kB oligonucleotide but not
by inclusion of a mutated NF-kB oligonucleotide (data
not shown). To identify the subunits in the NF-xB com-
plexes, nuclear extracts from MDM:s treated with rNef,
rCore or the two recombinant proteins together were in-
cubated with Abs against different NF-kB subunits and
DNA-binding activity was assayed by EMSA. Interfer-
ence of NF-kB activation by anti-p65 and anti-p50 Ab
suggested that p65 and p50 were the major components
of the activated NF-kB complex in MDMs treated with
rHIV-1 Nef and rHCV Core (fig. 6b). In agreement with
the activation of the canonical p65/p50 NF-kB complex
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in MDMs treated with rHIV-1 Nef and rHCV Core, we
observed the degradation of IkBa following treatment
with the two viral proteins alone or together, as typically
occurs during the activation of the canonical NF-«B path-
way (fig. 6¢). We observed an increased expression of
IKKp in MDMs treated with rHIV-1 Nefand rHCV Core
alone and together (fig. 6d). In addition both IKKa and
IKKp were highly phosphorylated in MDMs treated with
rHIV-1 Nef and rHCV Core alone or together as com-
pared with untreated MDM:s (fig. 6d). Phosphorylation of
IKKy was not observed in either treatment (data not
shown).
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To further confirm the role of TRAF proteins in NF-xB
activation, MDMs were transfected with TRAFs siRNA
48 h prior to treatment with rNef and rCore. The knock-
down of the TRAF1 to TRAF6 proteins in MDMs was
monitored by Western blot (fig. 6e). The knockdown of
TRAF2, TRAF5 and TRAF6 decreased NF-kB activation,
whereas the knockdown of TRAF1, TRAF3 and TRAF4
did not modify NF-«B activation (fig. 6f). Our results in-
dicate that in MDMs treated with rNef and rCore, the ca-
nonical pathway of NF-kB is activated through an up-
stream signal mediated through TRAF2, TRAF5 and
TRAF6.

HIV-1 Nef and HCV Core Enhance HIV-1 Replication

in MDMs through a TRAF (2, 5, 6) Pathway

We assessed the effect of HIV-1 Nef, HCV Core or both
proteins together on NF-kB-dependent LTR stimulation.
U937 cells were transiently transfected with a target plas-

HIV-1 Replication in Macrophage by Nef
and HCV Core

mid that contains the luciferase reporter gene under the
control of the HIV-1 LTR promoter, pLTR-Luc. Twenty-
four hours later, transfected cells were treated for 24 h with
HIV-1 rNef, HCV rCore, or both proteins together, har-
vested, and luciferase activity was measured in cell lysates.
The HIV-1 rNef treatment resulted in a 1.5-fold LTR stim-
ulation over untreated control cells (fig. 7a). HCV rCore
treatment of transfected U937 cells increased HIV-1 LTR
stimulation by 1.4-fold (fig. 7a). The cotreatment of trans-
fected U937 cells with HIV-1 rNef and HCV rCore result-
ed in the highest LTR stimulation with 2-fold luciferase
activity over untreated control cells (fig. 7a). LTR activa-
tion induced by HIV-1 rNef, HCV rCore, or both proteins
together, was not observed when a plasmid containing mu-
tated NF-«xB sites, pLTR-mut-NF-kB-Luc, was used in-
stead of pLTR-Luc (fig. 7a). These data indicate that HIV-
1 rNef and HCV rCore additionally activate the LTR via
NF-«B stimulation in promonocytic cells U937.
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Table 1. NF-«B activation (arbitrary
units) measured in PBMCs, monocytes

and PBLs isolated from the peripheral
blood of coinfected patients, HIV-infected
patients and HCV-infected patients

PBMCs Monocytes  PBLs

Coinfected patients (n = 6) 1 6.33 6.04 4.56
2 6.68 6.65 4.66

3 4.53 4.92 3.29

4 6.88 6.94 5.61

5 6.45 7.06 6.30

6 6.32 6.12 5.04

Mean 6.20 6.29 491

HIV-infected patients (n = 13) 7 1.55 1.65 1.59
8 2.37 1.05 1.92

9 3.32 3.98 2.47

10 2.50 3.68 1.09

11 3.36 3.78 2.61

12 2.95 2.49 0.82

13 4.18 6.06 1.92

14 5.13 5.81 1.78

15 3.18 2.70 2.40

16 2.25 2.75 2.12

17 2.83 2.92 2.30

18 2.98 3.04 2.76

19 4.57 2.59 2.75

Mean 3.16 3.26 2.04

HCV-infected patients (n = 6) 20 4.98 4.62 3.79
21 3.13 3.28 2.90

22 4.72 5.63 4.06

23 2.13 1.13 1.04

24 1.55 1.59 0.90

25 1.09 1.44 1.03

Mean 2.93 2.94 2.28

Fig. 6. Enhanced NF-kB activation in MDMs treated with HIV-1
Nef and HCV Core is mediated through TRAF2, TRAF5 and
TRAF6. a Highest NF-kB activation in monocytes and PBMCs iso-
lated from HIV-HCV-coinfected subjects. Upper panel: data are
representative of NF-kB activation determined by EMSA in PBMC:s,
monocytes and PBLs isolated from the peripheral blood of coin-
fected patients (n = 6), HIV-infected patients (n = 13), HCV-infect-
ed patients (n = 6) and normal healthy donors (n = 3). Lower panel:
NEF-kB activation measured by EMSA and quantified by densitom-
etry using Image] 1.40 software in PBMCs, monocytes and PBLs
isolated from the peripheral blood of HIV-HCV-coinfected patients
(n = 6), HIV-infected patients (n = 13), and HCV-infected patients
(n = 6). The level of NF-kB in cells of healthy donors was arbitrari-
ly established at 1. b Enhanced NF-kB activation in MDMs treated
with HIV-1 rNef, HCV rCore and HIV-1 rNef + HCV rCore. MDM
cultures were treated with HIV-1 rNef (100 ng/ml), HCV rCore
protein (100 ng/ml) or HIV-1 rNef (100 ng/ml) + HCV rCore pro-
tein (100 ng/ml) and nuclear extracts were prepared at 30 min post-
treatment. NF-kB activation was determined by EMSA. Interfer-
ence of NF-kB activation in response to HIV-1 rNefand HCV rCore
by Abs against NF-kB subunits: nuclear extracts from treated
MDMs were incubated for 20 min with anti-p50, anti-p65, anti-p52,
anti-c-Rel and anti-RelB Abs, and then assayed for NF-kB binding
activity by EMSA. Results are representative of two independent
experiments. ¢ IkBa degradation in MDMs treated with HIV-1 rNef
and HCV rCore. Cytoplasmic extracts were prepared from MDMs
treated with HIV-1 rNef (100 ng/ml), HCV rCore (100 ng/ml) or
HIV-1 rNef (100 ng/ml) + HCV rCore protein (100 ng/ml) for 30
min and then assayed for the expression of IkBa by Western blot.

650 J Innate Immun 2013;5:639-656

DOT: Lukbi4000330507

[B-actin was used as a loading control. Protein levels were quantified
by densitometry using Image] 1.40 software (the level of protein in
mock cells was arbitrarily established at 1). Results represent means
+ SD of three independent experiments. ** p < 0.01. d IKKa and
IKKp expression and phosphorylation in MDMs treated with HIV-
1 rNef and HCV rCore. Cytoplasmic extracts were prepared from
MDMs treated with HIV-1 rNef (100 ng/ml), HCV rCore
(100 ng/ml) or HIV-1 rNef (100 ng/ml) + HCV rCore protein
(100 ng/ml) for 30 min and then assayed for the corresponding pro-
tein by Western blot. 3-actin was used as a loading control. Protein
levels were quantified by densitometry using Image] 1.40 software
(the level of protein in mock cells was arbitrarily established at 1).
Results represent means + SD of three independent experiments.
*** p < 0.001. e Knockdown of TRAF1-TRAF6 proteins by siRNA
in MDMs. MDM cultures were transfected with TRAF1-TRAF6
siRNAs or scrambled control. Total cellular extracts were prepared
48 h posttransfection. Protein expression was analyzed by Western
blot. B-actin was used as a loading control. f NF-«B activation in
MDMs treated with HIV-1 rNef and HCV rCore depends on
TRAF2, TRAF5 and TRAF6. 48 h before treatment with HIV-1 rNef
(100 ng/ml) and HCV rCore (100 ng/ml), MDMs were transfected
with a mixture of TRAF2/TRAF5/TRAF6 siRNAs, a mixture of
TRAF1/TRAF3/TRAF4 siRNAs, or a scrambled control. NF-«B ac-
tivation was determined by EMSA. Nuclear extracts of MDMs treat-
ed with TNFa (10 ng/ml) were used as a positive control. The his-
togram represents the quantification of NF-kB activity by densi-
tometry using Image] 1.40 software (the level of NF-kB activity in
mock cells was arbitrarily established at 1). Results represent means
+ SD of three independent experiments. * p < 0.05.
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Fig. 7. Enhanced HIV-1 replication in MDMs treated with HIV-1
Nef and HCV Core depends on TRAF2, TRAF5 and TRAF6. a En-
hanced LTR stimulation in transfected U937 cells treated by HIV-1
rNef and HCV rCore. U937 cells (2 x 10°) were transiently trans-
fected with 20 pg of pLTR-Luc, or 20 pg of pLTRmut-NF-«B-Luc.
24 h later, transfected cells were treated with HIV-1 rNef (100 ng/
ml), HCV rCore (100 ng/ml) or HIV-1 rNef (100 ng/ml) + HCV
rCore (100 ng/ml). 48 h after transfection, luciferase activity was
measured in cell lysates as described in ‘Materials and Methods’.
Values normalized to protein concentrations were expressed as fold
increase over unstimulated control values. Results represent mean
values = SD of three independent experiments. * p < 0.05. b En-
hanced HIV-1 replication in chronically infected Ul promonocytic
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cells treated with HIV-1 rNefand HCV rCore. Upper panel: U1 cells
were treated with HIV-1 rNef (at the concentration specified) or
HCV rCore (at the concentration specified) in the presence and ab-
sence of neutralizing anti-Nef and anti-HCV Core mAbs. Lower
panel: U1 cells were treated with HIV-1 rNef (500 ng/ml), HCV
rCore (500 ng/ml) or HIV-1 rNef (500 ng/ml) + HCV rCore (500
ng/ml) boiled at 100°C for 10 min or not. p24 was measured in cul-
ture supernatants 72 h after treatment. Representative results of
three independent experiments are shown. ¢ HIV-1 replication in
MDMs is enhanced by treatment with HIV-1 rNef and HCV rCore.
MDMs were infected overnight with HIV-89.6 (10 ng p24/4 x 10°
cells). After extensive washes with PBS to remove the unadsorbed
inoculum, MDMs were treated with HIV-1 rNef (100 ng/ml), HCV
rCore (100 ng/ml) or HIV-1 rNef (100 ng/ml) + HCV rCore (100
ng/ml) every 3 days and p24 was measured in culture supernatants
up to 15 days postinfection. Results represent mean values + SD of
two independent experiments. d Enhanced HIV-1 replication in
MDMs treated with HIV-1 rNef and HCV rCore involves TRAF2,
TRAF5 and TRAF6. 48 h before infection with HIV-1 89.6 in the
absence and presence of treatment with HIV-1rNefand HCV rCore,
MDMs were transfected with a mixture of TRAF2/TRAF5/TRAF6
siRNAs, a mixture of TRAF1/TRAF3/TRAF4 siRNAs, or a scram-
bled control. Transfected MDMs were infected overnight with HIV-
89.6 (10 ng p24/4 x 10° cells). After extensive washes with PBS to
remove the unadsorbed inoculum, MDMs were treated with HIV-1
rNef (100 ng/ml) + HCV rCore (100 ng/ml) every 3 days and p24
was measured in culture supernatants at day 7 postinfection. Results
represent means + SD of two independent experiments. * p < 0.05.
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Fig. 8. Potential enhancing effect of HIV-1 Nef, HCV Core and TRAF (2, 5, 6) on HIV-1 replication in MDMs.
TRAF2, TRAF5 and TRAF6 interact with HIV-1 Nef, HCV Core interacts with TRAF2 and TRAF5, and HIV-1
Nef interacts with HCV Core. The TRAF (2, 5, 6) activation mediated by HIV-1 Nef and HCV Core enhances
NEF-«B activation and increases HIV-1 replication in MDMs, and could be a critical factor for optimal replication
of HIV-1 in MDMs of HIV-HCV-coinfected patients.

Since NF-kB DNA-binding sites are present in the
HIV-1 LTR, we determined the effects of HIV-1 Nef and
HCV Core, alone and together, on provirus transcription
in the promonocytic cell line U1, U937 cells that contain
two integrated HIV copies per cell. We measured HIV-1
replication in Ul cells following treatment with HIV-1
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rNef and HCV rCore, alone or together. Both HIV-1 rNef
and HCV rCore proteins stimulated viral replication in U1l
cells in a dose-dependent manner as measured by p24 as-
say (fig. 7b). The highest viral replication was detected in
culture supernatants of U1 cells cotreated with HIV-1 rNef
and HCV rCore (fig. 7b), indicating an additional effect of
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the two proteins on HIV-1 transcription. To rule out the
possibility that a TNFa inducer, such as lipopolysaccha-
ride, enhanced viral replication in U1 cells, we boiled HIV-
1 rNef and HCV rCore at 100°C. Boiling abolished viral
replication in Ul cells stimulated with the two proteins
either alone or together (fig. 7b), indicating that both HIV-
1 Nef and HCV Core, but not lipopolysaccharide contam-
ination, were responsible for enhanced replication.

Since HIV-1 Nef and HCV Core additionally stimu-
lated viral growth in chronically infected U1 cells, we as-
sessed their effect on viral growth following acute infec-
tion of primary human MDMs with HIV-1. First, we
measured the presence of intracellular Nef and Core pro-
teins by flow cytometric analysis following in vitro treat-
ment of primary human MDMs with rNef and rCore. We
observed that following treatment of MDMs with recom-
binant Nef and Core proteins, only very low amounts of
viral proteins were detected on the cell surface, whereas
most of the viral proteins were detected intracellularly
(online suppl. fig. 1; for all online supplementary mate-
rial, see www.karger.com/doi/10.1159/000350517). Then
we measured viral growth in primary MDMs infected
with HIV-89.6 (10 ng p24/4 x 10° cells) and treated with
HIV-1 Nef and HCV Core. HIV-1 rNef and HCV rCore
enhanced HIV-1 replication in MDMs by 1.5-fold at day
8 after infection versus untreated infected cells (fig. 7c).
When acutely infected MDMs were treated with the two
proteins together, the viral growth was enhanced by ap-
proximately 2-fold at day 8 after infection versus untreat-
ed infected cells (fig. 7c), indicating an additional action
of HIV-1 Nef and HCV Core on HIV-1 replication in
MDMs. The knockdown of TRAF2, TRAF5 and TRAF6
repressed HIV-1 replication in acutely infected MDMs
treated with HCV rCore and HIV-1 rNef, whereas the
knockdown of TRAF1, TRAF3 and TRAF4 had no effect
(fig. 7d). Our results indicate that in MDMs acutely in-
fected with HIV-1 and treated with HCV rCore and HIV-
1 rNef, the HIV-1 replication depends on an upstream
signal mediated through TRAF2, TRAF5 and TRAF6.

Discussion

We observed that TRAF2, TRAF5 and TRAF6 interact
with HIV-1 Nefand that HCV Core interacts with TRAF2
and TRAF5. We also found that HIV-1 Nef interacts with
HCV Core. The TRAF (2, 5, 6) recruitment mediated by
HIV-1Nefand HCV Core enhanced the activation of NF-
kB and increased HIV-1 replication in MDMs. Our re-
sults reveal a mechanism by which the activation of the

HIV-1 Replication in Macrophage by Nef
and HCV Core

TRAF pathway by HIV-1 Nef and HCV Core favors the
replication of HIV-1in MDMs (fig. 8) and could be a crit-
ical factor for optimal replication of HIV-1 in MDMs of
HIV-HCV-coinfected patients.

We previously reported that HIV-1 rNef activates NF-
kB and induces IkBa phosphorylation and degradation in
promonocytic cells U937. In agreement with our results,
since phosphorylation of IkBa at serine is induced, my-
ristoylated rNef probably activates IKK-{, the only kinase
known to phosphorylate IkBa directly. We previously ob-
served that the rNef-triggered activation of NF-«kB was
mediated via the canonical NF-kB complex p50/p65 in
monocytic cells [21]. Our data now indicate that both
HIV-1 rNef and HCV rCore activate NF-kB in MDMs,
and that the canonical NF-«xB pathway is involved in this
phenomenon. The amount of HIV-1 Nef and HCV Core
proteins detected in the serum of infected subjects is
around 1-10 ng/ml and 0.1-10 ng/ml, respectively [29,
35]. Nevertheless, we cannot rule out that higher amounts
of exogenous Nef and HCV Core proteins could be pres-
ent in tissue compartments such as lymph nodes where
macrophages and infected lymphocytes tightly interact
[36, 37]. Additionally, the amounts of Nef detected in the
serum of patients may be even higher than 10 ng/ml when
taking into account the presence of Nef/anti-Nef immune
complexes [35, 38, 39]. Circulating immune complexes
are detected in HCV chronic infection and the HCV Core
protein is a constitutive component of these immune
complexes. Additionally, the HCV Core protein can self-
assemble to multimeric complexes [40, 41].

We observed the highest levels of NF-kB activation in
PBMCs and monocytes isolated from the peripheral
blood of coinfected subjects. High donor-linked variabil-
ity between monocytes/macrophages from different do-
nors, in particular for their in vitro HIV-1 susceptibility,
has been reported previously [42, 43]. Although we ob-
served variability between peripheral blood cells (PBMCs,
monocytes, PBLs) from different donors for NF-«B acti-
vation, NF-kB activation was 2-fold higher in cells iso-
lated from coinfected patients than in cells isolated from
monoinfected patients. Additionally, our results indicate
that, although both HIV-1 Nef and HCV Core activate
NF-kB independently, the two viral proteins act addition-
ally on the NF-«B activation in MDMs. The optimal acti-
vation of NF-kB observed following the treatment of pro-
monocytic cells and MDMs with HIV-1 rNef and HCV
rCore could be initiated at the cell’s surface, or most prob-
ably just below the plasma membrane. In agreement with
this hypothesis, we observed previously that HIV-1 rNef
activates NF-kB in MDMs via its myristoylation domain
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and via lipid rafts [32]. Additionally, HCV Core, TRAF2,
TRAF5 and TRAF6 can be recruited to lipid rafts and
have been reported to activate NF-«B [31, 44]. Recently,
HIV-1 Nef has been reported to induce a proinflamma-
tory state in macrophages through its acidic cluster do-
main and the involvement of TRAF2 [45]. Our results
expand these previous observations by indicating that
both HIV-1 Nef and HCV Core bind to several members
of the TRAF family, namely TRAF2, TRAF5 and TRAF6.
In addition to the acidic cluster domain of HIV-1 Nef in-
volved in binding to TRAF2 (AXEE) already reported by
others [45], we observed a minor TRAF-binding consen-
sus sequence (PxxQxxT) which could bind TRAF5 and a
TRAF6-binding consensus sequence (PxExxD/E/F/W/Y)
in the C-terminal region of HIV-1 Nef (aa 55-206; online
suppl. fig. 2). We also detected putative TRAF-binding
motifs in the N-terminal region of HCV Core (aa 1-126;
online suppl. fig. 3).

We observed a direct binding between HIV-1 Nef and
HCV Core, indicating a potential crosstalk between the
two viruses resulting in an optimal NF-«B activation, es-
pecially in macrophages. The plasma membrane via lipid
rafts and/or detergent-resistant membranes could be a
critical platform where HIV-1 Nef and HCV Core pro-
teins colocalize within the cell leading to an optimal rep-
lication of HIV-1 in macrophages [46, 47]. HIV Nef an-
chors to the membrane through its myristoylation signal
[48] and HCV Core contains a C-terminal anchor se-
quence [49]. Although HIV-1 Nef has been reported to
bind to the CXCR4 receptor on the cell surface [50], in
MDMs treated in vitro with rNef and rCore, we detected
the two viral proteins within the cells rather than bound
on the cell’s surface using flow cytometric analysis (online
suppl. fig. 1). Therefore, we believe that increased NF-«xB
activation and enhanced HIV replication in MDMs re-
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