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Abstract

HIV viremia is associated with a wide range of immune dysfunctions that contribute to the immunocompro-
mised state. HIV viremia has been shown to have a broad effect on several immune cell types and=or their
interactions that are vital for mounting an effective immune response. In this study, we investigated the integrity
of plasmacytoid dendritic cell (pDC)-NK cell interactions among HIV viremic, aviremic, and seronegative in-
dividuals. We describe a critical defect in the ability of pDCs from HIV-infected individuals to secrete IFN-a and
TNF and subsequently activate NK cells. We also describe an inherent defect on NK cells from HIV-infected
individuals to respond to pDC-secreted cytokines. Furthermore, we were able to demonstrate a direct effect of
HIV trimeric gp120 on NK cells in vitro similar to that described ex vivo. Finally, we were able to establish that the
HIV gp120-mediated suppressive effect on NK cells was a result of its binding to the integrin a4b7 expressed on
NK cells. These findings suggest a novel mechanism by which HIV is capable of suppressing an innate immune
function in infected individuals.

Introduction

Natural killer (NK) cells are an integral component of
the innate immune system primarily responsible for

killing virus-infected cells and tumor cells.1 These cells were
originally identified by their ability to lyse certain tumor cells
without prior activation; however, they do not express clon-
ally distributed antigen-specific receptors.2 Furthermore, it
has been established that HLA-class I molecules inhibit cy-
tolytic activity of NK cells by their interaction with a series of
cytotoxicity inhibitory receptors (iNKR).3,4 NK cells also ex-
press activating receptors (NCRs) on their surface, which bind
to ligands on target cells.5 The activation of NK cells and
their subsequent cytotoxic activity result from a balance
between the stimulation of iNKRs and the cytotoxicity re-
ceptors.4,6 Activated NK cells also secrete cytokines and che-
mokines that induce inflammatory responses, regulate cell
proliferation and function of monocytes and granulocytes,
and influence the type of adaptive immune responses gener-
ated.7

Several previous studies have demonstrated the effects of
HIV viremia on the immune system.8 HIV viremia is associ-
ated with global suppressive effects on all immune-competent

cells including CD4þ T cells, CD8þ T cells, NK cells, plasma-
cytoid dendritic cells (pDCs), and myeloid dendritic cells.8

Recently, it has been demonstrated that HIV viremia is asso-
ciated with several functional and phenotypic defects in-
cluding increased expression of iNKRs, decreased expression
of NCRs, and decreased secretion of CC-chemokines and
cytokines.9 Furthermore, recent studies have shown that ex-
posure to gp120 decreases cellular proliferation and increases
the propensity of NK cells to undergo apoptosis.10 These
studies also demonstrate that exposure to the HIV envelope
inhibits NK-mediated lysis of target cells, thereby allowing
the virus to replicate. Similar effects of HIV viremia and HIV
gp120 on pDCs have also been demonstrated.11 Ashkar and
Rosenthal have shown that stimulation of NK cells using TLR-
9 agonists can activate NK cells and provide protective im-
munity against herpes virus infection.12 A recent study has
illustrated that this effect of TLR-9 agonists on NK cells is
mediated by pDCs, probably through the secretion of inter-
feron (IFN)-a.13 Given the profound suppressive effects of
HIV viremia and HIV envelope proteins on both NK cells and
pDCs, we investigated the integrity of pDC-NK cell cross-talk
in the context of TLR-9-mediated activation in HIV viremic
individuals in this study.
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Materials and Methods

Study subjects

Peripheral blood mononuclear cells (PBMCs) were ob-
tained from HIV-negative (N¼ 20) and HIV-infected (N¼ 40)
donors. Each donor underwent leukapheresis after signing
informed consents approved by the Institutional Review
Board of the National Institute of Allergy and Infectious
Diseases, National Institutes of Health. HIV-infected viremic
(N¼ 20) patients were either off antiretroviral therapy (ART)
for over 3 months or naive to ART at the time of the study
(HIV VL mean 33,453� 2345 copies=ml, CD4þ T cell count
432� 98 cells=mm3). HIV-infected aviremic (N¼ 20) individ-
uals were receiving ART that consisted of at least two non-
nucleoside reverse transcriptase inhibitors and a protease
inhibitor or nonnucleoside reverse transcriptase inhibitor at
the time of the study (HIV VL<50 copies=ml and CD4þ T cells
542� 101 cells=mm3). The median duration of HIV viral load
suppression was 7.2 months.

PBMC isolation and cell culture conditions

PBMCs were isolated by Ficoll-Paque PLUS (GE Health-
care) density gradient centrifugation and cultured in RPMI
1640 media at 378C in the presence or absence of ODN-C,
M362, 50-tcgtcgtcgttc:gaacgacgttgat-30 (25-mer with phos-
phorothiorate bases) (Invivogen) (1 mg=ml), and trimeric R5-
gp120 (92Ug037,1 mg=ml, 2mg=ml) and=or 5mg=ml each of
anti-IFN-aR antibody (Calbiochem), anti-TNF and anti-
interleukin (IL)-12 antibodies (R & D Systems, Inc., Minnea-
polis, MN). Culture supernatants were collected after 24 h and
stored at –808C for later analysis. Control ODN without CpG
motifs, ODN1585 (Invivogen) 50-ggGGTCAAGCTTGAgggg
gg-30, was used as negative control (1mg=ml). Experiments
utilizing the transwell format were set up in which pDCs
and NK cells cultured with the transwell tissue culture
plates (0.4 mm membrane with 6.5 mm insert, Costar), where
the pDCs were cultured in the upper chamber and the NK
cells in the lower chamber without any cell-to-cell contact
between them for a period of 24 h. Purified NK cells were
also cultured in complete RPMI and IL-2 (20 IU=ml) with
each of the following cytokines [rIFN-a2b 100 IU=ml, tumor
necrosis factor (TNF) 10 ng=ml and IL-12 10 ng=ml, R & D
Systems Inc, Minneapolis, MN] for a period of 24 h be-
fore staining for levels of activation markers and cytokine
secretion. The a4 integrin monoclonal antibody (HP2=1)
was purchased from Santa Cruz Biotechnology Inc., Santa
Cruz, CA.

Depletion of lymphocyte subsets

PBMCs were depleted of pDCs, B cells, CD4þ T cells, and
CD8þ T cells using respective magnetic bead separation
techniques following the manufacturer’s instructions (In-
vitrogen Corporation, Carlsbad, CA; Miltenyi Biotech Inc.,
Auburn, CA). Depleted PBMCs were highly pure (>99%).

Isolation of natural killer cells

Highly purified NK cells were obtained from PBMCs using
a magnetic bead separation technique as previously described
(Stem Cell Technologies Inc., Vancouver, Canada).14 Isolated
NK cells had a purity of >90%.

Isolation of plasmacytoid dendritic cells

Eighty million PBMCs were resuspended in cold MACS
buffer (PBS, 2 mM EDTA, 0.5% BSA) at a concentration of 100
million cells=0.3 ml and incubated with 50 ml FcR blocking
reagent (Miltenyi Biotech Inc., Auburn, CA) for 10 min at 48C
followed by a 15-min incubation with 50 ml anti-BDCA-4
beads (Milenyi Biotech Inc., Auburn, CA). Cells were then
washed, resuspended in MACS buffer (200 million cells=ml),
and run over an LS column as previously described.15 Eluted
cells were counted and plated in a 24-transwell plate at a
concentration of 2 million cells=ml.

Cytokine detection

The cytokines IFN-g, TNF, RANTES, MIP-1a, and MIP-1b
were detected on the BD FACSArray bioanalyzer utilizing the
BD Cytometric Bead Array (CBA) Flex Sets. Acquisition and
analysis were performed according to the manufacturer’s
protocol (BD Biosciences, San Jose, CA). IFN-a, TNF, and IL-
12 levels from the culture supernatants were detected using
ELISA performed according to the manufacturer’s protocol
(R & D Systems, Minneapolis, MN).

Flow cytometry

CD69 expression on NK cells defined by CD56 APC
and CD16 PE-Cy7 staining was measured by flow cytome-
try utilizing PE-conjugated anti-CD69 antibodies after over-
night incubation with cytokines, respective antibodies, and
CpG using a BD Biosciences FACSArray bioanalyzer as pre-
viously described.14 Analysis was performed using FlowJo
software (Treestar Inc., Ashland, OR) as previously de-
scribed.14

bDNA multiplex assay

Expression of interferon-inducible genes (IFIG) in PBMCs
was measured using a multiplex bDNA assay capable of de-
tecting the expression of 35 genes. The RNA transcripts are
released from cells in the presence of Lysis Mixture and hy-
bridized to the Probe Sets. The RNA-Probe Set complexes are
captured to their respective Capture Beads through the co-
operative hybridization of multiple CEs with the Capture
Probes on the Capture Beads during an overnight incubation.
Signal amplification is performed by sequential hybridization
of the bDNA Amplifier and biotinylated Label Probe. The
streptavidin-conjugated R-phycoerythrin (SAPE) binds to the
biotinylated Label Probe. The Capture Beads are analyzed
using a Luminex instrument. The amount of each target RNA
present in a sample is quantified by determining the amount
of SAPE fluorescence signal and the identity of the beads. The
levels of gene expression of B2M, GAPDH, APOBEC3A,
APOBEC3B, EIFAK2, G1P3, IFI27, IFI44, IFIT1, IFIT3, IFITM3,
IFNA2, IFNB, IFNG, IRF7, ISG15, ISG20, LY6E, MX1, MX2,
OAS1, OAS2, PLSCR1, PPIA, SP110, and STAT1 were mea-
sured.

Statistical analysis

Analysis of variance with Tukey’s multiple comparison test
was used to compare means of the three independent groups.
The paired t test with the Bonferroni adjustment for multiple
testing was used to compare paired responses.
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Results

Activation of NK cells by CpG-ODN-C (CpG) treatment
of PBMCs is mediated by secretion of IFN-a and TNF by pDCs

Unfractionated PBMCs stimulated by CpG yielded a higher
proportion of activated NK cells as indicated by increased

expression of CD69. Further experiments using transwells
that separate pDCs and NK cells indicate that CpG-mediated
activation of NK cells was an indirect effect mediated by
pDCs, mostly by the secretion of soluble factors. When we
measured the levels of cytokine and chemokine secretion by
NK cells, our results indicate that CD69 expression is a reliable
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FIG. 1. NK cells from HIV-infected individuals failed to respond to CpG activation. (A) Levels of CD69 expression were
measured in HIV-seronegative, HIV-viremic, and HIV-aviremic individuals. pDC-mediated stimulation of NK cells, as
determined by CD69, was lower in both HIV-viremic and aviremic individuals compared to HIV seronegatives ( p< 0.001).
Levels in viremic and aviremic individuals were similar ( p¼ 0.2). (B) PBMCs from all three groups of individuals were
treated with blocking receptor for IFN-a and a blocking antibody for TNF. The results showed a significant decrease in CD69
expression with the addition of the antibodies, indicating that IFN-a and TNF are primarily responsible for pDC-mediated
activation of NK cells. (C) To further understand the cause for this decrease in activation, PBMCs from each of the three
groups of individuals were treated with or without IFN-a, TNF, and IL-12. Whereas NK cells from all three groups responded
to the cytokines, NK cells from viremic and aviremic individuals responded less when compared to those from the HIV-
seronegative group ( p< 0.001 for each of the three cytokines). The level of CD69 on NK cells in PBMCs without any
stimulation was subtracted from the levels obtained after stimulation with each cytokine.
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marker of NK cell activation. Blocking of the major cytokines
secreted by pDCs (IFN-a and TNF) clearly establishes that
activation of NK cells is mediated by secretion of IFN-a and
TNF. Both cytokines were capable of activating NK cells and
supernatants of CpG-stimulated pDCs contained high levels
of both TNF and IFN-a, which was consistent with the results
observed using blocking antibodies. These results indicate
that IFN-a and TNF are the major cytokines secreted by CpG-
stimulated pDCs resulting in the activation of NK cells.
Human pDCs do not secrete IL-12 in response to CpG stim-
ulation and hence do not play a major role in our experimental
conditions (data not shown).

NK cells from HIV-infected viremic individuals
are not responsive to CpG-stimulated pDCs

To understand the effect of HIV viremia on CpG-mediated
activation of NK cells and to study the interactions between
pDCs and NK cells carefully, we performed experiments
measuring CD69 expression on PBMCs from HIV-negative,
viremic, and aviremic individuals. As shown in Fig. 1A, NK
cells from both HIV viremic and aviremic individuals had
lower levels of CD69 expression after treatment with CpG
when compared to those from normal HIV-negative indi-
viduals (24%� 1, 28%� 1, and 55%� 2, respectively,
p< 0.001). When we examined the underlying mechanism in
activating NK cells among the three groups (Fig. 1B), we
found that CD69 expression was mainly mediated by IFN-a
and TNF. To distinguish between the effects of HIV viremia
on pDCs versus NK cells, we performed experiments in which
we treated PBMCs from HIV-negative, viremic, and aviremic
individuals with IFN-a, TNF, and also IL-12, a cytokine, that
activates NK cells. As seen in Fig. 1C, NK cells from HIV

viremic and aviremic individuals had lower levels of CD69
expression upon stimulation with these cytokines when
compared to HIV-negative individuals (for IFN-a, 24%� 1,
27%� 1, and 44%� 2, respectively, p< 0.001; for TNF,
17%� 1, 21%� 1, and 31%� 1, p< 0.001; and finally for IL-12,
14%� 1.0, 17%� 1, and 37%� 1, respectively, p< 0.001). To
determine whether the decrease in NK cell activation resulted
from lower levels of IFN-a and TNF secreted by pDCs, we
performed ELISA to measure the levels of each cytokine in the
culture supernatants. The change in the levels of IFN-a
(Fig. 2A) and TNF (Fig. 2B) was significantly lower in HIV-
infected viremic and aviremic individuals than in HIV-
seronegative controls, indicating that less cytokine is being
secreted by pDCs in HIV-infected groups (for IFN-a,
278 pg=ml� 23, 377 pg=ml� 39, and 977 pg=ml� 39, respec-
tively, p< 0.001; for TNF, 35 pg=ml� 5, 61 pg=ml� 7, and
111 pg=ml� 9, respectively, p< 0.001). These results indicate
that the lower CD69 surface expression on NK cells from HIV-
infected aviremic and viremic individuals is due to a non-
responsiveness of NK cells to stimulation by IFN-a and TNF
secreted by pDCs as well as to a decline in the amount of IFN-
a and TNF secreted by pDCs and=or the quantity of viable
pDCs in the culture system.

Refractoriness to exogenous IFN-a in HIV-infected
individuals correlated to elevated IFIG
expression in PBMCs

Previously we indicated that HIV-infected individuals with
high levels of IFIG expression in PBMCs undergoing treat-
ment for HCV do not respond to IFN-a in vivo.16 High baseline
expression of IFIGs was also found to be associated with a
poor in vivo antiviral effect of IFN-a in HIV mono-infected
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FIG. 2. CpG-induced stimulation of PBMCs from HIV-infected individuals results in lower levels of IFN-a and TNF
secretion. IFN-a (A) and TNF (B) levels were measured from supernatants collected 24 h after treatment with CpG. The
changes in IFN-a and TNF levels were significantly less in viremic and aviremic individuals compared to the changes in
seronegative individuals ( p< 0.001). Baseline levels of IFN-a present in the supernatants were not statistically different
among HIV-negative, HIV-viremic, and aviremic subjects (mean 45.3 pg=ml, 38.4 pg=ml, and 33.95 pg=ml, respectively,
p> 0.05). The change in the TNF levels was greater in aviremic than in viremic individuals ( p¼ 0.05). The change in IFN-a
was not ( p¼ 0.15).
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individuals (unpublished observations). Because the effects of
endogenous IFN-a secretion on peripheral immune cells types
have not been studied extensively, we explored the possibility
of such an effect that was primarily responsible for the re-
fractoriness of NK cells from HIV viremic individuals seen in
this study. In this regard, we examined the levels of expres-
sion of IFIGs in PBMCs among all patients who participated in
this study using a custom multiplex bDNA assay that can
detect 20 IFIGs at the same time. The results indicate that there
is increased expression of IFIGs in PBMCs of HIV-infected
individuals, both viremic and aviremic, when compared to
HIV-seronegative normal volunteers (Fig. 3, p< 0.01 and
p< 0.02, respectively). NK cells from HIV aviremic individ-
uals had lower expression of IFIGs when compared to those
from HIV viremic individuals ( p< 0.04); however, they were
still higher than that seen in NK cells of normal volunteers
( p< 0.02). These results suggest that high IFIG expression in
PBMCs serves as a surrogate marker of refractoriness to IFN-a
seen in HIV-infected patients. Our results show similar levels
of CpG-induced activation of NK cells in both viremic and
aviremic individuals, although at a much lower level when
compared with normals. These findings suggest that although
a variety of immune dysfunctions may be normalized by
rendering a patient aviremic through the control of HIV rep-
lication by ART, some defects may be longer lasting than
others.

HIV gp120 induces refractoriness of NK cells
to IFN-a by interaction with the integrin a4b7 receptor
on NK cells

We performed experiments in vitro to successfully repro-
duce the defective pDC-NK cell interactions seen in HIV-
infected individuals ex vivo by exposing PBMCs to HIV gp120
in vitro. When we stimulated PBMCs from HIV-seronegative
individuals using CpG in the presence or absence of HIV
gp120, we observed that the ability of CpG-stimulated pDCs
to activate NK cells was completely abrogated by exposure to

HIV gp120 (Fig. 4a). We further investigated whether this
effect of HIV gp120 on pDC-NK interactions was predomi-
nantly mediated by the effect of HIV on pDCs or NK cells by
repeating the same experiments by treating either pDCs
alone, NK cells alone, or both with HIV gp120 before stimu-
lation with CpG. The results indicate that HIV gp120 did exert
profound suppressive effects on PDCs and NK cells, although
maximal suppression was observed when both cell types
were treated with HIV gp120 (Fig. 4b). Finally, we performed
experiments to investigate the role of a4b7, the newly de-
scribed HIV receptor on NK cells, CD4þ, and CD8þ T cells,17

in interacting with HIV gp120, resulting in the suppression of
NK cell activation (Fig. 4c). When we added CpG-stimulated
pDCs to NK cells with or without gp120 treatment in the
presence or absence of a4-integrin antibodies, pretreatment of
NK cells with a4 integrin antibody completely reversed the
effect of gp120 on NK cell activation (Fig. 4c). Treatment of a4

integrin antibodies did not have any effect on normal or CpG-
stimulated NK and pDCs. The effect of gp120 on pDCs is
complex as gp120 can bind to CD4 and DC-SIGN on the
surface of pDCs other than the a4b7 integrin receptor.11 The
effects of gp120 on pDCs have been recently described and
our investigations were mainly focused on the effect of gp120
on NK cells, which seem to be mediated by binding to the a4b7

integrin receptor.

Discussion

In this study, we report that CpG-induced activation of NK
cells from HIV-infected individuals was significantly im-
paired when compared to that of HIV-seronegative individ-
uals. Our results suggest that this dysfunction is due both to a
nonresponsiveness of NK cells to the cytokines IFN-a and
TNF and to a defect in secretion of IFN-a and TNF by pDCs
from HIV-infected individuals. Both HIV viremic and avire-
mic individuals exhibited similar signs of dysfunction, indi-
cating that this defect is probably a result of global activation
by HIV infection and not entirely due to HIV viremia itself.
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FIG. 3. Expression of interferon-inducible genes (IFIGs) in PBMCs from viremic, aviremic, and seronegative individuals
was measured as described in Materials and Methods. PBMCs from HIV viremic and aviremic individuals expressed
significantly higher levels of IFIGs when compared to those in PBMCs from HIV-negative individuals ( p< 0.01 and 0.02,
respectively). The Y axis is log2 expression of IFIG genes, which represents fold changes.
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CpG binds to the intracellular TLR-9 receptor on immune-
competent cells and activates them, thereby facilitating the
development of a robust immune response.18 Hence, the use
of CpG has been proposed as an adjuvant for vaccines.19–21

Although most immune-competent cells express TLR-9, CpG
primarily exerts its effect on pDCs and B cells.22 Upon binding
to TLR-9, pDCs and B cells are activated and express costi-
mulatory molecules (CD80, CD86) and class II MHC mole-
cules, and secrete cytokines that result in activation of other
immune-competent cells.23 Although CpG has no direct effect
on activation of NK cells when cultured with other pDCs, NK
cells nonetheless become activated.13 CD69 expression on NK
cells has been shown to correlate with NK cell cytotoxicity.24

Recently, it has been shown that CpG-adjuvant vaccination
can result in prevention of herpes virus infection at the mu-
cosal surface by recruiting NK cells in a murine model.25

Furthermore, the significance of the reciprocal interaction
between pDCs and NK cells on innate and adaptive immune
functions against microbes has been clearly described.26 Re-
cent studies have shown that PBMCs27 or pDCs28 from HIV-
infected individuals stimulated by TLR-9 agonists secrete less
IFN-a. Moreover, some studies have also addressed the im-
portance of IFN-a secretion for optimal function and activa-
tion of NK cells.29,30 In this study, we describe the specific
defects in pDC-NK cross-talk in HIV-infected individuals. We
are also able to reproduce the in vivo effects of HIV viremia to
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FIG. 4. HIV gp120-mediated interference of pDC-NK cell cross-talk involves direct binding to the integrin a4b7 receptor on
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described below. (A) PBMCs from healthy normal volunteers were treated with trimeric HIV gp120 (1 mg=ml) for 1 h at 378C.
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some degree utilizing direct interactions involving trimeric
HIV gp120 and NK cells.

Our results clearly showed that NK cells from HIV-infected
individuals had a poor response to CpG stimulation when
compared to that of HIV-negative individuals. Such impair-
ment could potentially be due to an inability of pDCs to se-
crete IFN-a and TNF cytokines, a lower number of pDCs
secreting IFN-a and TNF, and=or a nonresponsiveness of NK
cells to IFN-a and TNF stimulation. The results indicate that
activation of NK cells from HIV-infected individuals was still
mediated primarily by IFN-a and to a lesser degree by TNF.
When we used recombinant cytokines to activate NK cells, we
observed a reduced level of activation from all three cytokines
tested suggesting that there is an inherent defect in NK cells
from HIV-infected individuals to respond to these cytokines.
Several studies have suggested that reconstitution of pDC
numbers and function is not complete even after initiation
of ART and complete suppression of HIV viral load in
plasma.31–34 However, this does not rule out an alternate
mechanism involving a reduction in the number of pDCs se-
creting IFN-a and TNF in HIV viremic patients. When we
tested the supernatants of PBMCs activated by CpG for the
levels of IFN-a and TNF from all three groups of patients, we
found that HIV-infected individuals (both viremic and
aviremic) had significantly lower levels of IFN-a and TNF.
Because purified NK cells were unresponsive to recombinant
IFN-a and TNF, the lack of secretion of IFN-a and TNF by
pDCs is probably not a major mechanism in the dysfunction
of NK cells activated by CpG in HIV-infected individuals.
The failure of NK cells to respond to CpG-activated pDCs is
due mainly in an inherent nonresponsiveness to the cytokines
and not exclusively to an inability of pDCs to secrete these
cytokines.

Most studies have shown that dysfunctions in immune-
competent cells in HIV-infected individuals are associated
with HIV viremia.9,35 Many of these defects are reversed by
controlling ongoing HIV replication in vivo by ART.36,37 Our
results show statistically similar levels of activation of NK
cells in both viremic and aviremic individuals, however, at a
much lower level when compared with normals. These find-
ings suggest that although a variety of immune dysfunctions
may be normalized by the control of HIV replication by
ART, some defects are longer lasting than others. The clinical
implications of these long-lasting effects are not clearly un-
derstood. It is also possible that these defects reflect a phe-
nomenon associated with global immune activation, which
can persist even after control of viremia.16 It is not yet clear
why some individuals may have persistent immune defects
even after control of HIV viremia and recovery of CD4þ T
cells. However, our results suggest that HIV-induced immune
dysfunction is much more pronounced in NK cells than in
other cell types. Similar results of persistent IFN-a nonre-
sponsive states have been previously described in vivo in
HCV=HIV-coinfected individuals who fail to respond to pe-
gylated interferon-a and ribavirin.16 The significance of this
persistent immune activation and interferon nonresponsive-
ness is currently not understood. It is also plausible that re-
covery of complete immune function for pDCs and NK cells
may need a period of viral control much more prolonged than
the average time of viral suppression for the study subjects in
this study, which was 11.3 months. Future studies will be
focused on identifying the underlying mechanisms involved

in the HIV-induced immune defects that render immune cells
nonresponsive to cytokines.

Our study demonstrates a defective pDC-NK cell interac-
tion in HIV-infected individuals; however, it should be noted
that this does not explain all of the NK cell defects seen in HIV-
infected subjects. To completely understand the mechanisms
involved in HIV-mediated suppression of pDC-NK cross-talk
seen in HIV-infected individuals, we attempted to reproduce
ex vivo effects by treating PBMCs with HIV gp120 in vitro.
When PBMCs were stimulated using CpG, in the presence of
HIV gp120, we observed complete suppression of NK cell
activation. It has previously been shown that HIV gp120 is
capable of binding to pDCs and suppressing their ability to
secrete IFN-a in response to CpG,11 which could partly ex-
plain the mechanism for this phenomenon. Moreover, HIV
gp120 has been shown to directly suppress several NK cell
functions in vitro.10 When we performed these experiments in
which we either treated pDCs or NK cells or both with HIV
gp120 in the presence of CpG, we were able to demonstrate
that HIV gp120 had a significant suppressive effect on both
cell types. These findings reiterate the deleterious effect of
HIV on a variety of immune cell types that may result in a
cumulative suppression of immune cell function. HIV gp120
can interact with pDCs by binding to and signaling through
several receptors such as CD4, chemokine receptors, and=or
DC-SIGN molecules.11 However, the receptor on NK cells
responsible for their interactions with the HIV envelope in
mediating this suppressive effect is not completely under-
stood.

We have recently described a receptor for HIV gp120 on
NK cells, CD8þ T cells, and CD4þ T cells.29 The receptor is
integrin a4b7, which is the gut homing receptor on peripheral
T cells.17 Our findings have suggested that this is the main
receptor on NK cells that binds to HIV gp120, and that dis-
ruption of HIV gp120-a4b7 binding completely abrogated HIV
gp120-mediated suppression of NK cell activation. Although
there is a possibility that HP2=1 could be blocking a4b1, the
only other a4 integrin expressed on NK cells, this likely rep-
resents a minor activity for two reasons. First, the interaction
between HIV-1 gp120 and a4b1 is much weaker than gp120
interactions with a4b7. Second, the NK cells we employ ex-
press between 20-fold and 50-fold less b1 than b7. Therefore,
the interactions with a4b1 are a minor component of the gp120
effect that is being described. These findings clearly establish
that HIV gp120-mediated effects on NK cells is primarily, if
not entirely, mediated by its binding to the a4b7 integrin re-
ceptor on NK cells.

Here we describe the profound effects of HIV viremia and
HIV gp120 on yet another immune network involving pDCs
and NK cells, thereby disrupting the ability of the host to
mount effective immune responses. Furthermore, our find-
ings indicate that the direct suppressive effects of HIV gp120
on NK cells is mediated by its binding to integrin a4b7 on NK
cells. These findings could also have a significant impact on
future clinical scenarios in which CpG-based vaccines utilized
against various pathogens might be administered to HIV-
infected individuals.
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