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1. Introduction
The immune system comprises complex cellular and humoral systems, which are forming
an interactive network to recognize and eradicate invading pathogens. Foreign molecules
present on viruses, bacteria and parasites, but not on host cells, are discriminated from self
through pathogen-associated molecular patterns. Upon entry of the pathogen into the body
immediate non-specific immune responses are triggered and within a short time the innate
immune system is completely activated. The innate immune system is composed of multiple
humoral and cellular players, including cytokines, complement proteins, acute-phase
proteins, dendritic cells, macrophages, NK cells, that co-operate in a complex to generate an
efficient defense against infection (Figure 1). At best, these immediate innate immune
responses are able to clear infection or bridge the period until the adaptive, specific immune
response is taking effect.

Fig. 1. Induction of Immune responses
Among the first components activated during the innate immune response is the
complement system that together with interferons, cytokines and chemokines stimulate
innate immune cells, such as dendritic cells (DCs), natural killer (NK) cells, natural killer T
(NKT) cells, monocytes, or macrophages. These factors act in concert until the adaptive arm
of immunity is established. Thus, to control the infection process in the acute phase a coordinated action of the innate immune elements is essential.
In the beginning of an infection viruses and microbes developed different strategies to avoid
the attack of the innate immune system. Also the human immunodeficiency virus (HIV) is
able to overcome innate and adaptive immune responses in infected individuals and
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thereby attenuates the immunity of the host. In the last years the interest in innate immune
responses to control HIV infection significantly increased and this book chapter will
describe various interactions and evasion strategies of HIV and innate immune elements
with a special focus on complement and dendritic cells.

2. Interactions of HIV with humoral components of the innate immune system
Following entry of HIV into the host, humoral components of the innate immune system,
such as complement system, interferons, cyto- and chemokines, are spontaneously activated
and will be discussed here. Together with dendritic cells, which are among the first cells of
the immune system to interact with HIV, the innate humoral components attract other cells
of the immune system, e.g. NK cells or macrophages, to the sites of infection and a first line
of defense is established. To ensure a logical configuration of the chapter, we will first
summarize interactions of HIV with humoral components of the innate system and
subsequently with cellular responses, although these actions cannot be separated and are
proceeding in parallel at mucosal surfaces.
2.1 Interactions of HIV with the complement system
The complement system plays a crucial role during viral infection respecting both innate
and adaptive immune responses. It constitutes the first barrier to control HIV propagation
and can be activated via three different biochemical pathways: the classical, the MBL, and
the lectin pathway (Fig. 2). The classical complement pathway was the first way to be
identified, and activation of the classical pathway occurs when the first component of the
pathway, C1, binds the Fc region of either natural or specific IgG antibody immunecomplexed with viral antigen. The classical pathway is also triggered in an antibodyindependent manner when C1 directly binds to virions or infected cells.
The alternative pathway is activated by direct recognition of certain microbial structures
and the (mannan-binding) lectin (MBL) pathway is triggered by binding of terminal
mannose residues on microbial glycoproteins and glycolipids (Fig. 2). All three pathways
converge in the cleavage of C3, the main complement component, to the anaphylatoxin C3a
and the opsonin C3b. This cleavage initiates a cascade of further activation events. C3b is
covalently deposited on the microbial surface and joins with the C3 convertase to generate
the C5 convertase. This convertase again cleaves C5 into C5a (anaphylatoxin) and C5b. C5b
triggers the formation of the membrane attack complex (MAC), that consists of C5b, C6, C7,
C8 and polymeric C9 molecules (Fig. 2). The formation of the MAC disrupts the microbial
membrane, resulting in lysis of infected cells or pathogens (Stoiber et al., 2007; Speth et al.,
2008). Figure 2 summarizes the activation events of the complement cascade using the
example of a viral particle.
An appropriate control of the over 30 complement proteins, that are participating in the
activation of the three different complement pathways, is crucial to prevent spontaneous
activation and destruction of bystander cells. Thus, the complement system is tightly
controlled by the ‘regulators of complement activation’ or RCAs. RCAs are present in fluid
phase and also membrane-bound on the surface of host cells. Among the most important
RCAs are secreted fH (factor H), C4bp (C4-binding protein), MCP (membrane-cofactor
protein), CD55 (DAF), CD59, and CR1 (Spear et al., 1995; Spiller et al., 1997; Da Costa et al.,
1999; Carroll, 2000).
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Fig. 2. Activation of Complement (C)
Upon entering the host HIV-1 spontaneaously activates the complement system via gp120
and gp41, even in the absence of HIV-specific antibodies, and is hence already coated with
complement fragments at the initial stages of infection. After seroconversion, adaptive
immunity is fully activated, as reflected by the generation of specific anti-HIV-1 antibodies
and activated T cells. Activation of complement is strongly enhanced due to the Ab-C1
interactions, and deposition of complement fragments on virions dramatically increased by
virus-bound Abs. Accordingly, opsonized infectious viral particles accumulate in HIV-1positive individuals during the acute and chronic phase of infection and complement
activation results in multifaceted outcomes. Despite the clearance and neutralization of HIV1 virions by action of complement, it also accounts for the spread and maintenance of HIV
during the infection. During the budding process, HIV acquires membrane-anchored RCAs
such as CD59, CD55 and binds fH in fluid-phase (Frank et al., 1996). Therefore the virus is
efficiently protected from complement-mediated lysis (CoML). Only at early stages of
infection, CoML is suggested to contribute to the control of the virus before the adaptive
immunity is fully activated. At later stages of infection, CoML seems to play a minor role in
reducing the viral burden in infected individuals (Stoiber et al., 2007; Huber et al., 2008).
HIV that is not killed by complement-mediated lysis, persists covered with C3 fragments in
the host. Thus, opsonized HIV accumulates in all so far tested compartments of the host,
such as blood, lymphatic tissue (LT), brain, mothers milk, or seminal fluid and is able to
interact with complement receptor (CR)-positive cells, e.g. DCs, macrophages, NK cells, B
cells or follicular dendritic cells (FDCs). Opsonized virions were found to bind to
complement receptor-expressing cells, which can promote enhanced viral infectivity and
transmission in vitro.
Furthermore, it was shown that complement by itself or together with dendritic cells is
involved in priming antiviral T cell immunity, therefore suggesting that complement not
only triggers CoML but mediates adaptive immune responses (Kopf et al., 2002;
Banki/Posch et al., 2010). C3-deficiency impeded priming of CD4+ and CD8+ T cells in an
influenza virus model (Kopf et al., 2002), thus supporting this thesis. The exact mechanisms
of complement-mediated T cell priming have not yet been resolved, but as recently shown,
priming of naive CD8+ T cells was significantly enhanced when DCs were exposed to
complement-opsonized HIV compared to DCs stimulated with non-opsonized HIV
(Banki/Posch et al., 2010). This was also confirmed in vivo using the Friend Murine
Leukemia Virus model (Banki/Posch et al., 2010). Therefore, the failure to induce efficient T
cell responses in the absence of complement can be explained by the fact that dendritic cells
(DCs), which ingest C3-coated pathogens via CR3 or CR4, efficiently prime CD8+ T cells,
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resulting in efficient activation of the adaptive immunity. Without C3 the antigen-presenting
capacity of DCs, and consequently T cell priming, could be defective, which has to be
further investigated. In addition, the appropriate cytokine environment for T cell priming
could be altered in the absence of C3 and therefore weaken antigen-presentation.
Beside inducing T cell immunity, complement opsonization of HIV particles also accounts
for the generation of a huge viral reservoir in infected individuals. This can be explained by
the extracellular binding of C3d-opsonized HIV-particles to follicular dendritic cells (FDCs)
in germinal centers (Kacani et al., 2000). Up to 90% of viral particles were shown to bind via
C3d-CR2 interactions on FDCs, creating an additional reservoir for infectious HIV (Pantaleo,
1995; Haase, 1999).
In summary, HIV-complement interactions are very complex and contribute on the one
hand to reduction of the viral load by lysis or neutralization due to opsonization, and on the
other hand to spread of the virus by allowing attachment and maintenance to and on CRexpressing cells.
2.2 Induction of type I interferons and cytokines in acute HIV-infection
During the early stages of HIV infection, high-level viral replication, loss in CD4+ T cell
number and function, and an up-regulation of proinflammatory and immunoregulatory
cytokines can be measured.As recently described, an ordered increase in plasma levels of
multiple cytokines and chemokines was observed in acute HIV-infection (Stacey et al., 2009):

Rapid and transient elevations in IFN and IL-15 levels were succeeded by

a large increase in inducible protein 10 (IP-10),

rapid and sustained increases in tumor necrosis factor alpha (TNF-  and monocyte
chemotactic protein-1 (MCP-1),

a more slowly induction of proinflammatory cytokines such as IL-6, IL-8, IL-12, and
IFN- and

late up-regulation of the immunoregulatory cytokine IL-10.
Plasmacytoid DCs (pDCs) act as the principal source of systemic IFN production in many
viral infections. pDCs were shown in vitro to produce cytokines following the endocytosis of
HIV virions (Beignon et al., 2005) and they are responsible for early elevations in plasma
IFN , and together with myeloid dermal dendritic cells (DCs) in an early increase of IL-15,
and TNF levels. Myeloid DCs are made responsible for the slower and more-prolonged
secretion of an array of cytokines including IL-6, IL-8, IL-12, IL-18, TNF , and IL-10. This
part of the chapter will review the most important facts about some of the cytokines and
their functions in acute HIV infection.
Type I interferons and APOBEC3G in acute HIV infection
Interferons inhibit viral replication within host cells (“interfere”), but they do also have
other functions, like activating immune cells, such as NK cells or macrophages, or upregulating antigen-presentation to T cells. IFN / elicit potent antiviral activities in both
virally infected and non-infected cells (Katze et al., 2002) and they additionally enhance the
antiviral activity of NK cells and macrophages. Furthermore, IFN / induce maturation of
immature pDCs, which is associated with increased expression of CD83, co-stimulatory
molecules and enhanced secretion of cytokines, e.g. IFN , TNF and IL-6 (Cella et al.,
1999) . IFN-secretion during infection causes symptoms like fever or aching muscles.
IFNα inhibits HIV replication, the mechanism by which it blocks replication of HIV in vivo
are not known. The anti-HIV effects of IFN were ascribed to a number of functions
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mediated by this cytokine, including inhibition of early steps in viral replication, inhibition
of HIV gene expression, and effects on viral assembly and budding. HIV-1 activates
plasmacytoid dendritic cells (pDCs) via toll like receptors (TLRs) and induces the secretion
of IFN . IFN secretion is triggered from pDCs in acute HIV-infection via TLR7, TLR8 or
TLR9 signaling (Beignon et al., 2005; Lee et al., 2006; Meier et al., 2007; Mandl et al., 2008;
Zhang et al., 2009). TLRs are pattern recognition receptors (PRRs), which recognize
conserved motifs specific for microorganisms. Certain viral proteins and viral single- or
double-stranded RNAs are detected mainly by TLRs 7 [ssRNA]/8 [ssRNA]/9 [dsRNA]
(Kadowaki et al., 2001; Diebold et al., 2004; Mandl et al., 2008). In acute HIV infection IFN
has a protective role, while chronic immune activation and inflammation associated with the
production of type I interferon are major determinants of disease progression in primate
lentivirus infections (Stoddard et al., 2010). IFN drives the expression of several IFN
regulatory factors (IRFs), and the induction of IFN-stimulated genes (ISGs) by an autocrine
positive feedback loop. In turn, ISGs promote proliferation of immune cells and induce an
antiviral state in cells.
IFN was also demonstrated to potently induce APOBEC3G (Apolipoprotein B mRNAediting enzyme-catalytic polypeptide-like 3G) to abrogate HIV Vif neutralization of
APOBEC3 proteins (Peng et al., 2006). APOBEC3G, a cytidine deaminase, is an innate
intracellular protein with lethal activity against HIV and exerts this intrinsic anti–HIV
activity by introducing lethal G-to-A hypermutations in the viral genome (Casartelli et al.,
2010). While HIV+ patients with progressive disease show a significant decline in pDCs over
time, long term non-progressors (LTNPs) maintain high levels of these cells and this may be
of importance in the innate response in these patients.
TNF- in acute HIV infection

TNF- is a pro-inflammatory cytokine that mediates many inflammatory and immune
functions (rev. in Armitage, 1994). It is produced by NK cells, macrophages, monocytes, T
cells, B cells and neutrophils and exerts its actions via binding to TNF-R1 and TNF-R2.
Attachment of HIV to TNF-R1 and subsequent activation of NFB were demonstrated to
significantly increase HIV-1 replication in cells of the macrophage lineage (Griffin et al.,
1991; Naif et al., 1994; Herbein and Gordon, 1997). This enhancement was further amplified
by IFN-(Han et al., 1996) and a positive autocrine TNF- loop initiated by HIV-1 infection
of monocyte-derived macrophages resulted in increased HIV-1 production (Esser et al.,
1991, 1996, 1998). In contrast, ligation of TNF-  to TNF-R2 resulted in inhibition of HIV-1
replication (Herbein and Gordon, 1997).
Interleukins
IL-15 in acute HIV-infection
The activation of DCs by HIV determines a progressive accumulation of various cytokines,
including IL-15, which subsequently acts as potent inducer of NK cell activation and
cytotoxicity. DC-NK cell cross-talk represents a key mode of the cellular network regulating
the links between innate and the adaptive immune response (Moretta, 2002; Moretta et al.,
2006). IL-15 is produced during acute HIV-1 and SIV (simian immunodeficiency virus)
infection and exerts an influence on viremia and viral set point. The viral set point was
significantly increased during acute SIV-infection upon administration of IL-15. To identify
cytokine biomarkers in plasma during acute HIV-1 infection that predict HIV disease
progression, 30 cytokines were tested in 40 South African women in acute infection and 12
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months post infection. Only a small panel of plasma cytokines during acute HIV-1 infection
was predictive of long-term HIV disease prognosis in this group, namely IL-12p40, IL12p70, IFN-, IL-7 and IL15. While IL-12p40, IL-12p70 and IFN- were significantly
associated with lower viral load, IL-7 and IL-15 were associated with higher viral load
(Roberts et al., 2010).
IL-6 in acute HIV-infection
IL-6 is a pro-inflammatory cytokine produced by macrophages, DCs, T and B cells in
response to bacterial and viral infections. IL-6 mediates B cell stimulation, monocyte
differentiation and induction of IL-4-producing cells (Rincon et al., 1997). It helps
augmenting HIV-1 replication in macrophages and U1 cells (macrophage lineage) and
enhances TNF- -induced up-regulation of HIV-1 production (Poli et al., 1990; Poli and
Fauci, 1992).
IL-10 in acute HIV-infection
IL-10 is an anti-inflammatory cytokine produced by monocytes/macrophages, DCs and
activated T and B cells. This cytokine blocks macrophage activation and inhibits secretion of
the pro-inflammatory cytokines IL-1, IL-6, IL-8, IL-12 or TNF- (rev. in Moore et al, 2002).
IL-10 was shown to interfere with HIV-infection at the early stages of HIV-1 infection
although it does not alter CCR5 surface expression (Montaner et al., 1994; Wang et al., 1998).
Pre-treatment of monocytes with IL-10 significantly decreased HIV-1 RNA expression and
this inhibition of HIV replication was associated with down-modulation of IL-6- and TNF-a
production by IL-10 (Weissman et al., 1994; Naif et al., 1994).
2.3 Induction of -chemokines (MIP-1, MIP-1, RANTES) in acute HIV-infection
MIP-1 (CCL3) , MIP-1 (CCL4) and regulated upon activation normal T-cell expressed and
secreted (RANTES, CCL5) were the first three factors of the -chemokine family identified
as suppressors of HIV infection (Cocchi et al., 1995). These chemokines have been identified
to bind the G-protein coupled receptors CCR5, which acts as co-factor for macrophage-(R5)
and dual-(R5X4)-tropic HIV-1 strains. Similarly, the ligand of CXCR4, SDF-1 (CXCL12) was
shown to suppress infection with T cell-(X4-)tropic HIV strains (Bleul et al., 1996; Oberlin et
al., 1996). Polymorphisms in the CCR5 locus, in particular a 32 bp gene deletion (CCR532)
results in a decreased susceptibility to infection with macrophage-(R5)-tropic HIV-1 strains
(Kramer et al., 2005). CCR532- heterocygotic individuals can be infected with R5-tropic
HIV, but exhibit a significantly slower disease progression, whereas CCR532-homocygotic
individuals are susceptible to infection with X4-tropic HIV-1 strains.

3. Interactions of HIV with cellular components of the innate immune system
Very little is known respecting the earliest events after HIV transmission in the genital tract
or the rectal mucosa and most findings about these early events were acquired from in vivo
models of SIV-infected macaques (Haase, 2005). The in vivo SIV models and ex vivo analyses
in the human system pursue to identify cells and soluble factors involved in HIVtransmission (Haase, 2005; Hladik and McElrath, 2008). R5-tropic HIV-1 particles are
selectively captured by epithelial cells and subsequently transfered to CCR5-expressing
target cells underneath the epithelia. This could be responsible for the selective preferential
transmission of R5-tropic HIV-1 strains (Meng et al., 2002). Langerhans cells (LCs) or other
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dendritic cells are present at the port of the mucosal entry site (in the underlying tissues of
the vagina and cervix) and trap pathogens with their processes that extend to the luminal
surface. Thus, viruses cross the mucosal barrier by attachment or infection of DCs, by
transcytosis (M cells) or by infection of intraepithelial lymphocytes and macrophages (Fig.
3). Various cells of the innate immune system account for building the first line defense
against HIV until the adaptive immune response is fully developed. Among those are LCs,
myeloid DCs, pDCs, that recruite and activate NK cells (Fig. 3), macrophages, and NKT
cells, which will be discussed in this part of the chapter.
3.1 Dendritic cells in acute HIV infection
Dendritic cells are the most potent antigen-presenting cells and can be divided into
conventional myeloid DCs (LCs, dermal DCs, blood DCs) and plasmacytoid DCs (Table 1,
adapted from Altfeld et al., 2011). They differ respecting their location, their C-type lectin and
TLR expression, their role in HIV-infection, their cytokine production and their function
(Table 1, Altfeld et al., 2011). As described very recently (Sabado et al., 2010), depletion of
both, myeloid and plasmacytoid DCs from the circulation already occurs during the early

Table 1. DC-subsets and functions during HIV-infection (adapted from Altfeld et al., 2011,
blood DCs not portrayed)
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phases of HIV infection. The depletion from the circulation is suggested to be due to
preferential re-distribution of both DC types from blood to lymphoid organs. This redistribution is based on the ability of the DCs to up-regulate chemokine-receptor 7 (CCR7),
that causes migration of DCs to the lymph nodes along a CCL19/CCL21 gradient. The
reduction in circulating DC numbers was shown not to be transient, but also detectable in
the chronic phase of infection and under highly-active antiretroviral therapy (Sabado et al.,
2010). Restoration of circulating DCs might represent a key factor in providing an improved
immune response against the virus.
3.1.1 Langerhans cells and HIV
Langerhans cells (LCs) build the first line defense against mucosal infections because they
are situated ideally in mucosal tissues to catch pathogens (Fig. 3). LCs survey the basal and
suprabasal layers of the stratified squamous epithelium of the skin and oral and ano-genital
mucosa for invading pathogens (Katz et al., 1979; Romani et al., 1985; rev. in DeJong and
Geijtenbeek, 2010). Upon capture of Ags, LCs start to mature, which is represented by upregulation of CCR7, co-stimulatory molecules CD80/CD86/CD40, MHC class I and class II
molecules and CD83 and by down-regulation of Langerin and E-cadherin (Merad et al.,
2008). These mature LCs migrate to the lymph node to present the captured Ag to T cells,
thus inducing an efficient immune response (Merad et al., 2008). Despite their important
function in initiating adaptive immune responses, LCs additionally exert innate immune
functions as recently shown (De Witte et al., 2007). LCs characteristically express a specific
set of TLRs (TLR2, 3, 5), high levels of CD1a, the C-type lectin Langerin and intracellular
Birbeck granules that might be crucial to their innate function (Valladeau et al., 2000; Liu,
2001; Flacher et al., 2006; Fahrbach et al., 2007, Romani et al., 2010). Langerin interacts with
HIV-1 and other pathogens like fungi and bacteria. After heterosexual contact with an HIVinfected individuum, the chance to acquire HIV-1 is very low (0.01-0.1%) (Wu and
KewalRemani, 2006) and LCs are the first cells to encounter HIV due to their location in the
mucosal stratified epithelium. Attachment of HIV-gp120 to Langerin leads to internalization
of the viral particle and subsequent degradation in the Birbeck granules, that are
characteristic for LCs (De Witte et al., 2007). Thus, LCs are protected from infection with
incoming, non-opsonized HIV particles and HIV-1 is not disseminated through the host (De
Witte et al., 2007). Although LCs express the primary receptor for HIV-1, CD4, and the
chemokine co-receptor CCR5, they are not productively infected by the virus. This is
probably due to efficient capture of the virus by Langerin and targeting of HIV-1 to Birbeck
granules, where it is degraded (De Witte et al., 2007). The rapid internalization of HIV-1 into
LCs prevents also transmission to the main target cells of the virus, CD4+ T cells. The
degradation of HIV in Birbeck granules and the prevention of virus transfer to CD4+ T cells
renders Langerin as a protective anti-HIV barrier. When, in addition, sexually transmitted
infections (STIs) are present, the anti-HIV-1-barrier of LCs is abrogated and HIV-1
transmission to CD4+ T cells by LCs is promoted (DeJong et al., 2008, 2010; Ogawa et al.,
2009). The by-passing of the anti-HIV-effect due to additional STIs results from direct
interaction of the STIs with Langerin and therefore competition for HIV-1 binding, Langerin
inhibition by high viral loads, lower Langerin surface expression by Poly(I:C) or HSV2
(DeJong et al., 2010), up-regulation of HIV entry receptors and down-regulation of
restriction factors (Ogawa et al., 2009), or inflammation-induced TNF- production by
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Candida albicans or Neisseria gonorrhoea (DeJong et al., 2008). In summary, during acute coinfection the anti-viral function of LCs is significantly reduced due to competition for
Langerin. This facilitates HIV-1 infection of LCs and thereby promotes HIV-1 transfer to and
infection of CD4+ T cells.
3.1.2 Dermal dendritic cells and HIV
In addition to LCs, interstitial dendritic cells are among the first cells to encounter HIV at
mucosal surfaces (Fig. 3). They are underlying the epithelium and differ from LCs, since
they do not contain Birbeck granules and express heterogenous amounts of CD1a (Bell et al.,
1999). Interstitial DCs are localized in the dermis and oral, vaginal and colonic lamina
propria (Pavli et al., 1990, 1993; Lenz et al., 1993; Nestle et al., 1993; McLellan et al., 1998).
They are characterized by the expression of CD11c, high concentrations of various C-type
lectin receptors, TLRs 2, 3, 4 and 5 and secretion of IL-1, IL-6, IL-10, IL-12, IL-15, and IL-23
upon pathogenic stimulation (Liu, 2001). Also dermal dendritic cells can be functionally
divided in immature and mature DCs (iDCs, mDCs) based on their T cell stimulatory
capacity (Banchereau and Steinman, 1998). Following antigen exposure, iDCs undergo
major changes and mature (described under 3.1.1). Upon entry of HIV into the host, the
virus has to be transported from mucosal surfaces to lymphatic tissues, where it is
transmitted to its primary targets, CD4+ T lymphocytes. As mentioned above, this process is
thought to be contrived by DCs. By clustering T cells, DCs may both activate antiviral
immunity as well as facilitate spread of the virus. In vitro experiments showed that DCs
efficiently capture and transfer HIV to T cells and initiated a vigorous infection (Pope et al.,
1995; McDonald et al., 2003; Pruenster/Wilflingseder et al, 2005; Wilflingseder et al, 2007).
These experiments imply that in vivo HIV exploits DCs at mucosal sites as shuttles to CD4+ T
cells in the lymph nodes. Preferential expression of CCR5 on immature LCs and DCs restricts
the transmission of X4-tropic isolates at the site of infection. Additionally, ex vivo analyses
revealed that X4-tropic HIV replicate worse in DCs and LCs compared to R5-tropic viruses
(Granelli-Piperno et al, 1998; Kawamura et al, 2000; Ganesh et al, 2004). Productive infection of
DCs and LCs with HIV is relatively inefficient compared to HIV-infection of CD4+ T cells and
HIV- or SIV-infected DCs are rarely detected in vivo (rev. in Piguet and Steinman, 2007). Virus
is very efficiently transmitted to T cells either via de novo (´cis´-transfer) or without (´trans´-)
infection despite the low-level productive infection of DCs (Turville et al, 2004). Especially Ctype lectins such as Dendritic cell-specific ICAM-3-grabbing non-integrin (DC-SIGN) on
dermal DCs was implicated in the transfer of HIV to T cells in the lymph nodes (Geijtenbeek et
al., 2003; Turville et al., 2004). Similar to Langerin, DC-SIGN has high affinity for mannose and
fucose structures. Dermal iDCs express the C-type lectin DC-SIGN and recently a second
dermal DC subtype, expressing CD103 and Langerin, but no Birbeck granules, was described
(Ginhoux et al., 2009). DC-SIGN captures low titres of HIV-1 through its interaction with the
HIV-1 glycoprotein gp120 (Geijtenbeek et al., 2000) and this DC-SIGN/virus interaction
protects HIV from degradation within the cells in contrast to the anti-viral action of Langerin
on LCs (Geijtenbeek et al., 2000). DC-SIGN-complexed HIV-1 is stable and retains the
infectivity for prolonged periods in contrast to DC-SIGN-bound antibody and probably other
ligands that are internalized into lysosomal compartments for processing (Geijtenbeek et al.,
2000; Engering et al., 2002). These studies suggest that DC-SIGN-bound HIV-1 particles hide
near the cell membrane in DCs and are not degraded. After ligating DC-SIGN, HIV is indeed
transported into non-lysosomal acidic organelles. Thereby, DC-SIGN effectively transmits HIV
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to CD4+ T cells and also leads to enhancement of infection in these co-cultures and facilitates
‘trans’-infection of the T cells (Geijtenbeek et al., 2000).
Besides C-type lectins, other molecules, such as adhesion molecules e.g. ICAM-1
(Pruenster/Wilflingseder et al, 2005) are described to further contribute to DC-HIV
interaction. In all compartments tested so far (plasma, seminal fluid, lymphatic tissues), HIV
is opsonized with C3 complement fragments and after seroconversion additionally with
HIV-specific IgGs. Similar to the interaction of non opsonized HIV with C-type lectin
receptors on DCs, receptors such as complement receptors (CRs) or Fc receptors (FcR)
contribute to the attachment of the complement- or IgG-coated virus. If the virus is
opsonized, the DC-SIGN- or ICAM-dependent interactions play a minor role for the
attachment of HIV to DCs as well as the DC-mediated cis and trans HIV-infection
(Pruenster/Wilflingseder et al, 2005). Complement-opsonization of HIV significantly
enhanced the productive infection of DCs compared to non-opsonized HIV and also acted
as an endogenous adjuvant for the DC-mediated induction of virus-specific CTLs
(Wilflingseder et al., 2007; Banki/Posch et al., 2010). These results emphasize a role of DCs
in combination with complement-coating of the virus in priming adaptive T cell responses.
Vigorous trans-infection of CD4+ T cells by DCs was shown to be promoted by infectious
synapse formation independent on the attachment mechanism (C-type lectin receptors,
adhesion molecules, CRs [own unpublished observations]) (rev. by Piguet and Sattentau,
2004). The receptors involved in the HIV attachment have to be re-arranged and are
recruited to the DC-T cell junctions (McDonald et al., 2003). Microscopic analyses of DCCD4+ T cells revealed re-arrangement and recruitment of CD4 and chemokine-co-receptor to
the infectious synapse on the T cell site and of HIV on the DC site (McDonald et al., 2003).
Thereby, dermal DCs contribute not only to shuttle HIV from the mucosal site to the
lymphatic tissue but also to efficiently transmit of HIV to its main targets, CD4+ T cells.
Beside the support of DCs in HIV dissemination, DCs produce high amounts of cytokines,
such as IL-12 or interferons, which belong to the first line of the host defense against invading
organisms. They are also able to activate NK cells via secretion of pro-inflammatory cytokines
(IL-12, IL-15, IL-18) and other factors, thus enhancing their cytotoxicity to virally infected cells
(Chehimi et al., 1989; Mellman and Steinman, 2001, Yu et al., 2001).
In terms of modulation of DC function by HIV infection in vivo, it is not clear if DC defects
are resulting from the direct exposure to HIV or if they are due to production of host cell
factors during infection. Circulating lipopolysaccharide (LPS) or other pathogen-derived
factors were also implicated in chronic immune activation, which is monitored during HIV
infection (Brenchley et al., 2006). Bacterial stimuli like LPS could result in maturation of
iDCs thus rendering these cells tolerant to subsequent stimuli. Ex vivo tests of DCs from
chronically infected individuals demonstrated that they were less potent in responding to
other TLR stimuli as well as in stimulating T cell responses compared to DCs from noninfected individuals (Donaghy et al., 2003; Martinson et al., 2007).
DCs are furthermore involved in the generation of regulatory T cells and thus induce both,
immunity and tolerance. DCs shown to induce tolerance are plasmacytoid DCs (pDCs).
(Steinman, 2000).
3.1.3 pDCs and HIV
Plasmacytoid DCs or type 1 IFN-producing cells, are innate immune cells specialized in
releasing massive amounts of IFN and IFN upon viral challenge, including HIV (Fig. 3)
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(Siegal et al., 1999). This blood DC population expresses high levels of HLA-DR and the
characteristic markers BDCA-2 and CD123 (Table 1), but not CD11c, a marker of myeloid
DCs (Table 1) (O´Doherty et al., 1994; Dzionek et al., 2001). pDCs are key initiators of the
innate immune response in vivo and they can prime adaptive immunity due to the afore
mentioned production of high type I interferon levels, especially upon exposure to viral
products (Cella et al., 1999; Siegal et al, 1999). pDCs recognize pathogenic single-stranded
RNA or unmethylated DNA mainly by TLR7 and TLR9. Due to the intracellular localization
of these TLRs, the viruses have to be ingested by the cells and endosomal maturation must
occur to activate NFkB- and MAPK-signals through MyD88. Once activated, pDCs mature
and produce large amounts of pro-inflammatory and antiviral cytokines (Kadowaki et al.,
2000; Ito et al., 2002; Colonna et al., 2004). pDCs do not only act as pro-inflammatory cells,
but also provide negative regulatory signals and thereby induce tolerance (Ochando et al.,
2006). pDCs express indoleamine 2,3-dioxygenase (IDO) and programmed death ligand 1
(PDL-1) that are associated with the negative modulation of T cell responses and regulatory
T cell induction (Boasso et al., 2007, 2008; Chen et al., 2008). As shown, constant exposure of
pDCs to HIV results in their chronic hyperactivation coming along with production of type I
interferon and IDO, which exerts cytotoxic as well as suppressive effects on T cells
(Herbeuval and Shearer, 2007). In acute HIV-infection pDCs recruit and activate NK cells to
the sites of infection as well as to the lymph nodes (Gerosa et al., 2002; Megjugorac et al., 2004).
The activation is due to IFN released from pDCs, which was demonstrated to induce
increased perforin expression in NK and CD8+ T cells. The pDC-NK cell activation is bidirectional, since activated NK cells deplete immature pDCs to possibly select the more
immunogenic mature pDCs at the sites on infection (Pertales et al., 2003a, 2003b; Ferlazzo and
Munz, 2004). This process is called ‘DC-editing’ (Ferlazzo et al., 2002). Beside NK cell
recruitment and activation, pDC-produced IFN promotes maturation and migration of DCs.
pDCs are not as efficient in antigen-presentation as myeloid DCs and they are not located in
high amounts at the site of pathogen entry. Due to their spontaneous antiviral and NK
priming activity they are supposed to control the virus in the acute phase of infection and it
is unlikely that they are involved in HIV capture, transport and transmission.
Deficiencies in pDC function were among the earliest observations of immune dysfunction
in HIV-1 infection. Loss of pDCs in blood of chronically infected individuals has been
ascribed to cell death and/or to a failure of bone marrow progenitors to differentiate into
pDCs. Additionally, a low productive virus replication of IFN-producing pDCs has been
shown in vivo and in vitro by R5- and X4-tropic HIV variants (Donaghy et al., 2003; Schmidt
et al, 2004). It is not known so far, if infection of pDCs plays a role for IFN -secretion.
3.2 NK and NK T cells in acute HIV infection
Natural killer (NK) cells are lymphocytes deriving from bone marrow precursors. They
circulate as mature populations in blood and spleen and are activated by type I interferons
(Fig. 3). Classical NK cells do not express T cell antigen receptors (TCR) and are CD3negative. They produce high levels of certain cyto- and chemokines, such as MIP-1 , MIP1, RANTES, TNF , GM-CSF or IFN-and mediate significant levels of cytotoxic activity by
exocytosis of granules containing perforin and granzymes. NK cells thus efficiently
contribute to innate immune responses due to their spontaneous cytotoxic action against
tumor and virus-infected targets. The direct cytotoxic activity of NK cells is regulated by the
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balance of activating and inhibitory NK cell receptors (Moretta et al, 2001; Moretta, 2002;
Lanier, 2005) and they are able to kill HIV-infected target cells by direct lysis or by antibodydependent cell-mediated cytotoxicity (ADCC) (Tasca et al, 2003; Bonaparte and Barker,
2004). ADCC is mediated in classical NK cells through their cell surface receptors for
immunoglobulins (FcR). Additionally, NK cells initiate priming of the adaptive immunity
due to their cross-talk with DCs. As mentioned above, NK cells activate DCs by cell-cell
contact or secretion of cytokines and vice versa, DC-derived cytokines and membranebound molecules play a key role in NK cell activation (Zitvogel, 2002; Andrews et al, 2003;
Ferlazzo et al, 2004; Cooper et al., 2004; Moretta et al, 2006; Newman et al, 2006). Their killer
inhibitory receptors (KIRs), which transmit an inhibitory signal, if they encounter MHC
class I molecules on a cell surface, are crucial in killing virus-infected cells. Two subsets of
classical NK cells can be distinguished by their expression of CD16 and CD56. >95% of the
NK cells belong to the CD16highCD56low subset, which is responsible for the direct lysis of
cells and the ADCC (Nagler et al, 1989; Caligiuri et al, 1990). The remaining 5% CD16low/CD56high subset produces high concentrations of IFN- and TNF- , but this sub-population
exerts a very low cytotoxic potential (Ahmad and Menezes, 1996). In HIV-infected
individuals NK cell responses were shown to be impaired and the defects comprised
cytotoxic activity of NK cells as well as secretion of CCR5-ligands MIP1 , MIP1 and
RANTES (Scott-Algara et al, 1992; Mavilio et al, 2003; Kottilil, 2003). The HIV-mediated
impairment of NK cells becomes manifest early after infection and continues during HIV
progression and can be attributed to several factors:
HIV-infected individuals might have a down-regulation in intracellular perforin and
granzyme A stores, which would account for the decreased cytotoxic capacity of NK cells in
HIV-infection (Portales et al., 2003).
Another explanation might be the change in the expression patterns of various activating
and inhibitory NK cell receptors during HIV-infection (DeMaria et al., 2003).
Chronic viral stimulation may also lead to inappropriate activation of peripheral NK cells,
thus resulting in NK cell exhaustion or anergy (Alter et al., 2005; Mavilio et al., 2005).
Finally, CD4+ NK cells may be a reservoir for HIV-1 in vivo and further investigation is
necessary to explore this possibility.
A population of T cells sharing characteristics with classical NK cells has been identified
based on expression of NK cell markers, and this population was named NK T cells
(McDonald, 1995). NK T cells, a rare population of T lymphocytes, comprise only 0.01 ~ 1%
of human peripheral blood mononuclear cells and play an important role in the innate
immune defense (Motsinger et al, 2002). NK T cells are important immunoregulatory cells,
producing both, high amounts of IFN- ( double-negative NK T cells), a major TH1
cytokine, and IL-4 and IL-13 ( CD4+ NK T cells), the major TH2 type cytokines (Gumperz et
al, 2002; Lee et al, 2002). Thus NK T cells may provide quicker help for a cell- (IFN-) or
antibody-mediated (IL-4) response than conventional T cells through recruiting and
stimulating other effector cells, such as NK cells, macrophages, DCs and conventional T
cells. NK T cells can in addition act directly cytolytic through involving the
perforin/granzymes and the Fas/FasL pathway (Metelitsa et al., 2001).
A semi-invariant TCR (NK T TCR) is expressed on NK T cells consisting of an invariant chain, and a restricted TCR--chain repertoire (rev. in Godfrey and Kronenberg, 2004). NK T
cells recognize self or foreign glycolipids presented by the non-polymorphic MHC class I-
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like molecule CD1d (Bendelac et al, 1997; Joyce, 2001). NK T cells are stimulated by type I
interferons or pro-inflammatory cytokines (IL-15, IL-12, IL-18). Therefore, also NK T cells
need a cross-talk with DCs to be fully activated (pDCs  type I IFNs, DCs  IL-12).
Upon HIV-1 infection NK T cells are rapidly and selectively depleted from the circulation.
The NK T cell numbers are dramatically reduced in HIV-infected individuals compared to
healthy donors (Motsinger et al., 2002; Van der Vliet et al, 2004). In vivo studies showed that
the decrease in NK T cell numbers significantly correlated with higher viral loads in infected
individuals (Motsinger et al., 2002) and that these HIV-susceptible cells were rapidly
destroyed in vitro by R5-tropic HIV-strains (Motsinger et al., 2002). The mature NK T
phenotype is induced by persistent stimulation of the cells with unidentified self-Ags or Agindependent mechanisms and the high expression of CCR5 on the surface renders NK T
cells permissive for HIV. They are not only efficiently infected by HIV but also contribute to
the viral spread due to activating resting by-stander CD4+ T cells (Unutmaz et al., 1999).
The rapid loss of NK T cells during early HIV-infection causes subsequent depletion of
important immunoregulatory functions, which are involved in tumor immunity, defense
against other invading pathogens and autoimmune diseases. This might facilitate
establishment of other opportunistic infections or tumor development frequently detected at
later stages of the disease. NKT cells are important cells of the innate immune system, which
are selectively and rapidly depleted by HIV-1 infection. Stimulation of the surviving NK T
cells is additionally impeded due to down-regulation of CD1d on antigen-presenting cells.

Fig. 3. Functions of DCs and NK/NK T cells during acute HIV infection
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3.3 Macrophages in acute HIV infection
Macrophages resident at mucosal sites are proposed to play an important role during
HIV-1 pathogenesis. Macrophages bridge innate and adaptive immunity similar to DCs,
NK and NK T cells. They are recognizing, internalizing and degrading microorganisms
and clear cell debris via TLRs, C-type lectins (Dectin-1), Fc receptors and complement
receptor 3. Furthermore, macrophages present pathogen-derived peptides via MHC class
II, thus initiating adaptive immune responses, and secret pro-inflammatory cytokines.
Upon HIV-infection they are among the first cells encountered by the virus, but they are
able to resist to HIV-mediated cytopathic effects. Therefore, macrophages are thought to
serve as major cellular HIV reservoir together with latently infected resting CD4+ T cells
for long-term infection. Productively infected macrophages were detected in both
untreated patients and those receiving antiretroviral therapy (ART), but the HIV infection
within macrophages was not associated with virus-induced cytopathic effects (Koenig et
al, 1986; Sharkey et al, 2000). The infectious virus is retained in macrophages for a
prolonged period of time and the virus may be released from macrophages delayed and
in a different compartment – thus macrophages contribute to persistence and spread of
the virus (Crowe et al., 2003; Montaner et al., 2006; Carter and Ehrlich, 2008). As detected
in NK or NK T cells, the functions of macrophages were found to be impaired by HIV-1
infection in vitro and in vivo. In vivo macrophages from HIV-infected individuals were
found to be defective for phagocytosis of apopotic cells (Torre et al., 2002). In vitro HIV-1
impeded with phagocytosis via CR3 or FcR and also impaired internalization of Candida
albicans and Toxoplasma gondii (Crowe et al., 1994; Kedzierska et al., 2002; Azzam et al.,
2006; Leeansyah et al., 2007). As recently shown, Nef was a crucial factor in disrupting
phagocytosis in HIV-1–infected cells (Mazzolini et al., 2010).
HIV and its accessory genes alter macrophage immune responses, macrophage cell cycle
and enhance their own viral replication in macrophages (Margottin et al, 1998; Hassaïne et
al, 2001; Federico et al, 2001; Coberley et al, 2004; Olivetta et al, 2005). HIV mediated a proinflammatory gene expression pattern in macrophages as demonstrated by microarray
analyses, and this pro-inflammatory cytokine profile is suggested to enhance virus
replication and persistence of chronically activated macrophages in vivo. In addition to upregulation of pro-inflammatory cytokines, IFN- and NFB-responsive cyto- and chemokines
were increased upon HIV-1 infection. Up-regulation of these IFN- and NFB-responsive
cyto- and chemokines may promote recruitment of CD4+ T cells and macrophages to sites of
infection, which would promote the viral spread (Cicala et al, 2002; Izmailova et al, 2003;
Woelk et al, 2004). Only low expression levels of CD4 are detected on the surface of
macrophages; in contrast high levels of heparan sulfate proteoglycans (such as syndecan),
macrophage mannose receptor (MR), and elastase are expressed (Nguyen and Hildreth,
2003; Bristow et al, 2003; De Parseval et al, 2005). HIV can attach and internalize into
macrophages via these receptors. Expression of both chemokine co-receptors, CCR5 and
CXCR4, was verified on primary human macrophages, and they can be infected with R5-,
dual- and X4-tropic virus isolates in vitro and in vivo (Verani et al, 1998; Liu et al, 1996;
Samson et al, 1998; Clapham and McKnight, 2002). Once ingested by macrophages, HIV
accumulates in endocytic compartments similar to multivesicular bodies, which facilitate
HIV assembly and escape immune surveillance (Kramer et al, 2005). This accumulation of
HIV in the cytoplasmic vesicles of macrophages results in persistent storage of infectious
virions and a delayed rapid infection of CD4+ T cells (Sharova et al, 2005). When a
virological synapse is formed between a macrophage and a T cell, the virus is efficiently
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transmitted. Therefore tissue macrophages were claimed to act as ´Trojan horse´, that hide
the virus from the immune system and disseminate the virus even after months.
3.4 Monocytes in acute HIV infection
Similar to DCs, LCs and macrophages, monocytes provide a first line of defense against
invading pathogens and act as key mediators of innate immune mechanisms. On the other
hand, they are also targets for monocyte-tropic pathogens, such as Listeria, cytomegalovirus
and HIV (Drevets and Leenen, 2000). Monocytes express CD4, CCR5 and CXCR4 and are in
particular susceptible to macrophage-tropic HIV strains. Similar to macrophages, monocytes
are resistant to the cytopathic effects of HIV, they represent a key virus reservoir and may
also disseminate HIV in different locations such as the brain (Kedzierska and Crowe, 2002;
Crow et al., 2003). Early in acute infection, HIV and SIV enter the central nervous system
(CNS) and macrophages and monocytes seem to play a crucial role in the
neuropathogenesis of HIV-infection and to contribute to HIV-mediated dementia due to
production of pro-inflammatory cytokines and neurotoxins (Chakrabarti et al., 1991;
Kedzierska and Crowe, 2002). The induction of pro-inflammatory cytokines is thought to
facilitate the entry of monocytes into the brain by disrupting the blood-brain and bloodcerebrospinal fluid barrier (Persidsky et al., 2000; Eugenin and Berman, 2003). In particular,
CCL2 was associated with inflammation of the CNS (Mahad and Ransohoff, 2003). This
cytokine is mainly secreted by monocytes and macrophages and initiates migration of T
cells and other monocytes into the CNS and promotion of neuronal cell-death during HIV
and SIV infection (Gartner and Liu, 2002; Fantuzzi et al., 2003). HIV-1 Tat activates microglial
and perivascular cells to produce pro-inflammatory proteins, thereby leading to monocyte
infiltration into the brain (Pu et al, 2003). Other features promoted by Tat following infection
with HIV were chemotaxis of monocytes, their adhesion to the endothelium, and their
recruitment into extra-vascular tissues. This modulation of the chemotactic activity seems to be
mediated by the Tat cysteine-rich domain (Albini et al, 1998).
Thus, monocytes represent a prinicpal reservoir for HIV persistence due to the long storage
period of infectious viral particles and infectious HIV was shown to be recovered from
patients obtaining ART. HIV thus affects multiple immune functions of
monocytes/macrophages (chemotaxis, phagocytosis, intracellular killing, APC function,
cytokine production) and thereof allows establishment as well as re-activation of other
opportunistic infections (Kedzierska and Crowe, 2002).
3.5 T cells in acute HIV infection
T cells are primarily situated in the gastrointestinal mucosa and play an important role in
the first line of defense against viral, bacterial, and fungal pathogens. T cells make up 50%
of all lymphocytes in the intraepithelial compartment and about 10% of lymphocytes in the
lamina propria (James et al., 1986; Targan et al., 1995). T cells recognize soluble protein
and non-protein Ags, but the mechanism of recognition remains elusive. T cells
participate in the immune response to various viruses, including herpes simplex virus,
Epstein-Barr virus, and HIV-1 (Maccario et al., 1995). Co-culture of T cells with HIV-1
infected lymphocytes resulted in increased cytotoxicity and production of HIV-1-suppresive
mediators against the infected cells (Wallace et al., 1996; Poccia et al., 1999; Cipriani et al.,
2000). HIV-1 infection is accompanied by significant changes in the blood and mucosal T
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cells during acute infection and, despite HAART, persist into the chronic phase, but the
factors involved in these changes remain to be investigated.

4. Conclusions
In summary, innate immune responses contribute significantly to the first line of defense
against invading HIV-1 particles on the one hand, but the virus has evolved different
strategies to escape from the innate immune system on the other hand. While Langerhans
Cells and plasmacytoid dendritic cells exert efficient antiviral actions by degrading the virus
via Birbeck granules (LCs) or secreting high amounts of type I interferons (especially IFN ),
interstitial dermal dendritic cells are suggested to contribute in viral transport and
dissemination. The antiviral functions of LCs are also reversed upon co-infection with other
STIs or microbes due to the competition of the pathogens for Langerin. The competition for
Langerin allows attachment of HIV-1 to its main receptors, CD4 and the chemokine-coreceptor CCR5, on LCs and thus facilitates infection of LCs and subsequent transfer to CD4+
T cells in the lymph nodes. This process of ‘cis’-infection of DCs, migration to the lymphatic
tissues and transmission to CD4+ T cells is also thought to be contrived by dermal DCs. The
virus is furthermore efficiently protected against complement-mediated lysis due to
acquisition of regulators of complement activation during the budding process from the
host cell (CD55, CD59) and additionally in fluid-phase (fH). Thus, most of the virus is
opsonized with C3-fragments in vivo, which allows interaction with complement-receptor
expressing cells at mucosal surfaces. Therefore the host immune system itself has to reverse
the protection of the virus against complement-mediated lysis. As recently demonstrated
(Banki/Posch et al., 2010), complement-opsonization acts as endogenous adjuvant for the
dendritic cell-mediated induction of retrovirus-specific CTLs in vitro and in vivo, which was
the first evidence that specific CTLs are efficiently stimulated in a complement- and DCdependent manner. This enhanced and efficient CTL-stimulatory capacity of DCs upon
complement-opsonization of HIV may provide a host-cell protecting mechanism at the
beginning of infection and understanding the exact interplay between differentially
opsonized retroviral particles and APCs is of prime importance for DC-based vaccination
strategies against retroviral infections. Not only benefits result from the complement
opsonization of HIV- such complement-opsonized particles can also be ingested by CR3expressing macrophages and monocytes, the major reservoirs of long-term HIV-persistence
beside latently infected CD4+ T cells. These cells facilitate HIV assembly and escape immune
surveillance by hiding the particles from the immune system and by allowing efficient
transfer of the particles to target cells in a delayed manner and another compartment.
Instead of destroying the virus at the initial phases of infection, macrophages and
monocytes seem to act as ´Trojan horse´ by actively contributing to the spread of HIV over
long time periods. Beside LCs and pDCs, T cells, primarily located in the gastrointestinal
mucosa, NK and NK T cells, that are activated by IFN-secreted pDCs, build an important
first line of defense against viral, bacterial, and fungal pathogens. HIV-1 counteracts this
innate immune barrier by changing their functions and decreasing their numbers by yet
mainly undefined mechanisms. The HIV-mediated loss in numbers of important innate
immune cells, such as pDCs, NK and NK T cells or T cells, is associated with a modified
cytokine microenvironment, which may additionally account for the chronic establishment
of HIV-infection in the host. Because it is difficult identifying infected individuals very soon
after exposure, little is known respecting the earliest events of HIV transmission in the
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genital tract or rectal mucosa. Most of the findings are deriving from in vivo models of SIV
infection (rev. in Haase, 2005) and from ex vivo models aimed to identify cells and factors
affecting the transmission of HIV (rev. in Hladik and McElrath, 2008). Even when using
animal models the exact process how the virus infiltrates mucosal barriers to establish a
productive infection in the host is extremely complex to evaluate. There are multiple innate
soluble and cellular factors acting together upon entry of HIV into the host – yet, the innate
mechanisms and even the specific adaptive immune responses fail to restrict the replication
of HIV in most infected individuals indicating the selection of viral mutants that are able to
efficiently escape these early and late cellular and humoral immune responses. In the last
years, increasing evidence suggests that especially immunologic and virologic events
occuring during primary infection irreversibly weaken the immune system, which is not
able to restore and gradually fails to resist viral and opportunistic infections.

5. References
Ahmad, A, Menezes, J (1996) Antibody-dependent cellular cytotoxicity in HIV infections,
Faseb J. 10:258-266
Albini, A et al., (1998) Identification of a novel domain of HIV tat involved in monocyte
chemotaxis, J Biol Chem 273:15895-15900
Alter, G. et al. (2005) Sequential deregulation of NK cell subset distribution and function
starting in acute HIV-1 infection, Blood 106, 3366–3369
Altfeld, M, Fadda, L, Frleta, D, Bhardwaj, N, (2011) DCs and NK cells: critical effectors in the
immune response to HIV-1, Nat Rev Immunol. Mar;11(3):176-86
Andrews, DM, Scalzo, AA, Yokoyama, WM, Smyth, MJ, Degli-Esposti, MA (2003)
Functional interactions between dendritic cells and NK cells during viral infection,
Nat Immunol 4:175-181
Armitage, R, (1994) Tumor necrosis factor receptor superfamily members and their ligands.
Curr Opin Immunol; 6: 407–413
Azzam, R, Kedzierska, K, Leeansyah, E, et al. (2006) Impaired complement-mediated
phagocytosis by HIV type-1-infected human monocyte-derived macrophages
involves a cAMP-dependent mechanism, AIDS Res Hum Retroviruses 22(7):619–629
Banchereau, J, Steinman, RM, (1998) Dendritic cells and the control of immunity, Nature
392:245-252
Bánki, Z*, Posch, W*, Ejaz, A, Oberhauser, V, Willey, S, Gassner, C, Stoiber, H, Dittmer, U,
Dierich, MP, Hasenkrug, KJ, Wilflingseder, D, (2010) Complement as an
endogenous adjuvant for dendritic cell-mediated induction of retrovirus-specific
CTLs, PLoS Pathog. Apr 29;6(4):e1000891 *equal contribution
Beignon, AS, McKenna, K, Skoberne, M, Manches, O, DaSilva, I, Kavanagh, DG, Larsson, M,
Gorelick, RJ, Lifson, JD, Bhardwaj, N, (2005) Endocytosis of HIV-1 activates
plasmacytoid dendritic cells via Toll-like receptor-viral RNA interactions, J Clin
Invest. Nov;115(11):3265-7
Bell, D, Young, JW, Banchereau, J, (1999) Dendritic cells, Adv. Immunol 72,255-324
Bendelac, A, et al.,(1997) Selection and adaptation of cells expressing major
histocompatibility complex class I-specific receptors of the natural killer complex, J
Exp Med Aug 4;186(3):349-51

www.intechopen.com

116

HIV-Host Interactions

Biggs, BA, Hewish, M, Kent, S, Hayes, K, Crowe, SM, (1995) HIV-1 infection of human
macrophages impairs phagocytosis and killing of Toxoplasma gondii, J Immunol.
154(11):6132–6139
Bleul, CC, Farzan, M, Choe, H, Parolin, C, Clark-Lewis, I, Sodroski, J, Springer, TA, (1996)
The lymphocyte chemoattractant SDF-1 is a ligand for LESTR/fusin and blocks
HIV-1 entry, Nature 382:829-33
Boasso, A, Hardy, AW, Anderson, SA, Dolan, MJ, Shearer GM, (2008) HIV-induced type I
interferon and tryptophan catabolism drive T cell dysfunction despite phenotypic
activation PLoS One 3:e2961
Boasso, A, Herbeuval, JP, Hardy, AW, Anderson, SA, Dolan MJ, Fuchs D, Shearer GM,
(2007) HIV inhibits CD4+ T-cell proliferation by inducing indoleamine 2,3dioxygenase in plasmacytoid dendritic cells, Blood 109:3351-3359.
Bonaparte, MI, Barker, E, (2004) Killing of human immunodeficiency virus-infected primary
T-cell blasts by autologous natural killer cells is dependent on the ability of the
virus to alter the expression of major histocompatibility complex class I molecules,
Blood 104:2087-2094
Brenchley, JM, et al., (2006) Microbial translocation is a cause of systemic immune activation
in chronic HIV infection, Nature Med. 12, 1365–1371
Bristow, CL, Mercatante, DR, Kole, R, (2003) HIV-1 preferentially binds receptors copatched
with cell-surface elastase, Blood. Dec 15;102(13):4479-8
Caligiuri, MA, Zmuidzinas, A, Manley, TJ, Levine, H, Smith, KA, Ritz, J. (1990) Functional
consequences of interleukin 2 receptor expression on resting human lymphocytes.
Identification of a novel natural killer cell subset with high affinity receptors, J Exp
Med. May 1;171(5):1509-26
Carroll, MC, (2000) A protective role for innate immunity in autoimmune disease, Clin
Immunol. Apr;95(1 Pt 2):S30-8
Carter, CA, Ehrlich, LS, (2008) Cell biology of HIV-1 infection of macrophages. Annu Rev
Microbiol. 62:425–443
Casartelli, N, Guivel-Benhassine, F, Bouziat, R, Brandler, S, Schwartz, O, Moris, A. (2010)
The antiviral factor APOBEC3G improves CTL recognition of cultured HIVinfected T cells, J Exp Med. Jan 18;207(1):39-49
Cella, M, Jarrossay, D, Facchetti, F, Alebardi, O, Nakajima, H, Lanzavecchia, A, Colonna, M,
(1999) Plasmacytoid monocytes migrate to inflamed lymph nodes and produce
large amounts of type I interferon, Nat. Med. 5,919-923
Chakrabarti, L, Hurtrel, M, Maire, MA, Vazeux, R, Dormont, D, Montagnier, L, and Hurtrel
B. (1991) Early viral replication in the brain of SIV-infected rhesus monkeys. Am. J.
Pathol. 139:1273-1280.
Chehimi, J, Starr, SE, Kawashima, H, et al. (1989) Dendritic cells and IFN-alpha-producing
cells are two functionally distinct non-B, non-monocytic HLA-DR+ cell subsets in
human peripheral blood, Immunology, 1989;68:488
Chen, W, Liang, X, Peterson, AJ, Munn, DH, Blazar, BR, (2008) The indoleamine 2,3dioxygenase pathway is essential for human plasmacytoid dendritic cell-induced
adaptive T regulatory cell generation J. Immunol. 181:5396-5404
Cicala, C, Arthos, J, Selig, SM, Dennis, GJr, Hosack, DA, Van Ryk, D, Spangler, ML,
Steenbeke, TD, Khazanie, P, Gupta, N, Yang, J, Daucher, M, Lempicki, RA, Fauci,
AS, (2002) , Proc Natl Acad Sci U S A. Jul 9;99(14):9380-5

www.intechopen.com

Innate Immune Responses in HIV-Infection

117

Cipriani, B, Borsellino, G, Poccia, F, Placido, R, Tramonti, D, Bach, S, Battistini, L, Brosnan,
CF, (2000) Activation of C-C beta-chemokines in human peripheral blood T cells
by isopentenyl pyrophosphate and regulation by cytokines, Blood 95:39-4
Clapham, PR, McKnight, A, (2002) Cell surface receptors, virus entry and tropism of primate
lentiviruses, J Gen Virol. Aug;83(Pt 8):1809-29
Coberley, CR, Kohler, JJ, Brown, JN, Oshier, JT, Baker, HV, Popp, MP, Sleasman, JW,
Goodenow, MM, (2004) Impact on genetic networks in human macrophages by a
CCR5 strain of human immunodeficiency virus type 1, J Virol. Nov;78(21):11477-86
Cocchi, F, DeVico ,AL, Garzino-Demo, A, Arya, SK, Gallo, RC, Lusso, P, (1995) Identification
of RANTES, MIP-1 alpha, and MIP-1 beta as the major HIV-suppressive factors
produced by CD8+ T cells, Science 270:1811-5
Colonna, M, Trinchieri, G, Liu, Y J, (2004) Plasmacytoid dendritic cells in immunity, Nat.
Immunol. 5:1219-1226
Cooper, MA, Fehniger, TA, Fuchs, A, Colonna, M, Caligiuri, MA, (2004) NK cell and DC
interactions, Trends Immunol 25:47-52
Crowe, S, Zhu, T, Muller, WA, (2003) The contribution of monocyte infection and trafficking
to viral persistence, and maintenance of the viral reservoir in HIV infection, J Leukoc
Biol. 2003;74(5):635–641
Crowe, SM, Vardaxis, NJ, Kent, SJ, et al., (1994) HIV infection of monocyte-derived
macrophages in vitro reduces phagocytosis of Candida albicans, J Leukoc Biol.
56(3):318–327
Da Costa, XJ, Brockman, MA, Alicot, E, Ma, M, Fischer, MB, Zhou, X, Knipe, DM, Carroll,
MC, (1999) Humoral response to herpes simplex virus is complement-dependent,
Proc Natl Acad Sci U S A Oct 26;96(22):12708-12
De Jong, MA, et al., (2008) TNF-alpha and TLR agonists increase susceptibility to HIV-1
transmission by human Langerhans cells ex vivo, J. Clin. Invest. 118 pp. 3440–3452
De Jong MA, et al., (2010) Herpes simplex virus type 2 enhances HIV-1 susceptibility by
affecting Langerhans cell function, J. Immunol. 185 pp. 1633–1648
De Jong, MA, Geijtenbeek, TB (2010) Langerhans cells in innate defense against pathogens,
Trends Immunol. Dec;31(12):452-9. Epub 2010 Oct 26
De Maria, A, et al., The impaired NK cell cytolytic function in viremic HIV-1 infection is
associated with a reduced surface expression of natural cytotoxicity receptors
(NKp46, NKp30 and NKp44), Eur. J. Immunol. 33, 2410–2418
De Parseval, A, Bobardt, MD, Chatterji, A, Chatterji, U, Elder, JH, David, G, Zolla-Pazner, S,
Farzan, M, Lee, TH, Gallay, PA. (2005) , J Biol Chem. Nov 25;280(47):39493-504
De Witte, L, Nabatov, A, Pion, M, Fluitsma, D, de Jong, MA, de Gruijl, T, Piguet, V, van
Kooyk, Y, Geijtenbeek, TB, (2007) Langerin is a natural barrier to HIV-1
transmission by Langerhans cells, Nat Med. Mar;13(3):367-71
Diebold, SS, Kaisho, T, Hemmi, H, Akira, S, Reis e Sousa, C, (2004) Innate antiviral
responses by means of TLR7-mediated recognition of single-stranded RNA, Science
Mar 5;303(5663):1529-31. Epub 2004 Feb 19
Donaghy, H, Gazzard, B, Gotch, F, Patterson, S, (2003) Dysfunction and infection of freshly
isolated blood myeloid and plasmacytoid dendritic cells in patients infected with
HIV-1, Blood 101, 4505–4511
Drevets, DA, and PJ Leenen (2000) Leukocyte-facilitated entry of intracellular pathogens
into the central nervous system. Microbes Infect. 2:1609-1618.

www.intechopen.com

118

HIV-Host Interactions

Dzionek, A, Sohma, Y, Nagafune, J, Cella, M, Colonna, M, Facchetti, F, Gunther, G,
Johnston, I, Lanzavecchia, A, Nagasaka, T, et al, (2001) BDCA-2, a novel
plasmacytoid dendritic cell-specific type II C-type lectin, mediates antigen capture
and is a potent inhibitor of interferon alpha/beta induction, J. Exp. Med. 194,18231834
Engering, A, et al.,(2002) The dendritic cell-specific adhesion receptor DC-SIGN internalizes
antigen for presentation to T cells, J. Immunol. 168, 2118–2126
Esser, R, von Briesen, H, Brugger, M, et al., (1991) Secretory repertoire of HIV-infected
human monocytes/macrophages, Pathobiology 59: 219–222
Esser, R, Glienke, W, von Briesen, H, Rubsamen-Waigmann, H, Andreesen, R, (1996)
Differential regulation of proinflammatory and hematopoietic cytokines in human
macrophages after infection with human immunodeficiency virus, Blood 88: 3474–
3481
Esser, R, Glienke, W, Andreesen, R, et al., (1998) Individual cell analysis of the cytokine
repertoire in human immunodeficiency virus-1-infected monocytes/macrophages
by a combination of immunocytochemistry and in situ hybridization Blood 1998;
91:4752–4760
Eugenin, EA, and Berman JW. (2003) Chemokine-dependent mechanisms of leukocyte
trafficking across a model of the blood-brain barrier. Methods 29:351-361.
Fantuzzi, L, Belardelli, F, and Gessani S. (2003) Monocyte/macrophage-derived CC
chemokines and their modulation by HIV-1 and cytokines: a complex network of
interactions influencing viral replication and AIDS pathogenesis. J. Leukoc. Biol.
74:719-725
Fahrbach, KM, et al. (2007) Activated CD34-derived Langerhans cells mediate transinfection
with human immunodeficiency virus, J. Virol. 81, 6858–6868
Federico, M, Percario, Z, Olivetta, E, Fiorucci, G, Muratori, C, Micheli, A, Romeo, G,
Affabris, E, (2001) HIV-1 Nef activates STAT1 in human monocytes/macrophages
through the release of soluble factors, Blood Nov 1;98(9):2752-61
Ferlazzo, G. et al., (2002) Human dendritic cells activate resting natural killer (NK) cells and
are recognized via the NKp30 receptor by activated NK cells, J. Exp. Med. 195, 343–
351
Ferlazzo, G, Munz, C, (2004) NK cell compartments and their activation by dendritic cells, J
Immunol, 172:1333
Ferlazzo, G, Thomas, D, Lin, SL, Goodman, K, Morandi, B, Muller, WA, Moretta, A, Münz,
C, (2004) The abundant NK cells in human secondary lymphoid tissues require
activation to express killer cell Ig-like receptors and become cytolytic, J Immunol.
Feb 1;172(3):1455-62
Frank, I, Stoiber, H, Godar, S, Stockinger, H, Steindl, F, Katinger, HW, Dierich, MP, (1996)
Acquisition of host cell-surface-derived molecules by HIV-1, AIDS Dec;10(14):161120
Ganesh, L, Leung, K, Loré, K, Levin, R, Panet, A, Schwartz, O, Koup, RA, Nabel, GJ, (2004)
Infection of specific dendritic cells by CCR5-tropic human immunodeficiency virus
type 1 promotes cell-mediated transmission of virus resistant to broadly
neutralizing antibodies, J. Virol. Nov;78(21):11980-7
Gartner, S, and Liu Y.(2002) Insights into the role of immune activation in HIV
neuropathogenesis. J. Neurovirol. 8:69-75.

www.intechopen.com

Innate Immune Responses in HIV-Infection

119

Geijtenbeek, TB, et al. , (2000) DC-SIGN, a dendritic cell-specific HIV-1-binding protein that
enhances trans-infection of T cells, Cell 100, 587–597
Geijtenbeek, TB, van Kooyk, Y, (2003) DC-SIGN: a novel HIV receptor on DCs that mediates
HIV-1 transmission, Curr Top Microbiol Immunol 276:31-54
Geijtenbeek, TB, Gringhuis, SI, (2009) Signalling through C-type lectin receptors: shaping
immune responses, Nat. Rev. Immunol. 9, pp. 465–479
Gerosa, F., Baldani-Guerra, B, Nisii, C, Marchesini, V, Carra, G, Trinchieri, G, (2002)
Reciprocal activating interaction between natural killer cells and dendritic cells, J.
Exp. Med. 195 (2002), pp. 327–333
Ginhoux, F, Liu, K, Helft, J, Bogunovic, M, Greter, M, Hashimoto, D, Price, J, Yin, N,
Bromberg, J, Lira, SA, et al., (2009) The origin and development of nonlymphoid
tissue CD103+ DCs, J. Exp. Med. 206:3115–3130
Godfrey, DI, Kronenberg, M, (2004) Going both ways: immune regulation via CD1ddependent NKT cells J Clin Invest. Nov;114(10):1379-88
Granelli-Piperno, A, Delgado, E, Finkel, V, Paxton, W, Steinman, RM (1998) Immature
dendritic cells selectively replicate macrophagetropic (M-tropic) human
immunodeficiency virus type 1, while mature cells efficiently transmit both M- and
T-tropic virus to T cells, J Virol 72:2733-2737
Granelli-Piperno, A, Shimeliovich, I, Pack, M, Trumpfheller, C, Steinman, RM, (2006) HIV-1
selectively infects a subset of nonmaturing BDCA1-positive dendritic cells in
human blood, J. Immunol. 176, 991–998
Griffin, G, Leung, K, Folks, T, Kunkel, S, Nabel, G, (1991) Induction of NF-kappa B during
monocyte differentiation is associated with activation of HIV-gene expression, Res
Virol 142: 233–238
Haase, AT, (2005) Perils at mucosal front lines for HIV and SIV and their hosts, Nat. Rev.
Immunol. 5:783–92
Han, X, Becker, K, Degen, H, Jablonowski, H, Strohmeyer, G, (1996) Synergistic stimulatory
effects of tumour necrosis factor alpha and interferon gamma on replication of
human immunodeficiency virus type 1 and on apoptosis of HIV-1-infected host
cells, EurJ Clin Invest 26: 286–292
Hassaïne, G, Courcoul, M, Bessou, G, Barthalay, Y, Picard, C, Olive, D, Collette, Y, Vigne, R,
Decroly, E, (2001) The tyrosine kinase Hck is an inhibitor of HIV-1 replication
counteracted by the viral vif protein, J Biol Chem. May 18;276(20):16885-93
Herbein, G, Gordon, S. (1997) 55- and 75-kilodalton tumor necrosis factor receptors mediate
distinct actions in regard to human immunodeficiency virus type 1 replication in
primary human macrophages, J Virol 71: 4150–4156
Herbeuval, JP, Shearer, GM, (2007) HIV-1 immunopathogenesis: how good interferon turns
bad, Clin Immunol. May;123(2):121-8
Hladik, F, McElrath, MJ, 2008) Setting the stage: host invasion by HIV, Nat. Rev. Immunol.
8:447–57
Huber, M, Olson, WC, Trkola, A, (2008) Antibodies for HIV treatment and prevention:
window of opportunity?, Curr Top Microbiol Immunol 317:39-66
Ito, T, Amakawa, R, Kaisho, T, Hemmi, H, Tajima, K, Uehira, K, Ozaki, Y, Tomizawa, H,
Akira, S, Fukuhara, S, (2002) Interferon-alpha and interleukin-12 are induced
differentially by Toll-like receptor 7 ligands in human blood dendritic cell subsets,
J. Exp. Med. 195:1507-1512

www.intechopen.com

120

HIV-Host Interactions

Izmailova, E, Bertley, FM, Huang, Q, Makori, N, Miller, CJ, Young, RA, Aldovini, A, (2003)
HIV-1 Tat reprograms immature dendritic cells to express chemoattractants for
activated T cells and macrophages, Nat Med. 2003 Feb;9(2):191-7
James, SP, Fiocchi, C, Graeff, AS, Strober, W, (1986) Phenotypic analysis of lamina propria
lymphocytes. Predominance of helper-inducer and cytolytic T-cell phenotypes and
deficiency of suppressor-inducer phenotypes in Crohn's disease and control
patients, Gastroenterology 91:1483-1489
Joyce, S, (2001) Immune recognition, response, and regulation: how T lymphocytes do it,
Immunol Res. 23(2-3):215-28
Kacani, L, Prodinger, WM, Sprinzl, GM, Schwendinger, MG, Spruth, M, Stoiber, H, Döpper,
S, Steinhuber, S, Steindl, F, Dierich, MP, (2000) Detachment of human
immunodeficiency virus type 1 from germinal centers by blocking complement receptor type
2, J Virol 74:7997-8002
Kadowaki, N, Antonenko, S, Lau, JY, Liu, YJ, (2000) Natural interferon alpha/betaproducing cells link innate and adaptive immunity, J. Exp. Med. 192:219-226
Kadowaki, N, Ho, S, Antonenko, S, Malefyt, RW, Kastelein, RA, Bazan, F, Liu, YJ, (2001)
Subsets of human dendritic cell precursors express different toll-like receptors and
respond to different microbial antigens, J Exp Med. Sep 17;194(6):863-9
Katz, SI, Tamaki, K, Sachs, DH, (1979) Epidermal Langerhans cells are derived from cells
originating in bone marrow, Nature 282,324-326
Katze, MG, He, Y, Gale, M Jr, (2002) Viruses and interferon: a fight for supremacy Nat Rev
Immunol. Sep;2(9):675-87
Kawamura, T, et al., (2008) Significant Virus Replication in Langerhans Cells following
Application of HIV to Abraded Skin: Relevance to Occupational Transmission of
HIV, J Immunol 180:3297-3304
Kedzierska, K, Crowe, SM, (2002) The role of monocytes and macrophages in the
pathogenesis of HIV-1 infection, Curr Med Chem 9:1893-1903
Kedzierska, K, Ellery, P, Mak, J, Lewin, SR, Crowe, SM, Jaworowski, A, (2002) HIV-1 downmodulates gamma signaling chain of Fc gamma R in human macrophages: a
possible mechanism for inhibition of phagocytosis, J Immunol. 168(6):2895–2903
Koenig, S, Gendelman, HE, Orenstein, JM, Dal Canto, MC, Pezeshkpour, GH, Yungbluth, M,
Janotta, F, Aksamit, A, Martin, MA, Fauci, AS, (1986) Detection of AIDS virus in
macrophages in brain tissue from AIDS patients with encephalopathy, Science Sep
5;233(4768):1089-93
Kopf, M, Abel, B, Gallimore, A, Carroll, M, Bachmann, MF, (2002) Complement component
C3 promotes T-cell priming and lung migration to control acute influenza virus
infection, Nat Med. Apr;8(4):373-8
Kottilil, S, (2003) Natural killer cells in HIV-1 infection: role of NK cell-mediated noncytolytic mechanisms in pathogenesis of HIV-1 infection, Indian J Exp Biol.
Nov;41(11):1219-25
Kramer, B, Pelchen-Matthews, A, Deneka, M, Garcia, E, Piguet, V, Marsh, M, (2005) HIV
interaction with endosomes in macrophages and dendritic cells, Blood Cells Mol Dis
35:136-142
Kwon, DS, Kaufmann, DE, (2010) Protective and detrimental roles of IL-10 in HIV
pathogenesis, Eur Cytokine Netw. Sep 1;21(3):208-14
Lanier, LL, (2005) NK cell recognition, Annu Rev Immunol 23:225-274

www.intechopen.com

Innate Immune Responses in HIV-Infection

121

Lee, KW, Lee, Y, Kim, DS, Kwon, HJ, (2006) Direct role of NF-kappaB activation in Toll-like
receptor-triggered HLA-DRA expression Eur J Immunol. May;36(5):1254-66
Leeansyah, E, Wines, BD, Crowe, SM, Jaworowski, A, (2007) The mechanism underlying
defective Fcgamma receptor-mediated phagocytosis by HIV-1-infected human
monocyte-derived macrophages, J Immunol. 178(2):1096–1104
Lenz, A, Heine, M, Schuler, G, Romani, N, (1993) Human and murine dermis contain
dendritic cells. Isolation by means of a novel method and phenotypical and
functional characterization, J. Clin. Invest. 92,2587-2596
Liu, R, Paxton, WA, Choe, S, Ceradini, D, Martin, SR, Horuk, R, MacDonald, ME,
Stuhlmann, H, Koup, RA, Landau, NR, (1996) Homozygous defect in HIV-1
coreceptor accounts for resistance of some multiply-exposed individuals to HIV-1
infection, Cell Aug 9;86(3):367-77
Liu, YJ, (2001) Dendritic cell subsets and lineages, and their functions in innate and adaptive
immunity, Cell 106, 259–262
Maccario, R, Comoli, P, Percivalle, E, Montagna, D, Locatelli, F, Gerna, G, (1995) Herpes
simplex virus-specific human cytotoxic T-cell colonies expressing either gamma
delta or alpha beta T-cell receptor: role of accessory molecules on HLA-unrestricted
killing of virus-infected targets, Immunology 85:49-56
Mahad, DJ, and Ransohoff RM. (2003) The role of MCP-1 (CCL2) and CCR2 in multiple
sclerosis and experimental autoimmune encephalomyelitis (EAE). Semin. Immunol.
15:23-32
Mandl, JN, Barry, AP, Vanderford, TH, Kozyr, N, Chavan, R, Klucking, S, Barrat, FJ,
Coffman, RL, Staprans, SI, Feinberg, MB, (2008) Divergent TLR7 and TLR9
signaling and type I interferon production distinguish pathogenic and
nonpathogenic AIDS virus infections, Nat Med. Oct;14(10):1077-87. Epub 2008 Sep
14
Margottin, F, Bour, SP, Durand, H, Selig, L, Benichou, S, Richard, V, Thomas, D, Strebel, K,
Benarous, R, (1998) A novel human WD protein, h-beta TrCp, that interacts with
HIV-1 Vpu connects CD4 to the ER degradation pathway through an F-box motif,
Mol Cell Mar;1(4):565-74
Martinson, JA, et al., (2007) Dendritic cells from HIV-1 infected individuals are less
responsive to Toll-like receptor (TLR) ligands, Cell. Immunol. 250, 75–84
Mavilio, D, et al., (2003) Natural killer cells in HIV-1 infection: dichotomous effects of
viremia on inhibitory and activating receptors and their functional correlates, Proc
Natl Acad Sci U S A 100:15011-15016
Mavilio, D. et al., (2005) Characterization of CD56−/CD16+ natural killer (NK) cells: a highly
dysfunctional NK subset expanded in HIV-infected viremic individuals, Proc. Natl
Acad. Sci. USA 102, 2886–2891
Mazzolini, J, Herit, F, Bouchet, J, Benmerah, A, Benichou, S, Niedergang, F, (2010) Inhibition
of phagocytosis in HIV-1-infected macrophages relies on Nef-dependent alteration
of focal delivery of recycling compartments Blood May 27;115(21):4226-36
McDonald, D, Wu, L, Bohks, SM, KewalRamani, VN, Unutmaz, D, Hope, TJ, (2003)
Recruitment of HIV and its receptors to dendritic cell-T cell junctions, Science
300:1295-1297
McDonald, HR, (1995) NK1.1C T cell receptor-®/¯C cells: new clues to theirorigin,
specificity, and function, J. Exp.Med. 182:633–38

www.intechopen.com

122

HIV-Host Interactions

McElrath, MJ, De Rosa, SC, Moodie, Z, Dubey, S, Kierstead, L, Janes, H, Defawe, OD, Carter,
DK, Hural, J, Akondy, R, Buchbinder, SP, Robertson, MN, Mehrotra, DV, Self, SG,
Corey, L, Shiver, JW, Casimiro, DR; Step Study Protocol Team, (2008) HIV-1
vaccine-induced immunity in the test-of-concept Step Study: a case-cohort analysis,
Lancet Nov 29;372(9653):1894-905
McLellan, AD, Heiser, A, Sorg, RV, Fearnley, DB, Hart, DN, (1998) Dermal dendritic cells
associated with T lymphocytes in normal human skin display an activated
phenotype, J. Invest. Dermatol.111,841-849
Megjugorac, NJ, Young, HA, Amrute, SB, Olshalsky, SL, Fitzgerald-Bocarsly, P, (2004)
Virally stimulated plasmacytoid dendritic cells produce chemokines and induce
migration of T and NK cells, J. Leukoc. Biol. 75, pp. 504–514
Meier, A, Alter, G, Frahm, N, Sidhu, H, Li, B, Bagchi, A, Teigen, N, Streeck, H, Stellbrink, HJ,
Hellman, J, van Lunzen, J, Altfeld, M, (2007) MyD88-dependent immune activation
mediated by human immunodeficiency virus type 1-encoded Toll-like receptor
ligands, J Virol. Aug;81(15):8180-91
Mellman, I, Steinman, RM, (2001) Dendritic cells: specialized and regulated antigen
processing machines, Cell 106:255-258
Meng, G. et al., (2002) Primary intestinal epithelial cells selectively transfer R5 HIV-1 to
CCR5+ cells, Nat. Med. 2, 150–156
Metelitsa, LS, Naidenko, OV, Kant, A, et al., (2001) Human NKT cells mediate antitumor
cytotoxicity directly by recognizing target cell CD1d with bound ligand or
indirectly by producing IL-2 to activate NK cells, J Immunol 167:3114–3122
Merad, M, et al., (2008) Origin, homeostasis and function of Langerhans cells and other
langerin-expressing dendritic cells, Nat. Rev. Immunol. 8 pp. 935–947
Montaner, LJ, Crowe, SM, Aquaro, S, Perno, CF, Stevenson, M, Collman, RG, (2006)
Advances in macrophage and dendritic cell biology in HIV-1 infection stress key
understudied areas in infection, pathogenesis, and analysis of viral reservoirs, J
Leukoc Biol. 2006;80(5):961–964
Moretta, A, (2002) Natural killer cells and dendritic cells: rendezvous in abused tissues, Nat
Rev Immunol. Dec;2(12):957-64
Moretta, L, Bottino, C, Cantoni, C, Mingari, MC, Moretta, A, (2001) Human natural killer cell
function and receptors, Curr Opin Pharmacol. Aug;1(4):387-91
Moretta, L, et al., (2006) Effector and regulatory events during natural killer-dendritic cell
interactions, Immunol Rev 214:219-228
Motsinger, A, Haas, DW, Stanic, AK, Van Kaer, L, Joyce, S, Unutmaz, D, (2002) CD1drestricted human natural killer T cells are highly susceptible to human
immunodeficiency virus 1 infection, J Exp Med. Apr 1;195(7):869-79
Nagler, A, Lanier, LL, Cwirla, S, Phillips, JH, (1989) Comparative studies of human FcRIIIpositive and negative natural killer cells, J Immunol. Nov 15;143(10):3183-91
Naif, H, Ho-Shon, M, Chang, J, Cunningham, AL, (1994) Molecular mechanisms of IL-4
effect on HIV expression in promonocytic cell lines and primary human monocytes,
J Leukoc Biol 56: 335–339
Nestle, F, et al., (1993) Characterization of dermal dendritic cells obtained from normal
human skin reveals phenotypic and functionally distinctive subsets, J. Immunol.
151,6535-6545

www.intechopen.com

Innate Immune Responses in HIV-Infection

123

Newman, KC, Korbel, DS, Hafalla, JC, Riley, EM, (2006) Cross-talk with myeloid accessory
cells regulates human natural killer cell interferon-gamma responses to malaria,
PLoS Pathog 2:e118
Nguyen, DG, Hildreth, JE, (2003) Involvement of macrophage mannose receptor in the
binding and transmission of HIV by macrophages, Eur J Immunol 33:483-493
Oberlin, E, Amara, A, Bachelerie, F, Bessia, C, Virelizier, JL, Arenzana-Seisdedos, F,
Schwartz, O, Heard, JM, Clark-Lewis, I, Legler, DF, Loetscher, M, Baggiolini, M,
Moser, B, (1996) The CXC chemokine SDF-1 is the ligand for LESTR/fusin and
prevents infection by T-cell-line-adapted HIV-1, Nature 382:833-5
Ochando, JC, Homma, C, Yang, Y, Hidalgo, A, Garin, A, Tacke, F, Angeli, V, Li, Y, Boros, P,
Ding, Y, Jessberger, R, Trinchieri, G, Lira, SA, Randolph, GJ, Bromberg, JS, (2006)
Alloantigen-presenting plasmacytoid dendritic cells mediate tolerance to
vascularized grafts, Nat. Immunol. 7:652-662
O'Doherty, U, Peng, M, Gezelter, S, Swiggard, WJ, Betjes, M, Bhardwaj, N, Steinman, RM
(1994) Human blood contains two subsets of dendritic cells, one immunologically
mature and the other immature, Immunology 82,487-493
Ogawa, Y, Kawamura, T, Kimura, T, Ito, M, Blauvelt, A, Shimada, S, (2009) Gram-positive
bacteria enhance HIV-1 susceptibility in Langerhans cells, but not in dendritic cells,
via Toll-like receptor activation, Blood. May 21;113(21):5157-66
Olivetta, E, Pietraforte, D, Schiavoni, I, Minetti, M, Federico, M, Sanchez, M, (2005) HIV-1
Nef regulates the release of superoxide anions from human macrophages, Biochem
J. Sep 1;390(Pt 2):591-602
Pantaleo, G, et al., (1995) Studies in subjects with long-term nonprogressive human
immunodeficiency virus infection, N Engl J Med. 332:209-216
Pavli, P, Woodhams, CE, Doe, WF, Hume, DA, (1990) Isolation and characterization of
antigen-presenting dendritic cells from the mouse intestinal lamina propria,
Immunology 70,40-47
Pavli, P, Hume, DA, Van De Pol, E, Doe, WF, (1993) Dendritic cells, the major antigenpresenting cells of the human colonic lamina propria, Immunology 78,132-141
Persidsky, Y, Zheng, J, Miller, D, and Gendelman, HE. (2000) Mononuclear phagocytes
mediate blood-brain barrier compromise and neuronal injury during HIV-1associated dementia. J. Leukoc. Biol. 68:413-422
Piguet, V, Sattentau, Q, (2004) Dangerous liaisons at the virological synapse, J Clin Invest
114:605-610
Piguet ,V, Steinman, RM, (2007) The interaction of HIV with dendritic cells: outcomes and
pathways, Trends Immunol. 28:503-510
Poccia, F, Battistini, L, Cipriani, B, Mancino, G, Martini, F, Gougeon, ML, Colizzi, V, (1999)
Phosphoantigen-reactive V 9V 2 T lymphocytes suppress in vitro human
immunodeficiency virus type 1 replication by cell-released antiviral factors
including CC chemokines, J. Infect. Dis. 180:858-861
Poli, G, Bressler, P, Kinter, A, Duh, E, Timmer, WC, Rabson, A, Justement, JS, Stanley, S,
Fauci, AS, (1990) Interleukin 6 induces human immunodeficiency virus expression
in infected monocytic cells alone and in synergy with tumor necrosis factor alpha
by transcriptional and post-transcriptional mechanisms, J Exp Med. Jul 1;172(1):1518

www.intechopen.com

124

HIV-Host Interactions

Poli, G, Fauci, AS, (1992) The effect of cytokines and pharmacologic agents on chronic HIV
infection, AIDS Res Hum Retroviruses Feb;8(2):191-7
Pope, M, Gezelter, S, Gallo, N, Hoffman, L, Steinman, RM. (2003) Low levels of HIV-1
infection in cutaneous dendritic cells promote extensive viral replication upon
binding to memory CD4+ T cells, J Exp Med. Dec 1;182(6):2045-56
Portales, P, Reynes, J, Rouzier-Panis, R, et al., (2003) Perforin expression in T cells and
virological response to PEG-interferon alpha2b in HIV-1 infection, AIDS 17:505
Portales, P. ,et al., (2003) Interferon- restores HIV-induced alteration of natural killer cell
perforin expression in vivo, AIDS 17, 495–504
Pruenster, M*, Wilflingseder, D*, et al., (2005) C-type lectin-independent interaction of
complement opsonized HIV with monocyte-derived dendritic cells, Eur J Immunol
35:2691-2698
Pu, H, Tian, J, Flora, G, Lee, YW, Nath, A, Hennig, B, Toborek, M, (2003) HIV-1 Tat protein
upregulates inflammatory mediators and induces monocyte invasion into the brain,
Mol Cell Neurosci. Sep;24(1):224-37
Roberts, L, Passmore, JA, Williamson, C, Little, F, Bebell, LM, Mlisana, K, Burgers, WA, van
Loggerenberg, F, Walzl, G, Djoba Siawaya, JF, Karim, QA, Karim, SS, (2010) Plasma
cytokine levels during acute HIV-1 infection predict HIV disease progression,
AIDS, Mar 27;24(6):819-31
Romani, N, Stingl, G, Tschachler, E, Witmer, MD, Steinman, RM, Shevach, EM, Schuler, G,
(1985) The Thy-1-bearing cell of murine epidermis. A distinctive leukocyte perhaps
related to natural killer cells, J. Exp. Med. 161,1368-1383
Romani, N. et al., (2010) Langerhans cells and more: langerin-expressing dendritic cell
subsets in the skin, Immunol. Rev. 234, pp. 120–141
Sabado, RL, O'Brien, M, Subedi, A, et al., (2010) Evidence of dysregulation of dendritic cells
in primary HIV infection, Blood 116(19):3839–3852
Samson, M, Libert, F, Doranz, BJ, Rucker, J, Liesnard, C, Farber, CM, Saragosti, S,
Lapoumeroulie, C, Cognaux, J, Forceille, C, Muyldermans, G, Verhofstede, C,
Burtonboy, G, Georges, M, Imai, T, Rana, S, Yi, Y, Smyth, RJ, Collman, RG, Doms,
RW, Vassart, G, Parmentier, M, (1998) Resistance to HIV-1 infection in caucasian
individuals bearing mutant alleles of the CCR-5 chemokine receptor gene, Nature.
Aug 22;382(6593):722-5
Schmidt, B, Scott, I, Whitmore, RG, Foster, H, Fujimura, S, Schmitz, J, Levy, JA, (2004) Lowlevel HIV infection of plasmacytoid dendritic cells: onset of cytopathic effects and
cell death after PDC maturation Virology. Nov 24;329(2):280-8
Scott-Algara, D, Vuillier, F, Cayota, A, Dighiero, G, (1992) Natural killer (NK) cell activity
during HIV infection: a decrease in NK activity is observed at the clonal level and is
not restored after in vitro long-term culture of NK cells, Clin Exp Immunol.
90(2):181-7
Sharkey, ME, Teo, I, Greenough, T, Sharova, N, Luzuriaga, K, Sullivan, JL, Bucy, RP,
Kostrikis, LG, Haase, A, Veryard, C, Davaro, RE, Cheeseman, SH, Daly, JS, Bova, C,
Ellison, RT 3rd, Mady, B, Lai, KK, Moyle, G, Nelson, M, Gazzard, B, Shaunak, S,
Stevenson, M, (2000) Persistence of episomal HIV-1 infection intermediates in
patients on highly active anti-retroviral therapy, Nat Med. Jan;6(1):76-81
Sharova, N, Swingler, C, Sharkey, M, Stevenson, M (2005) Macrophages archive HIV-1
virions for dissemination in trans, Embo J. 24:2481-2489

www.intechopen.com

Innate Immune Responses in HIV-Infection

125

Siegal, FP, Kadowaki, N, Shodell, M, Fitzgerald-Bocarsly, PA, Shah, K, Ho, S, Antonenko, S,
Liu, YJ, (1999) The nature of the principal type 1 interferon-producing cells in
human blood, Science 284,1835-1837
Spear, GT, Lurain, NS, Parker, CJ, Ghassemi, M, Payne, GH, Saifuddin, M, (1995) Host cellderived complement control proteins CD55 and CD59 are incorporated into the
virions of two unrelated enveloped viruses. Human T cell leukemia/lymphoma
virus type I (HTLV-I) and human cytomegalovirus (HCMV), J Immunol. Nov
1;155(9):4376-81
Speth, C, Prodinger, WM, Würzner, R, Stoiber, H, Dierich, MP, (2008) Complement In:
Fundamental Immunology 6th edition, (ed Pauls). Lippincott-Raven Philadelphia
New York, pp 1047-1078
Spiller, OB, Hanna, SM, Devine, DV, Tufaro, F, (1997) Neutralization of cytomegalovirus
virions: the role of complement, J Infect Dis. Aug;176(2):339-47
Stacey, AR, Norris, PJ, Qin, L, Haygreen, EA, Taylor, E, Heitman, J, Lebedeva, M, DeCamp,
A, Li, D, Grove, D, Self, SG, Borrow, P, (2009) Induction of a striking systemic
cytokine cascade prior to peak viremia in acute human immunodeficiency virus
type 1 infection, in contrast to more modest and delayed responses in acute
hepatitis B and C virus infections, J Virol. 2009 Apr;83(8):3719-33
Steinman, RM, (2000) The dendritic cell advantage: New focus for immune-based therapies,
Drug News Perspect 13:581-586
Stoiber, H, Banki, Z, Wilflingseder, D, Dierich, MP, (2007) Complement-HIV interactions
during all steps of viral pathogenesis,Vaccine Jun 6;26(24):3046-54
Targan, SR, Deem, RL, Liu, M, Wang, S, Nel, A, (1995) Definition of a lamina propria T cell
responsive state. Enhanced cytokine responsiveness of T cells stimulated through
the CD2 pathway, J. Immunol. 154:664-675
Tasca, S, Tambussi, G, Nozza, S, Capiluppi, B, Zocchi, MR, Soldini, L, Veglia, F, Poli, G,
Lazzarin, A, Fortis, C, (2003) Escape of monocyte-derived dendritic cells of HIV-1
infected individuals from natural killer cell-mediated lysis, AIDS Nov
7;17(16):2291-8
Torre, D, Gennero, L, Baccino, FM, Speranza, F, Biondi, G, Pugliese, A, (2002) Impaired
macrophage phagocytosis of apoptotic neutrophils in patients with human
immunodeficiency virus type 1 infection, Clin Diagn Lab Immunol. 9(5):983–986
Turville, SG, Santos, JJ, Frank, I, Cameron, PU, Wilkinson, J, Miranda-Saksena, M, Dable, J,
Stössel, H, Romani, N, Piatak, M Jr, Lifson, JD, Pope, M, Cunningham, AL, (2004)
Immunodeficiency virus uptake, turnover, and 2-phase transfer in human dendritic
cells, Blood Mar 15;103(6):2170-9
Flacher, V, et al., (2006) Human Langerhans cells express a specific TLR profile and
differentially respond to viruses and Gram-positive bacteria, J. Immunol. 177 pp.
7959–7967
Unutmaz, D, KewalRamani, VN, Marmon, S, Littman, DR, (1999) Cytokine signals are
sufficient for HIV-1 infection of resting human T lymphocytes J Exp Med. Jun
7;189(11):1735-46
Valladeau, J, Ravel, O, Dezutter-Dambuyant, C, Moore, K, Kleijmeer, M, Liu, Y, DuvertFrances, V, Vincent, C, Schmitt, D, Davoust, J, et al, (2000) Langerin, a novel C-type
lectin specific to Langerhans cells, is an endocytic receptor that induces the
formation of Birbeck granules, Immunity 12,71-81

www.intechopen.com

126

HIV-Host Interactions

van der Vliet, HJ, Molling, JW, von Blomberg, BM, Nishi, N, Kölgen, W, van den Eertwegh,
AJ, Pinedo, HM, Giaccone ,G, Scheper, RJ, (2004) The immunoregulatory role of
CD1d-restricted natural killer T cells in disease, Clin Immunol. Jul;112(1):8-23
Verani, A, Pesenti, E, Polo, S, Tresoldi, E, Scarlatti, G, Lusso, P, Siccardi, AG, Vercelli, D,
(1998) CXCR4 is a functional coreceptor for infection of human macrophages by
CXCR4-dependent primary HIV-1 isolates, J Immunol. Sep 1;161(5):2084-8
Wallace, M, Bartz, SR, Chang, WL, Mackenzie, DA, Pauza, CD, Malkovsky, M, (1996)
Gamma delta T lymphocyte responses to HIV, Clin. Exp. Immunol. 103:177-184
Wang, J, Roderiquez, G, Oravecz, T, Norcross, MA, (1998) Cytokine regulation of human
immunodeficiency virus type 1 entry and replication in human
monocytes/macrophages through modulation of CCR5 expression,
J Virol. Sep;72(9):7642-7
Weissman, D, Poli, G, Fauci, AS, (1994) Interleukin 10 blocks HIV replication in
macrophages by inhibiting the autocrine loop of tumor necrosis factor alpha and
interleukin 6 induction of virus, AIDS Res Hum Retroviruses, Oct;10(10):1199-206
Wilflingseder, D, et al., (2007) IgG opsonization of HIV impedes provirus formation in and
infection of dendritic cells and subsequent long-term transfer to T cells, J Immunol
178:7840-7848
Woelk, CH, et al., (2004) Interferon gene expression following HIV type 1 infection of
monocyte-derived macrophages, AIDS Res Hum Retroviruses 20:1210-1222
Wu, L, KewalRamani, VN, (2006) Dendritic-cell interactions with HIV: infection and viral
dissemination, Nat. Rev. Immunol. 6, pp. 859–868
Ogawa, Y, et al., Gram-positive bacteria enhance HIV-1 susceptibility in Langerhans cells,
but not in dendritic cells, via Toll-like receptor activation, Blood 113 (2009), pp.
5157–5166
Yu, Y, Hagihara, M, Ando, K, et al., (2001) Enhancement of human cord blood CD34+ cellderived NK cell cytotoxicity by dendritic cells, J Immunol, 2001;166:1590
Zitvogel, L, (2002) Dendritic and natural killer cells cooperate in the control/switch of innate
immunity, J Exp Med 195:F9-14

www.intechopen.com

HIV-Host Interactions

Edited by Dr. Theresa Li-Yun Chang

ISBN 978-953-307-442-9
Hard cover, 364 pages
Publisher InTech

Published online 02, November, 2011

Published in print edition November, 2011
HIV remains the major global health threat, and neither vaccine nor cure is available. Increasing our
knowledge on HIV infection will help overcome the challenge of HIV/AIDS. This book covers several aspects of
HIV-host interactions in vitro and in vivo. The first section covers the interaction between cellular components
and HIV proteins, Integrase, Tat, and Nef. It also discusses the clinical relevance of HIV superinfection. The
next two chapters focus on the role of innate immunity including dendritic cells and defensins in HIV infection
followed by the section on the impact of host factors on HIV pathogenesis. The section of co-infection includes
the impact of Human herpesvirus 6 and Trichomonas vaginalis on HIV infection. The final section focuses on
generation of HIV molecular clones that can be used in macaques and the potential use of cotton rats for HIV
studies.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:
Wilfried Posch, Cornelia Lass-Flörl and Doris Wilflingseder (2011). Innate Immune Responses in HIV-Infection,
HIV-Host Interactions, Dr. Theresa Li-Yun Chang (Ed.), ISBN: 978-953-307-442-9, InTech, Available from:
http://www.intechopen.com/books/hiv-host-interactions/innate-immune-responses-in-hiv-infection

InTech Europe

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai
No.65, Yan An Road (West), Shanghai, 200040, China
Phone: +86-21-62489820
Fax: +86-21-62489821

© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

