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Burning HIV-1 questions in 
2009

HIV-1 infection is a major burden 
with respect to health, social and eco-
nomical perspectives. The number of 
HIV-1 infected people in 2007 worldwide 
has been estimated at 33 million indi-
viduals. Despite considerable effort from 
academia, industry and governments 
to stop the HIV-1 pandemic, no medi-
cine or vaccine has been developed to 
either prevent infection or cure people 
from HIV-1. Fortunately, however, HIV-1 
research over the past decades has re-
sulted in the development of medicines 
that reduce viral loads, thereby increas-
ing life-expectancy of those infected by 
many years. Although our knowledge 
of HIV-1 increases every year, there 
are still many important and unan-
swered scientific questions concerning 
the health threat of HIV-1. Scientifical-
ly one of the most important questions 
to address is how the virus defeats the 
innate and adaptive immune response. 
Why is HIV-1 not cleared, even in pa-
tients receiving antiretroviral therapy 
where viral loads are barely detectable? 
How does the virus evade neutraliza-
tion by Abs and why are virally infected 
cells not fully cleared by CTLs? Will in-
duction of neutralizing Abs by a vaccine 
be able to block viral transmission? Un-
derstanding the mechanisms how HIV-1 
escapes the immune system would be 
of great help and perhaps mandatory for 
the development of vaccines as well as 
new generation medicines. An intrigu-
ing question is why exclusively CCR5-
tropic viruses are sexually transmitted 

when CXCR4-HIV-1 variants are more 
pathogenic? Why are dual-tropic R5X4 
variants not as efficiently transmitted 
as CCR5-tropic HVI-1 variants? What 
causes the CCR5 to CXCR4 coreceptor 
switch? Also important is which factors 
determine disease progression of rapid-
progressors (RP) versus long term non-
progressors (LTNPs)? Here we address 
some of these questions in light of the 
findings in this thesis on the role of DCs 
and neutralizing Abs in HIV-1 infection.

HIV-1 attachment receptors

HIV-1 can bind several different 
membrane proteins: DC-SIGN, Synde-
can-3, DCIR, MMR, Langerin, CD4, and 
some less well known receptors. These 
receptors will be shortly discussed. 
The type II membrane-spanning C-type 
lectin, DC-SIGN, was the first identi-
fied receptor on DCs shown to interact 
with HIV-1. This receptor is expressed 
on DC subtypes found in rectal, dermal 
and cervical tissues (Gurney et al., 
2005; Hu et al., 2004; Jameson et al., 
2002; Reece et al., 1998); also CD14+ 
blood DCs (Engering et al., 2002b) and 
DCs in lymphoid tissue (Lore et al., 
2002; Schwartz et al., 2002) express 
DC-SIGN. Additionally, macrophages in 
lymphoid tissues abundantly express 
DC-SIGN (Granelli-Piperno et al., 2005) 
and B-lymphocytes stimulated with IL-4 
and CD40L have also been found to up-
regulate DC-SIGN expression (Rappoc-
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ciolo et al., 2006). Blood plasmacytoid 
DCs (pDCs), however, do not express 
DC-SIGN (Turville et al., 2002); these 
cells can capture monomeric gp120 
through CD4 (Turville et al., 2001). The 
contribution of DC-SIGN in the capture 
and transmission of HIV-1 is still con-
troversial and unclear. Granelli-piper-
no et al. demonstrated that DC-SIGN 
on immature monocytes-derived DCs 
(iMDDCs) does not contribute to the 
capture and transmission of HIV-1 
(Granelli-Piperno et al., 2005), whereas 
other groups (Geijtenbeek et al., 2000; 

Wu et al., 2004b) and our own results 
described in Chapter 3 and 4 illustrate 
that between 30-50% of the virus is cap-
tured by DC-SIGN on iMDDCs. Interest-
ingly, matured monocyte derived DCs 
(mMDDCs) with moderate DC-SIGN 
expression do not capture HIV-1 via 
this C-type lectin (Fig 1). These cells, 
however, can more efficiently capture 
HIV-1 compared to iMDDCs, suggesting 
that these cells capture HIV-1 by other 
receptor proteins or via a different mech-
anism. Moreover, capture of HIV-1 by 
mMDDCs was not dependent on other 
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Figure 1. HIV-1 capture by iMDDCs or mMDDCs. iMDDCs or mMDDCs from four different donors were pre-
incubated with either 20 mg/ml AZN-D1 Ab (α-DC-SIGN), mannan, Oct4 Ab (α-CD4) or isotype IgG1 control 
Ab (Control). Cells were subsequently inoculated for 2 hours with 15 ng/ml HIV-1 (299.10gΔV3). Unbound 
virus was removed by washing the cells three times and cells were lysed in 1% empigen. Cellular CA-p24 
content was determined by ELISA and normalized for each donor. Data is plotted in bars and represent mean 
values of quadruplicates ± SD. CA-p24 capture by control treated cells was set at 100%.
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C-type lectins, since mannose treatment 
did not reduce capture of HIV-1 by these 
cells (Fig 1). 

Syndecan-3 was recently identi-
fied as an iMDDC-specific HIV-1 at-
tachment receptor. Blocking DC-SIGN 
and removal of Syndecan-3 on iMDDCs 
either by siRNAs or enzyme treatment 
completely inhibited viral capture (de 
Witte et al., 2007a). Other Syndecans, 
such as type 1, 2 and 4 also have been 
demonstrated to bind HIV-1 (Bobardt et 
al., 2003) and have been found to be 
responsible for ~90% of HIV-1 capture 
by macrophages (Saphire et al., 2001). 
Syndecans are not only expressed by 
DCs or macrophages, but many epi-
thelial cells in dermal, rectal, renal and 
cervical tissue express these mole-
cules (Bernfield et al., 1999). Interest-
ingly, cervical epithelial cells expressing 
these Syndecans have been shown to 
moderately facilitate HIV-1 transcytosis 
(Bobardt et al., 2007). The interaction 
of HIV-1 with these receptors is medi-
ated by heparan sulphates that interact 
with the V3 region of gp120. Although 
many epithelial cells and other cell types 
in matrixes express heparan sulphated 
glycoprotein (HSPGs) these receptors 
are currently not directly linked with the 
involvement in HIV-1 capture or disease 
pathogenesis. Nevertheless, we should 
not underestimate the role of these re-
ceptors and have to further explore their 
contribution not only to viral transmis-
sion, but also in viral dissemination.

The DC-immuno receptor (DCIR) 
(Lambert et al., 2008), also referred 
to as CLECSF6 or LLIR (Richard et 

al., 2003), was recently identified as a 
major HIV-1 receptor on iMDDCs. Ap-
proximately 60% of the HIV-1 particles 
on iMDDCs were captured through 
this receptor as shown by reduced ex-
pression through treatment with spe-
cific DCIR siRNAs. Intriguingly, block-
ing DC-SIGN and Syndecan-3 already 
fully blocked HIV-1 capture by iMDDCs 
(de Witte et al., 2007a). Moreover, as il-
lustrated in figure 1, blocking DC-SIGN 
with Ab AZN-D1 or all C-type lectins, like 
DCIR and DC-SIGN with mannan did 
not alter HIV-1 capture by iMDDCs as 
well as mMDDCs. This could mean that 
either the DC-SIGN Ab or siRNA against 
DCIR are not specific or that both lectins 
are required to allow HIV-1 capture on 
iMDDCs. DCIR expression has also 
been found on pDCs (Meyer-Wentrup 
et al., 2008), monocytes, B-cells, and 
granulocytes (Bates et al., 1999). These 
cells however are not actively involved 
in capture of HIV-1 virions. For instance, 
pDCs capture HIV-1 through CD4 rather 
than via C-type lectins (Turville et al., 
2001). Nevertheless, it could be that 
lack of DC-SIGN expression by pDCs 
hampers HIV-1 capture by DCIR. There-
fore HIV-1 capture by DCIR could be im-
portant, but should not be overestimat-
ed. 

The mannose macrophage recep-
tor (MMR) is also an important HIV-1 re-
ceptor. Treatment of monocyte-derived 
macrophages (MDM) with a specific 
MMR Ab strongly inhibited (60-100%) 
capture of HIV-1 particles (Nguyen and 
Hildreth, 2003; Pollicita et al., 2008). 
MMR is moderately expressed on 
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iMDDCs and mMDDCs (Turville et al., 
2002). However, the role of this recep-
tor in HIV-1 capture by DCs is currently 
unknown, but is likely minimal given the 
low expression levels (Kato et al., 2000).

The Langerin receptor is expressed 
by Langerhans cells (LC) and is respon-
sible for 50% of captured HIV-1 particles 
by these cells (de Witte et al., 2007b). 
Captured HIV-1 is internalised and de-
graded in Birbeck granules. Since LCs 
do not express DC-SIGN it has been 
suggested that LCs are more effective 
in blocking HIV-1 infection, rather than 
spreading the virus via trans-infection. 
LPS-stimulated LCs, however, have 
been shown to transmit HIV-1 in trans, 
suggesting that LCs may capture HIV-1 
via other receptors (Fahrbach et al., 
2007).

Other receptors such as DEC-205, 
LSECtin are known to be expressed by 
various DC subsets (Dominguez-Soto 
et al., 2007; Jiang et al., 1995; Mahnke 
et al., 2000; Van Vliet et al., 2008). 
DEC-205 has been shown to support 
HIV-1 internalization of renal tubular 
cells (Hatsukari et al., 2007). However 
no evidence to-date is available showing 
that these receptors are important for 
HIV-1 binding on DCs and what their 
impact could be on HIV-1 pathogenesis.

Although all the above-mentioned 
receptors have been described to be 
involved in mediating HIV-1 capture it 
is difficult to describe the contribution 
of each receptor on capture of HIV-1 
on different DC subtypes. Confusing is 
that several of these receptors are ex-
pressed by numerous cell types that do 

not capture HIV-1 (Bernfield et al., 1999). 
In other words, there is no clear correla-
tion between the expression of poten-
tial HIV-1 receptors and the capture of 
virions. It is possible that the membrane-
density of receptors or their phosphor-
ylation patterns play a role in stabilizing 
HIV-1 binding. Defining the role of spe-
cific receptors on different cell types is 
therefore required to better understand 
viral capture and transmission. 

HIV-1 receptors and their inter-
nalization pathways

Capture and internalization of 
HIV-1 by DCs or other cells can be ac-
complished via several mechanisms, 
like receptor-mediated endocytosis 
or via non-specific uptake mediated 
by macropinocytosis or phagocytosis 
(Frank et al., 2002). Receptor-mediat-
ed endocytosis is a rapid internalization 
process that is dependent on the classic 
internalization signals such as tri-acidic 
cluster, tyrosine-based internalization 
motifs, and di-leucine motifs located in 
the cytoplasmic domain of the receptor 
(Bonifacino and Traub, 2003). A confor-
mational change in the receptor upon 
ligand-binding can trigger recruitment of 
adaptor proteins to bind the internaliza-
tion motifs in the cytoplasmic tail. The 
formed adaptor complex on the cyto-
plasmic tail attracts clathrin molecules 
that cluster and form a clathrin-coated 
pit. The clathrin-coated pit is pinched 
from the membrane by the dynamin 
protein and the newly formed endocytic 
vesicle containing the ligand-bound-
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receptor complex is transported to the 
endocytic pathway. Vesicular transport 
to a specific compartment is dependent 
on the various adaptor proteins that bind 
signalling motifs in the cytoplasmic tail.  
 Most of the described C-type 
lectins contain the classical internaliza-
tion motif (Van Vliet et al., 2008) and 
are internalized via classical receptor-
mediated endocytosis and end up in the 
endocytic compartment (Cambi et al., 
2007; Howard and Isacke, 2002; Mc et 
al., 2002; Meyer-Wentrup et al., 2008). 
Ligands bound to DC-SIGN, DCIR or 
DEC205 (Azad et al., 2008; Enger-
ing et al., 2002a; Mahnke et al., 2000; 
Meyer-Wentrup et al., 2008), are endo-
cytosed and transported into late endo-
somes and lysosomes, whereas ligands 
captured by MMR are released in early 
endosomes (Engering et al., 1997). 
Langerin accumulates in recycling endo-
somes after internalization and shuttles 
between Birbeck granules and early en-
dosomes (Mc et al., 2002). Thus, HIV-1 
can be recruited to different areas of the 
endocytic pathway dependent on the 
type of C-lectin receptor the virus is at-
tached to. 

Syndecans are single-pass type 
I membrane proteins that belong to 
the heparan sulphated proteoglycan 
(HSPG) family and have been shown to 
be crucial for induction of actin organi-
zation (Nakase et al., 2007). In contrast 
with C-type lectins, Syndecans are not 
internalized via formation of coated pits 
(Tkachenko et al., 2004), but internaliza-
tion occurs via macropinocytosis.

Syndecans possess two highly ho-

mologous regions (C1 and C2) in their 
cytoplasmic domain. The C2 region has 
a post-synaptic density disc-large zo-1 
(PDZ)-binding domain (Bass and Hum-
phries, 2002) that binds PDZ-adaptor 
proteins such as CASK and Synec-
tin (Grootjans et al., 2000). The CASK 
protein contains a Hook domain that binds 
to the actin/spectrin-binding protein 4.1, 
a member of the ERM protein family, so 
called because it includes ezrin, radixin 
and moesin (Cohen et al., 1998). These 
ERM proteins contain actin binding sites 
to which they anchor to the actin cy-
toskeleton. Syndecans or other HSPGs 
are therefore linked to the actin cytoskel-
eton that mediates their internalization 
(Kopatz et al., 2004). Moreover, Syn-
decans and HSPGs are also indirectly 
linked to integrins and tetraspanins for 
maintenance of cell morphology, adhe-
sion and migration via formation of the 
above described protein complexes 
(Woods et al., 1998). Although little is 
known about intracellular trafficking of 
Syndecans, a study with breast carci-
noma cell-lines has demonstrated that 
Syndecan-1 directly ended up in lyso-
somes (Burbach et al., 2003), whereas 
Syndecan-2 and 4 could be found in en-
dosomes (Zimmermann et al., 2005). 

HIV-1 capture and internaliza-
tion by monocyte-derived DCs

As illustrated by de Witte et al. 
iMDDCs capture 50% of the HIV-1 par-
ticles by DC-SIGN and the other 50% is 
captured via Syndecan-3. In Chapter 2, 
3 and 4 we demonstrated that DC-SIGN 
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on iMDDCs is responsible for 30-50% 
of the captured HIV-1 particles. On 
mMDDCs only ~10% of the total HIV-1 
capture is facilitated by this C-type lectin 
as illustrated in figure 1. Confocal analy-
sis demonstrated that large clusters of 
HIV-1 virions were seen in mMDDCs, 
whereas captured HIV-1 in iMDDCs 
was distributed in small scattered spots 
(Chapter 5). It is possible that the larger 
HIV-1 clusters in mMDDCs are internal-
ized via macropinocytosis that is asso-
ciated with uptake of large volumes of 
fluid, rather than by clathrin-mediated 
endocytosis that occurs via formation 
of small vesicles. Since Syndecans 
or other HSPGs are endocytosed via 
macropinocytosis we hypothesize that 
these larger clusters of captured HIV-1 
in mMDDCs could be internalized via 
these proteins. Recently its was shown 
that HIV-1 capture by macropinocyto-
sis accounts for 40-50% by iMDDCs or 
mMDDCs (Wang et al., 2008). There-
fore we hypothesize that ~50-60% of the 
HIV-1 particles bound by mMDDCs are 
captured by Syndecans or other HSPGs. 
Since iMDDCs capture small HIV-1 clus-
ters via DC-SIGN and Syndecan-3 (de 
Witte et al., 2007a) it is possible that 
the larger HIV-1 clusters in mMDDCs 
are captured via other Syndecans or 
HSPGs. Moreover, if 50% of HIV-1 parti-
cles by mMDDCs are captured via mac-
ropinocytosis and 10% by C-type lectins 
it is possible that other mechanisms or 
receptors (not of C-type family origin) fa-
cilitate the capture. It will be interesting 
and important to decipher these mecha-
nisms, since mMDDCs are quite efficient 

in capturing HIV-1.

HIV-1 internalization in CD81-
enriched compartment

It has been documented that HIV-1 
in a tetraspanin CD81-enriched compart-
ment is protected against degradation 
(Garcia et al., 2008; Garcia et al., 2005; 
Izquierdo-Useros et al., 2008). As ob-
served in Chapter 5 HIV-1 strongly clus-
tered with CD81 on the DC-membrane 
and occasionally internally in large HIV-1 
clusters. These results suggest that the 
CD81-tetraspanin is internalized togeth-
er with HIV-1. The CD81-tetraspanin 
binds PDZ-domain proteins and co-
localizes with proteins from the ERM 
family (Chang and Finnemann, 2007; 
Pan et al., 2007). It is therefore possi-
ble that the CD81-tetraspanin is internal-
ized during macropinocytosis facilitated 
by complex formation with Syndecans or 
HSPGs that internalize HIV-1 by binding 
PDZ and ERM containing proteins. 
HIV-1 particles internalized by Synde-
cans or HSPGs could therefore be better 
protected from degradation than virions 
captured by C-type lectins that, after en-
tering the endocytic pathway, are rapidly 
degraded in lysosomes. The arginine on 
position 298 in the V3-loop of gp120 is 
known to be required for binding Synde-
can. Since the 298 arginine residue in 
the envelope is 100% conserved in all 
HIV-1 strains, this residue could serve 
as a key component to survive fast deg-
radation in DCs.
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Capture of neutralized HIV-1 by 
DCs

Not much is known about capture 
and processing of HIV-1-Ab complexes 
by DCs. In Chapter 3 we evaluated the 
capture of Ab-neutralized HIV-1 by cells 
expressing DC-SIGN. We observed an 
increase in capture when HIV-1 was neu-
tralized with the 2F5 Ab. Fc-receptors on 
DCs facilitated enhanced capture of the 
HIV-1-2F5 complex, but were not solely 
responsible for the enhanced capture. 
The majority of the HIV-1 immune com-
plexes were captured by DC-SIGN on 
iMDDCs as illustrated by blocking either 
the Fc receptors or DC-SIGN or a com-
bination of both. DC-maturation reduced 
capture of Ab-neutralized HIV-1. This 
could be explained by the reduction of 
DC-SIGN expression upon DC matura-
tion, resulting in less efficient capture of 
HIV-1 immune complexes. Thus other 
receptor(s) or mechanisms may be re-
sponsible for capture of Ab-HIV-1 com-
plexes on mature DCs, but are less ef-
ficient than DC-SIGN.

The enhanced capture of neu-
tralized HIV-1 by Raji cells expressing 
DC-SIGN was observed for dual-tropic 
as well as for X4 HIV-1, whereas for R5 
HIV-1 no change in capture upon virus 
neutralization occurred. This implies that 
Ab-binding to HIV-1 can increase the 
affinity for DC-SIGN for viruses with a 
high V3 charge in the gp120 envelope 
as found for X4 viruses. Since Ab-bind-
ing can induce a conformational change 
in the envelope and thereby affect 
DC-SIGN binding, more research with 
R5 and X4 viruses and different Abs is 

required to confirm the correlation of Ab-
enhanced affinity of DC-SIGN to enve-
lopes with increased V3-charge.

Internalization of HIV-1-Ab 
com-plexes in monocyte-de-
rived DCs

Intact HIV-1-2F5 immune comple-
xes were observed in large clusters 
in mMDDCs, whereas intact Ab-HIV-
1 complexes were rarely observed in 
smaller HIV-1 spots. The low number of 
HIV-1-Ab complexes in small spots may 
be caused by Ab-dissociation during 
processing, whereas processing of large 
clusters of HIV-1-Ab complexes might 
be slower or less efficient. Recent data 
showed that big clusters of internal-
ized HIV-1 via macropinocytosis had 
an increased half-life (Izquierdo-Useros 
et al., 2007). Another possibility why 
large HIV-1 clusters contain more intact 
immune complexes could be related to 
receptor engagement. HIV-1 binding to 
DC-SIGN could induce a conformational 
change in the envelope thereby inducing 
shedding of the Ab, whilst HIV-1 internal-
ized via macropinocytoses upon binding 
to Syndecans does not. Further it has 
been demonstrated that HIV-1 internali-
zation via macropinocytosis can occur 
independent of the envelope thus sug-
gesting that binding to a receptor is not 
required (Izquierdo-Useros et al., 2007). 
Therefore, the chance of HIV-1-Ab-in-
duced shedding mediated by receptor 
binding could be minimal when internal-
ized by macropinocytosis.
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Immune evasion

We have demonstrated that neu-
tralized HIV-1 captured by Raji-DC-SIGN 
cells, iMDDCs, mMDDCs, or myeloid 
DCs are able to escape Ab-neutralization 
upon DC-mediated processing leading 
to viral transmission in trans to suscep-
tible CD4+ T lymphocytes (Chapter 3). 
How is HIV-1 Ab-dissociation induced 
during capture and processing by DCs? 

Binding of the HIV-1 immune 
complex to an HIV-1 receptor could 
trigger a conformation change in the 
envelope that destabilizes Ab-binding, 
causing Ab-dissociation as discussed 
above. 

Fc receptors could facilitate Ab-
dissociation by binding to the Fc tail of 
the HIV-1-Ab complex that is bound to a 
HIV-1 receptor, such as DC-SIGN. Ab-
dissociation may then occur during HIV-1 
internalization or by diffusion of the Fc 
receptor from HIV-1 on the plasma mem-
brane. Abs against the Fc receptors, 
however, did not prevent transmission 
of DC-SIGN captured neutralized HIV-1, 
which seems to exclude a role for Fc re-
ceptors in immune evasion. 

Another possibility for HIV-1 Ab-dis-
sociation could be the low pH in a com-
partment of the endocytic pathway in 
DCs. In Chapter 5 we illustrated that the 
2F5 and b12 Abs dissociate from Env at 
pH 3.5-4.0. A pH of 4.0, however, can 
only be reached in lysosomes. Thus suc-
cessful transmission of infectious virus 
particles from lysosomes is unlikely as 
HIV-1 will be degraded in this compart-
ment.

The neonatal Fc receptor (FcRn) 

could play a role in Ab-dissociation early 
during internalization. This receptor has 
a high affinity for IgG1 molecules and 
is active in early endosomes (Ober et 
al., 2004). Internalized IgG1 Abs bind 
the FcRn at pH 6.0-6.5 (Raghavan et 
al., 1995) and are directed to sorting 
endosomes. FcRn bound IgG1 Abs 
are than transported back to the cell 
surface, where the Ab is released from 
the FcRn by loss of Ab-binding affinity at 
pH 7.3-7.4 (Ober et al., 2004). In con-
trast, IgGs that do not bind to FcRn enter 
lysosomal compartments and undergo 
degradation (Ward et al., 2003). FcRn 
is highly expressed by monocytes, mac-
rophages and DCs (Zhu et al., 2001). 
This could explain for the low amount of 
2F5-Ab observed inside DCs compared 
to the b12 Ab that, due to high affinity for 
the envelope, does not dissociate from 
the HIV-1-immune complex, whereas 
the weak 2F5 Ab is recycled by the FcRn 
(Chapter 5). Trafficking of FcRn is facili-
tated by formation of clathrin-coated pits 
(He et al., 2008). The activity of FcRn 
may therefore be stronger in HIV-1 com-
partments internalized by C-type lectins 
than in compartments internalized by 
Syndecans. 

The FcRn also facilitates IgG Ab 
transfer through the placenta (Ghetie 
and Ward, 2000) and from mother milk 
to blood across intestinal epithelial cells 
(He et al., 2008) which is mediated by 
transcytosis. The FcRn may therefore 
facilitate transfer of Ab-bound HIV-1 
from mother to child in utero.
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Selection of R5 HIV-1 after 
sexual transmission

There are numerous routes of 
HIV-1 transmission, such as sexual in-
tercourse, breast feeding, or direct 
blood-blood contact. To establish a new 
infection, HIV-1 has to reach the CD4+ 
T lymphocyte population, which is pro-
tected by epithelial and mucosal layers. 
Some mucosal and epithelial layers can 
be breached by the virus, like intesti-
nal epithelia or genital mucosal layers, 
whereas epidermal and oral epithelial 
layers are less permeable (Hussain and 
Lehner, 1995). The likelihood of sexual 
transmission of HIV-1 is dependent on 
a number of factors including viral load, 
stage of disease in the donor, and the 
presence of other sexually transmitted 
infections (STIs) or other opportunis-
tic infections, such as tuberculosis (TB) 
(Chan, 2005). STIs are thought to in-
crease the possibility of HIV-1 infection 
either by attracting CD4+ T lymphocytes 
or by disrupting mucosal layers. Two 
studies correlating STIs and risk of 
HIV-1 infection have, however, conflict-
ing conclusions (Grosskurth et al., 1995; 
Wawer et al., 1999). 

Following sexual transmission, 
CCR5 tropic viruses are predominantly 
recovered in the acute stage of HIV-1 in-
fection. This finding suggests that during 
transfer, viruses using the CXCR4 core-
ceptor have a limited number of suscepti-
ble target cells or are outcompeted by the 
CCR5 HIV-1 variants. Sexual transmis-
sion studies in macaques demonstrated 
that primarily memory CD4+ T cells and 
macrophages, resident in mucosa, were 

infected; only a small percentage of in-
fected DCs were found (Zhang et al., 
1999). Similar findings were observed 
in ex vivo studies using cervical human 
explants. Infected T cells in ex vivo ex-
plants primarily produced R5-tropic 
HIV-1 and much less dual-tropic and X4 
HIV-1 (Greenhead et al., 2000; Hladik et 
al., 1999) upon viral challenge. Treating 
these mucosal layers with phytohemag-
glutinin (PHA) dramatically increased 
replication of R5X4 and X4 HIV-1 vari-
ants, which reached similar replication 
levels as R5 HIV-1 (Greenhead et al., 
2000). Infected non-activated T cells 
replicate HIV-1 poorly compared to ac-
tivated T lymphocytes, suggesting that 
these cells have a post-entry replica-
tion block that can be reversed due to 
activation (Hladik et al., 1999). HIV-1 
production of infected non-activated T 
cells also increased upon encountering 
DCs or LCs (Hladik et al., 1999), illus-
trating that DC can also annihilate the 
post-entry block. Since R5 viruses rep-
licate on non-activated T cells, whereas 
R5X4 and X4 HIV-1 only poorly, it could 
be that triggering the CXCR4 corecep-
tor induces a strong post-entry block to 
replication. This block, however appears 
to be restricted for non-activated T cells, 
since T cell activation dramatically in-
crease replication of especially R5X4 
and X4 viruses (Zhang et al., 1999). In-
duction of this inhibition may result from 
activation of RNAi via a downstream 
pathway induced by CXCR4 signalling, 
which is lost after immune activation. 

A polymorphism in the CXCR4 
ligand SDF-1, termed SDF-1 3’A is 
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strongly associated with a decreased 
risk of HIV-1 infection and disease pro-
gression. It could be that this genetic 
polymorphism may cause an increased 
post-entry block in non-activated T cells 
via CXCR4 signalling (Chaudhary et al., 
2008; Koning et al., 2004; Reiche et al., 
2007). It would therefore be interesting 
to test this SDF1-polymorphism for CX-
CR4-signalling and HIV-1 replication in 
non-activated T cells. 

DCs or LCs in the genital mucosal 
layers are heavily infected as quanti-
fied through measuring the number of 
DNA integration sites (Cameron et al., 
2007), but do not seem to contribute sig-
nificantly to viral replication. Activated 
and infected mucosal and blood DCs, 
however, migrate towards lymph nodes 
and can disseminate newly produced 
viruses to surrounding T cells (Dillon et 
al., 2008; Lore et al., 2002). Like resting 
T cells, DCs and LCs also primarily rep-
licate CCR5-tropic HIV-1 (Cameron et 
al., 2007; Ganesh et al., 2004; Granelli-
Piperno et al., 1998; Sivard et al., 2004; 
Smed-Sorensen et al., 2005). Although 
X4 and R5X4 viruses can also infect 
DCs ex vivo, production of virus is low 
compared to CCR5 HIV-1 (Cavrois et al., 
2007; Ganesh et al., 2004).

 Taken together, increased infec-
tion of resting T cells, a lower post-entry 
block and increased dissemination via 
DCs that travel to lymph nodes may help 
explain for a preferential selection of R5 
HIV-1 over X4 tropic viruses in the acute 
phase of disease course.

Role DCs in HIV-1 transmission 
in trans

Activated and infected DCs or LCs 
can travel to lymph nodes where they 
disseminate newly produced viruses 
to T cells. This mode of HIV-1 transfer 
by DCs is termed transmission in cis. 
Next to HIV-1 transmission in cis, DCs 
can transfer captured virus to T cells, 
which is termed transmission in trans. 
Since most HIV-1 particles captured 
by DCs are internalized and degraded, 
transmission in trans has to occur fast 
within a couple of hours. It is therefore 
not very likely that this mode of trans-
mission plays a significant role in initial 
infection, because DC migration towards 
lymph nodes takes a couple of days. We 
demonstrated in Chapter 2 that binding 
of HIV-1 to DC-SIGN was enhanced 
when the V1V2 region of the gp120-en-
velope was provided with an additional 
extra glycosylation site. An increase in 
V3 charge of gp120 weakly increased 
DC-SIGN binding, but a higher V3 charge 
together with the extension in the V1V2 
region enhanced transmission of HIV-1 
by either Raji-DC-SIGN cells as well as 
iMDDCs in trans. The observed efficien-
cy of transmission in trans mediated by 
DC-SIGN correlated with chemokine co-
receptor usage. Therefore we evaluated 
in Chapter 4 the effect of HIV-1 core-
ceptor usage on transmission in trans, 
and discovered that DCs preferential-
ly transmitted X4 viruses. Our results 
fit the profile that during the course of 
disease progression X4 viruses evolve 
from R5 virions. Most neutralizing Abs 
were not able to block trans-infection 
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of CD4 cells. Treatment of HIV-1 with 
neutralizing Abs prior to capture by DCs 
even enhanced transmission in trans, 
which correlated with an increase in 
HIV-1 capture through DC-SIGN. Inter-
estingly, X4 viruses were better trans-
mitted after Ab-neutralization compared 
to R5 HIV-1. Although other receptors 
can capture HIV-1 we demonstrated 
that especially DC-SIGN is responsi-
ble for the increased capture of HIV-1 
immune complexes. Neutralizing as well 
as non-neutralizing Abs can efficiently 
prevent DC infection, thereby complete-
ly blocking HIV-1 transmission in cis 
(Holl et al., 2006b; Holl et al., 2006a), 
but at the same time increase transmis-
sion in trans. Activation of the immune 
system and production of neutralizing 
Abs reduced direct infection of the CD4+ 

T lymphocytes and DCs, whereas these 
Abs could indirectly promote emergence 
of the more pathogenic X4 viruses.

As DCs in the presence of Abs can 
preferentially transmit X4 HIV-1 over R5 
tropic virus. However no preferential 
transmission of X4 HIV-1 is observed in 
the acute phase of disease course after. 
This could be caused by the absence of 
Abs within the first few weeks after infec-
tion. Absence of HIV-1 neutralizing in this 
period could result in infection of macro-
phages, DCs and LCs that preferential 
select R5 HIV-1 by transmission in cis. 
Additionally, the initiated Ab response 
two weeks after infection is primarily 
composed of weak non-neutralizing Abs 
(Aasa-Chapman et al., 2004; Pellegrin 
et al., 1996). Therefore this time period 
before induction of strong neutralizing 

Abs could be sufficient to select for R5 
variants. The acute phase of disease 
progression is apparently critical for the 
selection of R5 HIV-1 amongst all other 
HIV-1 quasispecies. Whether a single 
R5 virus is selected for transmission or 
whether multiple R5 virus variants are 
transmitted but one is selected for prop-
agation remains unclear (Keele et al., 
2008). 

HIV-1 transmission by iMDDCs 
versus mMDDCs

We found that mMDDCs transmit-
ted HIV-1 more efficiently to CD4+ T 
lymphocytes in comparison to iMDDCs, 
which was caused by increased capture 
of HIV-1 particles. Most of the internal-
ized HIV-1 particles were colocalized 
with CD81. The CD81 compartment 
containing HIV-1 particles of DCs can 
efficiently fuse with the cell membrane 
(Garcia et al., 2005; Izquierdo-Useros 
et al., 2008). Therefore, this CD81 com-
partment is a potential reservoir, that 
may be important for HIV-1 transmis-
sion in trans. X4 HIV-1 is more prevalent 
in the CD81 compartment compared to 
R5 virus, which could contribute to the 
preferential transmission of X4 HIV-1 
(Garcia et al., 2008). 

Confocal imaging illustrated that 
matured DCs stored HIV-1 more ef-
ficiently in large clusters in the CD81 
compartment compared to iMDDCs 
(Chapter 5). This could explain the 
strong increase (~10-fold) in transmis-
sion of HIV-1 by mMDDCs. Interestingly, 
2F5-neutralized HIV-1 complexes in the 
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CD81 compartment in mMDDCs were 
intact, suggesting that these viruses 
were still neutralized during transmis-
sion. This result could explain for the 
decrease in transmission of 2F5-neutral-
ized X4 HIV-1 seen in mMDDCs. These 
large clusters of 2F5-neutralized HIV-1 
were not observed in iMDDCs, therefore 
iMDDCs are able to transfer neutralized 
HIV-1 more efficient than mMDDCs.

Routes of HIV-1 transmission 
in trans

HIV-1 transmission in trans can 
occur via internalization of HIV-1 into 
intra-cellular compartments followed 
by fusion of these compartments with 
the plasma membrane upon encoun-
tering CD4+ T lymphocytes. More re-
cently, evidence emerged that prima-
rily cell surface bound HIV-1 particles 
are transmitted to CD4+ T lymphocytes 
(Cavrois et al., 2007). In Chapter 5 was 
shown that approximately 60-70% of the 
HIV-1 particles captured by iMDDCs and 
mMDDCs are internalized after a two 
hour incubation period (Chapter 5). Most 
recently captured HIV-1 was located at, 
or just underneath, the plasma mem-
brane. Most likely, these virions are 
preferentially transmitted to susceptible 
CD4+ T cells, since virions that are proc-
essed into deeper compartments in DCs 
must be redistributed back to the cell 
surface before transmission can occur. 
Virus located in deeper compartments, 
however are also transmitted to CD4+ T 
lymphocytes. This was demonstrated by 
Garcia et al. showing that HIV-1 in the 

internal CD81-rich compartment can 
relocate to the immunological synapse 
(Garcia et al., 2005). Endosomes, multi-
vesicular bodies (MVBs) and lysosomes 
can also fuse with the plasma mem-
brane and thereby transfer internalized 
HIV-1 from these compartments to CD4+ 

T lymphocytes (Wiley and Gummulu-
ru, 2006; Wubbolts et al., 1996). Since 
plasma membrane-bound virus can 
be rapidly internalized into these com-
partments, transmission of internalized 
HIV-1 should not be underestimated. 

Not all cells that express HIV-1 re-
ceptors can facilitate viral transmission to 
CD4+ T lymphocytes. Raji and Namalwa 
cells transfected with DC-SIGN were 
capable of transmitting HIV-1 (Bobardt 
et al., 2003), whereas THP and K562 
cells expressing DC-SIGN efficiently 
captured, but failed to transfer HIV-1 to 
CD4+ T lymphocytes (Wu et al., 2004b; 
Wu et al., 2004a). Internalization of HIV-1 
bound to DC-SIGN seems required for 
efficient transmission to occur (Kwon et 
al., 2002). Moreover, at neutral intracel-
lular pH less virus was transmitted via 
DC-SIGN than at a mild acidic intracel-
lular environment of pH 6.2 (Garcia et 
al., 2005). A pH around 6 is established 
in the CD81-rich compartment and in 
early endosomes. It is possible that the 
most recently captured viruses that have 
just reached the mild acidic early endo-
some compartment are more efficiently 
transmitted than cell-bound virus, but 
not those internalized into later compart-
ments of the endocytic compartment. 
Lateral movement of cell surface bound-
HIV-1 to the immunological synapse 
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could be less efficient than internalized 
HIV-1 that can be directed via vesicular 
transport to the T cell contact zone.

HIV-1 transmission via the ex-
osome-dissemination pathway

Exosomes are small vesicles that 
are embedded in MVBs that can be se-
creted by fusion of the MVB with the 
plasma membrane. These exosomes 
have a immunological function and can 
interact with HIV-1 (Wiley and Gummu-
luru, 2006). 

Infected macrophages hardly 
produce newly synthesized HIV-1 parti-
cles via viral budding from the plasma 
membrane, but assemble and store 
virions in MVBs (Deneka et al., 2007; 
Pelchen-Matthews et al., 2003). The 
newly synthesized virions are subse-
quently released by fusion of MVBs with 
the plasma membrane together with ex-
osomes. It has recently been shown that 
exosomes and HIV-1 particles released 
by MVBs are efficiently captured by 
mature DCs that store the virions in the 
CD81-rich compartment (Izquierdo-Use-
ros et al., 2007). Since macrophages in 
cervical mucosa are primarily infected 
by R5 HIV-1 it could be that surrounding 
matured DCs are loaded with exosome-
derived R5 HIV-1 from macrophages. DC 
migration to lymph nodes, prolonged re-
tainment of HIV-1 particles in the CD81-
compartment and efficient transfer of 
HIV-1 to CD4+ T lymphocytes via fusion 
of CD81 into the immunological synapse 
can help explain for the selection of R5 
viruses early in disease course.

Transmission route of neutral-
ized HIV-1

A substantial quantity of 2F5-pre-
neutralized HIV-1 captured by DCs was 
located near or at the plasma membrane 
but not colocalized with neutralizing Ab, 
suggesting that these virions are not 
neutralized. This result could explain for 
the efficient transmission of 2F5-neutral-
ized virus. Like 2F5-, also b12-neutral-
ized virus demonstrated a substantial 
quantity of Ab-free virus near the plasma 
membrane. Our transmission results 
however with b12-neutralized virus dem-
onstrated that this Ab efficiently blocked 
HIV-1 transmission. A possible explana-
tion could be that, next to Ab-free virions 
and b12-HIV-1-immune complexes, also 
free b12 Ab is recruited to the immuno-
logical synapse and cross neutralization 
occurs during transmission. Since the 
2F5 Ab less potently neutralizes HIV-1 
and less 2F5 Ab is present in DCs, the 
possibility of cross neutralization is 
somewhat reduced (Chapter 5).

The role of Abs in DC-mediated 
HIV-1 transmission

Abs can theoretically control HIV-1 
replication via a number of mechanisms, 
such as through induction of comple-
ment-mediated virion lysis, antibody-
dependent cellular cytotoxicity (ADCC), 
as well as their capacity to neutralize 
virus upon binding. Most Abs tested 
in our studies did not prevent DC-me-
diated transmission of HIV-1 to CD4+ 

T lymphocytes, except for the b12 Ab 
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(Chapter 3 and 4). The 2F5 Ab quickly 
dissociated from the HIV-1-immune-
complex, whereas the b12 Ab remained 
associated with HIV-1 during processing 
by DCs. As the 2F5 Ab had a low affin-
ity for the envelope, in contrast to b12 
we speculate that only Abs with strong 
affinity for the envelope can block DC-
mediated HIV-1 transmission. Abs that 
sterically hinder binding of HIV-1 to 
DC-SIGN could also be considered 
as potent Abs to block HIV-1 transmis-
sion. The 2G12 Ab binds to glycans on 
the viral envelope and has been shown 
to inhibit HIV-1 attachment to DC-SIGN 
(Binley et al., 2006). Unfortunately, this 
Ab does not sufficiently block DC-SIGN 
binding, since we observed transmission 
of 2G12-neutralized virus by Raji-DC-
SIGN cells. V3-directed Abs could block 
HIV-1 capture by the recently identified 
Syndecans on iMDDCs, by blocking at-
tachment of the important Arg at position 
298 to Syndecans (Bobardt et al., 2003). 
Interestingly, only R5 HIV-1 transmis-
sion by DCs was inhibited by V3-direct-
ed Abs. Although we have not evaluated 
capture of V3-neutralized HIV-1 by DCs, 
it could be that V3-neutralized X4 HIV-1 
with high V3 charge still can bind to Syn-
decans, whereas R5 HIV-1 can not. 

Abs can re-neutralize HIV-1 during 
DC-mediated transmission demonstrat-
ing that the Abs have access to the 
formed immunological synapse between 
DCs and T cells. HIV-1 transmission 
between T cells, which occurs via for-
mation of a virological synapse on the 
contrary is not accessible to Abs (Chen 
et al., 2007). Transmission via a virologi-

cal synapse occurs via formation of a 
network of thin nanotubes that connect 
and forms a tight synapse. These nan-
otubes protrude from the plasma mem-
brane and can connect over long dis-
tances (Sowinski et al., 2008). Since 
DCs preferentially transmit X4 over R5 
HIV-1 in the presence of neutralizing Ab 
(Chapter 4) and subsequent transmis-
sion of HIV-1 amongst T cells cannot be 
blocked by neutralizing Abs, evolution 
towards a X4 envelope phenotype could 
be promoted.

The role of complement and 
Abs in HIV-1 transmission

Abs can control HIV-1 replication 
via induction of complement-mediat-
ed virion lysis (Gregersen et al., 1990; 
Huber et al., 2006; Lederman et al., 
1989; Schmitz et al., 1995) and ADCC 
(Blumberg et al., 1987; Ojo-Amaize 
et al., 1987; Rook et al., 1987). None-
theless complement binding to HIV-1 
without Ab, can enhance infection of 
DCs and subsequent viral transfer to 
CD4+ T lymphocytes (Bajtay et al., 
2004; Bouhlal et al., 2007). Not only 
were DCs better infected when HIV-1 
was opsonized with complement, but 
PBMCs, B cells, monocytes and mac-
rophages were also more susceptible 
to infection after complement opsoni-
zation (Bouhlal et al., 2001; Stoiber et 
al., 1997; Thieblemont et al., 1993). In-
terestingly, complement opsonized viral 
particles that are also neutralized with 
an Ab cannot infect DCs (Wilflingsed-
er et al., 2007). DCs, however can ef-
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ficiently capture and internalize these 
HIV-1-Ab-complement complexes to the 
CD81-rich compartment. These internal-
ized complexes by DCs have also been 
shown to be efficiently transmitted to 
CD4+ T lymphocytes, when transferred 
three hours after initial capture (Wilfling-
seder et al., 2007). Longer incubation 
periods, however, reduced successful 
HIV-1 transmission (Wilflingseder et al., 
2007). These results suggest that HIV-
1-Ab-complement complexes are simi-
larly processed as HIV-1-Ab complex-
es. Moreover blocking the complement 
receptor 3 or DC-SIGN dramatically 
reduced capture of these HIV-1-comple-
ment immune complexes by DCs and 
subsequently inhibited viral transfer to 
CD4 T lymphocyte (Bouhlal et al., 2007). 
Taken together, complement can induce 
virion lysis but also increase direct infec-
tion of HIV-1 susceptible cells. Induc-
tion of neutralizing Abs are therefore re-
quired to block infection and to minimize 
DC-mediated trans-infection.

Vaccination

A sterilizing vaccine against HIV-1 
should induce immune responses that 
recognize the virus and protect against 
infection. Two large-scale vaccine trials 
in humans have failed. The CTL based 
STEP trial was prematurely terminated. 
This proof-of-concept trial was intended 
to test whether the vaccine could either 
reduce infection or reduce HIV-1 viral 
load following infection. The vaccine was 
based on the adenovirus-5 vector, which 
contained the coding sequences of Gag, 

Pol and Nef derived from subtype B HIV-1 
and was administrated as three vacci-
nations (http://www.hvtn.org/media/pr/
step111307.html) (Buchbinder et al., 
2008; McElrath et al., 2008). Although 
specific CD8+ T cell responses were 
measured by IFN-γ ELISPOT, the 
vaccine did not protect against infection. 
Moreover, a trend of enhanced HIV-1 in-
fection was observed in vaccinees with 
strong immunity against adenovirus-5 
(Cohen, 2007; Ledford, 2007; Sekaly, 
2008). Although this T-cell based vaccine 
failed in humans, data from rhesus 
macaque studies showed that induction 
of a proper T cell response could reduce 
the viral load set-point (Liu et al., 2009; 
Schmitz et al., 1999). Moreover, patients 
with HLA-B57 or HLA-B27 had a limited 
HIV-1 replication through their CTL re-
sponse (Leslie et al., 2004; Streeck et 
al., 2008). These patients had lower viral 
set-points and disease progression was 
reduced (Migueles et al., 2000; Navis et 
al., 2007). These data indicate that T-cell 
responses may be important to suppress 
HIV-1 replication.

A phase I vaccine trial inducing a 
humoral immune response through vac-
cinating with the monomeric HIV-1 en-
velope gp120 protein induced no de-
tectable protective efficacy (Flynn et 
al., 2005; Pitisuttithum et al., 2006). 
Vaccine failure was not caused by low 
Ab-responses, but the elicited Abs were 
not broadly-reactive against the huge 
variety of HIV-1 envelopes (Mascola et 
al., 1996; Moore et al., 1995). 
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Infusion of the broadly neutralizing 
Abs such as b12, however, has been 
shown to protect macaques from vaginal 
infection with SHIV in a dose-dependent 
manner (Parren et al., 2001; Veazey et 
al., 2003). Other studies administering 
neutralizing Abs by passive infusion, 
such as F105, 2F5 or 2G12 also dem-
onstrated that macaques could be pro-
tected against SHIV challenge (Baba et 
al., 2000; Mascola et al., 1999; Mascola 
et al., 2000; Shibata et al., 1999). Inter-
estingly, neutralizing Abs were not effec-
tive in protecting macaques when viral 
challenge occurred 2-18 hrs before im-
munization (Foresman et al., 1998). 
Moreover, passive immunizations with 
neutralizing Ab did not fully protect 
macaques since some animals could 
still be infected. Additionally, no lasting 
protection was observed in acute and 
chronically HIV-1 infected patients that 
were receiving passively infused Abs 
(Lefrere et al., 1996; Mehandru et al., 
2007; Trkola et al., 2005; Vittecoq et al., 
1995). These results so far suggest that 
Abs may have a prophylactic but not a 
therapeutic role in protection against 
HIV-1 infection.

Our results have shown that HIV-1 
can evade Ab neutralization in vitro via 
DC-mediated viral transmission in trans. 
The passive immunization studies in 
macaques with Abs such as 2F5, 2G12 
or b12 demonstrated that only the b12 
Ab was able to prevent SHIV infection 
whereas 2F5 and 2G12 could not, al-
though the latter two Abs were able to 
protect macaques from infection when 
combined (Mascola et al., 1999). In 

agreement with the SHIV results (Parren 
et al., 2001; Veazey et al., 2003) we 
showed that only the b12 Ab was able 
to block DC-mediated HIV-1 transmis-
sion. Therefore, it is possible that Ab-
immune evasion mediated by DCs as 
described in this thesis could occur in 
vivo. Our results demonstrate that DCs 
preferentially transfer X4 HIV-1 over R5 
viruses in trans (Chapter 4) in contrast 
to transmission of HIV-1 in cis that is 
dominated by R5 virions (Ganesh et al., 
2004). Neutralizing Abs administrated 
by passive infusion efficiently blocked 
infection of DCs thereby blocking HIV-1 
transmission in cis (Holl et al., 2006b; 
Holl et al., 2006a). Immune activation 
and induction of Abs on one hand has an 
advantageous effect on reduced HIV-1 
replication, but has a disadvantageous 
effect on HIV-1 evolution towards the 
more pathogenic X4 viruses.

Vaccination strategy

Our results and data from the litera-
ture indicate that there are many difficul-
ties in developing an HIV-1 vaccine that 
will provide coverage against the multi-
tude of HIV-1 variants. 

To deal with the preferential trans-
mission of X4 over R5 HIV-1, b12-type 
like Abs should be induced with high 
Ab-affinity for a multitude of different en-
velopes. Additionally, usage of a com-
bination of Abs could help to block es-
tablishment of infection (Mascola et al., 
1999). Abs are also required that do no 
stimulate formation of infectious comple-
ment-HIV-1 complexes (Bouhlal et al., 
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2007; Stoiber et al., 1997; Thieblemont 
et al., 1993; Wilflingseder et al., 2007). 
To induce such a vaccine will be difficult, 
especially since induction of effective 
neutralizing Abs against the viral enve-
lope to-date has been very poor.

In this thesis we have described 
that DCs are able to revert HIV-1 Ab-
neutralization. As a role for FcRn in HIV-
1-Ab dissociation, it would be interesting 
to inactivate this receptor through ad-
ministrating already developed peptides 
(Mezo et al., 2008). IgG3 neutralizing 
Abs are not able to bind the FcRn recep-
tor and an IgG3 immune response would 
therefore be expected to have better 
protective effects. In addition to induc-
tion of a proper Ab response, an active 
T cell response is required to kill infect-
ed cells that could have been infected 
by HIV-1 at locations where Abs are not 
present in sufficient levels to provide for 
full neutralization. 

All data so far have illustrated that 

immune activation not only increased 
replication in susceptible cells, such as 
in T lymphocytes and DCs (Smed-So-
rensen et al., 2005), but also facilitated 
migration of DCs to lymph nodes. More-
over the interaction of DCs with activat-
ed T cells is more stable and therefore 
has been shown to increase trans-infec-
tion (Wilflingseder et al., 2007). 

For the development of future HIV-1 
vaccines, more knowledge needs to be 
gained about the different routes HIV-1 
exploits for transmission and pathogen-
esis, such as the role of DCs and the in-
volved HIV-1 receptors. Additionally, the 
in vivo relevance of the findings report-
ed in this thesis need to be expanded 
to obtain better insight into what detri-
mental role Abs may cause in HIV-1 in-
fection. As DCs are key players of the 
immune system and are involved in the 
innate and adaptive immune system, 
more study is required on their role in the 
HIV-1 life cycle and disease outcome.

Reference List
Aasa-Chapman, M.M., Hayman, A., Newton, P., 
Cornforth, D., Williams, I., Borrow, P., Balfe, P., 
and McKnight, A. (2004). Development of the an-
tibody response in acute HIV-1 infection. AIDS 18, 
371-381.

Azad, A.K., Torrelles, J.B., and Schlesinger, L.S. 
(2008). Mutation in the DC-SIGN cytoplasmic triacid-
ic cluster motif markedly attenuates receptor activity 
for phagocytosis and endocytosis of mannose-con-
taining ligands by human myeloid cells. J. Leukoc. 
Biol. 84, 1594-1603.

Baba, T.W., Liska, V., Hofmann-Lehmann, R., Vla-
sak, J., Xu, W., Ayehunie, S., Cavacini, L.A., Posn-
er, M.R., Katinger, H., Stiegler, G. et al. (2000). Hu-

man neutralizing monoclonal antibodies of the IgG1 
subtype protect against mucosal simian-human im-
munodeficiency virus infection. Nat. Med 6, 200-206.

Bajtay, Z., Speth, C., Erdei, A., and Dierich, M.P. 
(2004). Cutting edge: productive HIV-1 infection of 
dendritic cells via complement receptor type 3 (CR3, 
CD11b/CD18). J. Immunol. 173, 4775-4778.

Bass, M.D. and Humphries, M.J. (2002). Cytoplas-
mic interactions of syndecan-4 orchestrate adhesion 
receptor and growth factor receptor signalling. Bio-
chem. J. 368, 1-15.

Bates, E.E., Fournier, N., Garcia, E., Valladeau, 
J., Durand, I., Pin, J.J., Zurawski, S.M., Patel, S., 
Abrams, J.S., Lebecque, S. et al. (1999). APCs ex-



156
page

press DCIR, a novel C-type lectin surface receptor 
containing an immunoreceptor tyrosine-based inhib-
itory motif. J. Immunol. 163, 1973-1983.

Bernfield, M., Gotte, M., Park, P.W., Reizes, O., Fit-
zgerald, M.L., Lincecum, J., and Zako, M. (1999). 
Functions of cell surface heparan sulfate proteogly-
cans. Annu. Rev. Biochem. 68, 729-777.

Binley, J.M., Ngo-Abdalla, S., Moore, P., Bobardt, 
M., Chatterji, U., Gallay, P., Burton, D.R., Wilson, 
I.A., Elder, J.H., and de Parseval, A. (2006). In-
hibition of HIV Env binding to cellular receptors by 
monoclonal antibody 2G12 as probed by Fc-tagged 
gp120. Retrovirology. 3, 39.

Blumberg, R.S., Paradis, T., Hartshorn, K.L., 
Vogt, M., Ho, D.D., Hirsch, M.S., Leban, J., Sato, 
V.L., and Schooley, R.T. (1987). Antibody-depend-
ent cell-mediated cytotoxicity against cells infected 
with the human immunodeficiency virus. J. Infect. 
Dis. 156, 878-884.

Bobardt, M.D., Chatterji, U., Selvarajah, S., Van 
der, S.B., David, G., Kahn, B., and Gallay, P.A. 
(2007). Cell-free human immunodeficiency virus 
type 1 transcytosis through primary genital epithelial 
cells. J. Virol. 81, 395-405.

Bobardt, M.D., Saphire, A.C., Hung, H.C., Yu, X., 
Van der, S.B., Zhang, Z., David, G., and Gallay, 
P.A. (2003). Syndecan captures, protects, and trans-
mits HIV to T lymphocytes. Immunity. 18, 27-39.

Bonifacino, J.S. and Traub, L.M. (2003). Signals 
for sorting of transmembrane proteins to endosomes 
and lysosomes. Annu. Rev. Biochem. 72, 395-447.

Bouhlal, H., Chomont, N., Requena, M., Nasred-
dine, N., Saidi, H., Legoff, J., Kazatchkine, M.D., 
Belec, L., and Hocini, H. (2007). Opsonization of 
HIV with complement enhances infection of den-
dritic cells and viral transfer to CD4 T cells in a CR3 
and DC-SIGN-dependent manner. J. Immunol. 178, 
1086-1095.

Bouhlal, H., Galon, J., Kazatchkine, M.D., Frid-
man, W.H., Sautes-Fridman, C., and Haeffner, 
C.N. (2001). Soluble CD16 inhibits CR3 (CD11b/
CD18)-mediated infection of monocytes/macro-
phages by opsonized primary R5 HIV-1. J. Immunol. 
166, 3377-3383.

Buchbinder, S.P., Mehrotra, D.V., Duerr, A., Fit-

zgerald, D.W., Mogg, R., Li, D., Gilbert, P.B., Lama, 
J.R., Marmor, M., Del, R.C. et al. (2008). Efficacy 
assessment of a cell-mediated immunity HIV-1 vac-
cine (the Step Study): a double-blind, randomised, 
placebo-controlled, test-of-concept trial. Lancet 372, 
1881-1893.

Burbach, B.J., Friedl, A., Mundhenke, C., and 
Rapraeger, A.C. (2003). Syndecan-1 accumulates 
in lysosomes of poorly differentiated breast carcino-
ma cells. Matrix Biol. 22, 163-177.

Cambi, A., Lidke, D.S., rndt-Jovin, D.J., Figdor, 
C.G., and Jovin, T.M. (2007). Ligand-conjugated 
quantum dots monitor antigen uptake and process-
ing by dendritic cells. Nano. Lett. 7, 970-977.

Cameron, P.U., Handley, A.J., Baylis, D.C., Solo-
mon, A.E., Bernard, N., Purcell, D.F., and Lewin, 
S.R. (2007). Preferential infection of dendritic cells 
during human immunodeficiency virus type 1 infec-
tion of blood leukocytes. J. Virol. 81, 2297-2306.

Cavrois, M., Neidleman, J., Kreisberg, J.F., and 
Greene, W.C. (2007). In vitro Derived Dendritic Cells 
trans-Infect CD4 T Cells Primarily with Surface-
Bound HIV-1 Virions. PLoS. Pathog. 3, e4.

Chan, D.J. (2005). Factors affecting sexual trans-
mission of HIV-1: current evidence and implications 
for prevention. Curr. HIV. Res. 3, 223-241.

Chang, Y. and Finnemann, S.C. (2007). Tetraspanin 
CD81 is required for the alpha v beta5-integrin-de-
pendent particle-binding step of RPE phagocytosis. 
J. Cell Sci. 120, 3053-3063.

Chaudhary, O., Rajsekar, K., Ahmed, I., Verma, 
R., Bala, M., Bhasin, R., and Luthra, K. (2008). 
Polymorphic variants in DC-SIGN, DC-SIGNR and 
SDF-1 in high risk seronegative and HIV-1 patients 
in Northern Asian Indians. J. Clin. Virol. 43, 196-201.

Chen, P., Hubner, W., Spinelli, M.A., and Chen, 
B.K. (2007). Predominant mode of human immuno-
deficiency virus transfer between T cells is mediated 
by sustained Env-dependent neutralization-resist-
ant virological synapses. J. Virol. 81, 12582-12595.

Cohen, A.R., Woods, D.F., Marfatia, S.M., Walther, 
Z., Chishti, A.H., and Anderson, J.M. (1998). Hu-
man CASK/LIN-2 binds syndecan-2 and protein 4.1 
and localizes to the basolateral membrane of epithe-
lial cells. J. Cell Biol. 142, 129-138.



157
page

6
D

IS
C

U
S

S
IO

N

Cohen, J. (2007). AIDS research. Did Merck’s failed 
HIV vaccine cause harm? Science 318, 1048-1049.

de Witte, L., Bobardt, M., Chatterji, U., Degeest, 
G., David, G., Geijtenbeek, T.B., and Gallay, P. 
(2007a). Syndecan-3 is a dendritic cell-specific at-
tachment receptor for HIV-1. Proc Natl Acad Sci U S 
A 104, 19464-19469.

de Witte, L., Nabatov, A., Pion, M., Fluitsma, D., de 
Jong, M.A., de Gruijl, T., Piguet, V., van Kooyk, Y., 
and Geijtenbeek, T.B. (2007b). Langerin is a natural 
barrier to HIV-1 transmission by Langerhans cells. 
Nat. Med 13, 367-371.

Deneka, M., Pelchen-Matthews, A., Byland, R., 
Ruiz-Mateos, E., and Marsh, M. (2007). In macro-
phages, HIV-1 assembles into an intracellular plas-
ma membrane domain containing the tetraspanins 
CD81, CD9, and CD53. J. Cell Biol. 177, 329-341.

Dillon, S.M., Robertson, K.B., Pan, S.C., Mawhin-
ney, S., Meditz, A.L., Folkvord, J.M., Connick, E., 
McCarter, M.D., and Wilson, C.C. (2008). Plasma-
cytoid and myeloid dendritic cells with a partial acti-
vation phenotype accumulate in lymphoid tissue dur-
ing asymptomatic chronic HIV-1 infection. J. Acquir. 
Immune. Defic. Syndr. 48, 1-12.

Dominguez-Soto, A., ragoneses-Fenoll, L., Mar-
tin-Gayo, E., Martinez-Prats, L., Colmenares, M., 
Naranjo-Gomez, M., Borras, F.E., Munoz, P., Zubi-
aur, M., Toribio, M.L. et al. (2007). The DC-SIGN-
related lectin LSECtin mediates antigen capture and 
pathogen binding by human myeloid cells. Blood 
109, 5337-5345.

Engering, A., Geijtenbeek, T.B., Van Vliet, S.J., 
Wijers, M., van, L.E., Demaurex, N., Lanzavec-
chia, A., Fransen, J., Figdor, C.G., Piguet, V. et al. 
(2002a). The dendritic cell-specific adhesion recep-
tor DC-SIGN internalizes antigen for presentation to 
T cells. J. Immunol. 168, 2118-2126.

Engering, A., Van Vliet, S.J., Geijtenbeek, T.B., 
and van Kooyk, Y. (2002b). Subset of DC-SIGN(+) 
dendritic cells in human blood transmits HIV-1 to T 
lymphocytes. Blood 100, 1780-1786.

Engering, A.J., Cella, M., Fluitsma, D., Brock-
haus, M., Hoefsmit, E.C., Lanzavecchia, A., and 
Pieters, J. (1997). The mannose receptor functions 
as a high capacity and broad specificity antigen re-

ceptor in human dendritic cells. Eur. J. Immunol. 27, 
2417-2425.

Fahrbach, K.M., Barry, S.M., Ayehunie, S., Lam-
ore, S., Klausner, M., and Hope, T.J. (2007). Ac-
tivated CD34-derived Langerhans cells mediate 
transinfection with human immunodeficiency virus. 
J. Virol. 81, 6858-6868.

Flynn, N.M., Forthal, D.N., Harro, C.D., Judson, 
F.N., Mayer, K.H., and Para, M.F. (2005). Placebo-
controlled phase 3 trial of a recombinant glycopro-
tein 120 vaccine to prevent HIV-1 infection. J. Infect. 
Dis. 191, 654-665.

Foresman, L., Jia, F., Li, Z., Wang, C., Stephens, 
E.B., Sahni, M., Narayan, O., and Joag, S.V. (1998). 
Neutralizing antibodies administered before, but not 
after, virulent SHIV prevent infection in macaques. 
AIDS Res. Hum. Retroviruses 14, 1035-1043.

Frank, I., Piatak, M., Jr., Stoessel, H., Romani, N., 
Bonnyay, D., Lifson, J.D., and Pope, M. (2002). 
Infectious and whole inactivated simian immunode-
ficiency viruses interact similarly with primate den-
dritic cells (DCs): differential intracellular fate of 
virions in mature and immature DCs. J. Virol. 76, 
2936-2951.

Ganesh, L., Leung, K., Lore, K., Levin, R., Pan-
et, A., Schwartz, O., Koup, R.A., and Nabel, G.J. 
(2004). Infection of specific dendritic cells by CCR5-
tropic human immunodeficiency virus type 1 pro-
motes cell-mediated transmission of virus resistant 
to broadly neutralizing antibodies. J Virol 78, 11980-
11987.

Garcia, E., Nikolic, D.S., and Piguet, V. (2008). 
HIV-1 replication in dendritic cells occurs through a 
tetraspanin-containing compartment enriched in AP-
3. Traffic. 9, 200-214.

Garcia, E., Pion, M., Pelchen-Matthews, A., Col-
linson, L., Arrighi, J.F., Blot, G., Leuba, F., Escola, 
J.M., Demaurex, N., Marsh, M. et al. (2005). HIV-1 
trafficking to the dendritic cell-T-cell infectious syn-
apse uses a pathway of tetraspanin sorting to the 
immunological synapse. Traffic. 6, 488-501.

Geijtenbeek, T.B., Torensma, R., Van Vliet, S.J., 
van Duijnhoven, G.C., Adema, G.J., van, K.Y., 
and Figdor, C.G. (2000). Identification of DC-SIGN, 
a novel dendritic cell-specific ICAM-3 receptor that 



158
page

supports primary immune responses. Cell 100, 575-
585.

Ghetie, V. and Ward, E.S. (2000). Multiple roles for 
the major histocompatibility complex class I- related 
receptor FcRn. Annu. Rev. Immunol. 18, 739-766.

Granelli-Piperno, A., Delgado, E., Finkel, V., Pax-
ton, W., and Steinman, R.M. (1998). Immature den-
dritic 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., Pritsker, A., Pack, M., 
Shimeliovich , I., Arrighi, J.F., Park, C.G., Trump-
fheller, C., Piguet, V., Moran, T.M., and Steinman, 
R.M. (2005). Dendritic cell-specific intercellular ad-
hesion molecule 3-grabbing nonintegrin/CD209 is 
abundant on macrophages in the normal human 
lymph node and is not required for dendritic cell stim-
ulation of the mixed leukocyte reaction. J Immunol 
175, 4265-4273.

Greenhead, P., Hayes, P., Watts, P.S., Laing, K.G., 
Griffin, G.E., and Shattock, R.J. (2000). Param-
eters of human immunodeficiency virus infection of 
human cervical tissue and inhibition by vaginal viru-
cides. J. Virol. 74, 5577-5586.

Gregersen, J.P., Mehdi, S., Baur, A., and Hilfen-
haus, J. (1990). Antibody- and complement-mediat-
ed lysis of HIV-infected cells and inhibition of viral 
replication. J. Med. Virol. 30, 287-293.

Grootjans, J.J., Reekmans, G., Ceulemans, H., 
and David, G. (2000). Syntenin-syndecan binding 
requires syndecan-synteny and the co-operation of 
both PDZ domains of syntenin. J. Biol. Chem. 275, 
19933-19941.

Grosskurth, H., Mosha, F., Todd, J., Mwijarubi, E., 
Klokke, A., Senkoro, K., Mayaud, P., Changalucha, 
J., Nicoll, A., ka-Gina, G. et al. (1995). Impact of im-
proved treatment of sexually transmitted diseases 
on HIV infection in rural Tanzania: randomised con-
trolled trial. Lancet 346, 530-536.

Gurney, K.B., Elliott, J., Nassanian, H., Song, C., 
Soilleux, E., McGowan, I., Anton, P.A., and Lee, 
B. (2005). Binding and transfer of human immuno-
deficiency virus by DC-SIGN+ cells in human rectal 
mucosa. J. Virol. 79, 5762-5773.

Hatsukari, I., Singh, P., Hitosugi, N., Messmer, 
D., Valderrama, E., Teichberg, S., Chaung, W., 
Gross, E., Schmidtmayerova, H., and Singhal, 
P.C. (2007). DEC-205-mediated internalization of 
HIV-1 results in the establishment of silent infection 
in renal tubular cells. J. Am. Soc. Nephrol. 18, 780-
787.

He, W., Ladinsky, M.S., Huey-Tubman, K.E., 
Jensen, G.J., McIntosh, J.R., and Bjorkman, 
P.J. (2008). FcRn-mediated antibody transport 
across epithelial cells revealed by electron to-
mography. Nature 455, 542-546.

Hladik, F., Lentz, G., Akridge, R.E., Peterson, G., 
Kelley, H., McElroy, A., and McElrath, M.J. (1999). 
Dendritic cell-T-cell interactions support coreceptor-
independent human immunodeficiency virus type 1 
transmission in the human genital tract. J. Virol. 73, 
5833-5842.

Holl, V., Peressin, M., Decoville, T., Schmidt, S., 
Zolla-Pazner, S., Aubertin, A.M., and Moog, C. 
(2006a). Nonneutralizing antibodies are able to in-
hibit human immunodeficiency virus type 1 replica-
tion in macrophages and immature dendritic cells. J 
Virol 80, 6177-6181.

Holl, V., Peressin, M., Schmidt, S., Decoville, T., 
Zolla-Pazner, S., Aubertin, A.M., and Moog, C. 
(2006b). Efficient inhibition of HIV-1 replication in hu-
man immature monocyte-derived dendritic cells by 
purified anti-HIV-1 IgG without induction of matura-
tion. Blood 107, 4466-4474.

Howard, M.J. and Isacke, C.M. (2002). The C-type 
lectin receptor Endo180 displays internalization and 
recycling properties distinct from other members of 
the mannose receptor family. J. Biol. Chem. 277, 
32320-32331.

Hu, Q., Frank, I., Williams, V., Santos, J.J., Watts, 
P., Griffin, G.E., Moore, J.P., Pope, M., and Shat-
tock, R.J. (2004). Blockade of attachment and fu-
sion receptors inhibits HIV-1 infection of human cer-
vical tissue. J. Exp. Med. 199, 1065-1075.

Huber, M., Fischer, M., Misselwitz, B., Manrique, 
A., Kuster, H., Niederost, B., Weber, R., von, W., V, 
Gunthard, H.F., and Trkola, A. (2006). Complement 
lysis activity in autologous plasma is associated with 
lower viral loads during the acute phase of HIV-1 in-



159
page

6
D

IS
C

U
S

S
IO

N

fection. PLoS. Med 3, e441.

Hussain, L.A. and Lehner, T. (1995). Comparative 
investigation of Langerhans’ cells and potential re-
ceptors for HIV in oral, genitourinary and rectal epi-
thelia. Immunology 85, 475-484.

Izquierdo-Useros, N., Blanco, J., Erkizia, I., 
Fernandez-Figueras, M.T., Borras, F.E., Naranjo-
Gomez, M., Bofill, M., Ruiz, L., Clotet, B., and Mar-
tinez-Picado, J. (2007). Maturation of blood-derived 
dendritic cells enhances human immunodeficiency 
virus type 1 capture and transmission. J Virol 81, 
7559-7570.

Izquierdo-Useros, N., Naranjo-Gomez, M., Arch-
er, J., Hatch, S.C., Erkizia, I., Blanco, J., Borras, 
F.E., Puertas, M.C., Connor, J.H., Fernandez-
Figueras, M.T. et al. (2008). Capture and transfer of 
HIV-1 particles by mature dendritic cells converges 
with the exosome-dissemination pathway. Blood.

Jameson, B., Baribaud, F., Pohlmann, S., Ghavi-
mi, D., Mortari, F., Doms, R.W., and Iwasaki, A. 
(2002). Expression of DC-SIGN by dendritic cells of 
intestinal and genital mucosae in humans and rhe-
sus macaques. J. Virol. 76, 1866-1875.

Jiang, W., Swiggard, W.J., Heufler, C., Peng, M., 
Mirza, A., Steinman, R.M., and Nussenzweig, 
M.C. (1995). The receptor DEC-205 expressed by 
dendritic cells and thymic epithelial cells is involved 
in antigen processing. Nature 375, 151-155.

Kato, M., Neil, T.K., Fearnley, D.B., McLellan, A.D., 
Vuckovic, S., and Hart, D.N. (2000). Expression of 
multilectin receptors and comparative FITC-dextran 
uptake by human dendritic cells. Int. Immunol. 12, 
1511-1519.

Keele, B.F., Giorgi, E.E., Salazar-Gonzalez, J.F., 
Decker, J.M., Pham, K.T., Salazar, M.G., Sun, C., 
Grayson, T., Wang, S., Li, H. et al. (2008). Identifi-
cation and characterization of transmitted and early 
founder virus envelopes in primary HIV-1 infection. 
Proc Natl Acad Sci U S A 105, 7552-7557.

Koning, F.A., Jansen, C.A., Dekker, J., Kaslow, 
R.A., Dukers, N., van, B.D., Prins, M., and Schu-
itemaker, H. (2004). Correlates of resistance to HIV-
1 infection in homosexual men with high-risk sexual 
behaviour. AIDS 18, 1117-1126.

Kopatz, I., Remy, J.S., and Behr, J.P. (2004). A 

model for non-viral gene delivery: through syndecan 
adhesion molecules and powered by actin. J. Gene 
Med. 6, 769-776.

Kwon, D.S., Gregorio, G., Bitton, N., Hendrick-
son, W.A., and Littman, D.R. (2002). DC-SIGN-me-
diated internalization of HIV is required for trans-en-
hancement of T cell infection. Immunity 16, 135-144.

Lambert, A.A., Gilbert, C., Richard, M., Beaulieu, 
A.D., and Tremblay, M.J. (2008). The C-type lec-
tin surface receptor DCIR acts as a new attachment 
factor for HIV-1 in dendritic cells and contributes to 
trans- and cis-infection pathways. Blood 112, 1299-
1307.

Lederman, M.M., Purvis, S.F., Walter, E.I., Carey, 
J.T., and Medof, M.E. (1989). Heightened comple-
ment sensitivity of acquired immunodeficiency syn-
drome lymphocytes related to diminished expres-
sion of decay-accelerating factor. Proc. Natl. Acad. 
Sci. U. S. A 86, 4205-4209.

Ledford, H. (2007). HIV vaccine may raise risk. Na-
ture 450, 325.

Lefrere, J.J., Roudot-Thoraval, F., Vittecoq, D., 
Heshmati, F., Audat, F., Lerable, J., Reed, D., 
Petit, J.C., Burghoffer, B., and Morand-Joubert, 
L. (1996). Quantitation of passively acquired human 
immunodeficiency virus (HIV) antibodies in AIDS pa-
tients transfused with a plasma that is rich in HIV an-
tibodies. Transfusion 36, 734-738.

Leslie, A.J., Pfafferott, K.J., Chetty, P., Draenert, 
R., Addo, M.M., Feeney, M., Tang, Y., Holmes, 
E.C., Allen, T., Prado, J.G. et al. (2004). HIV evolu-
tion: CTL escape mutation and reversion after trans-
mission. Nat. Med. 10, 282-289.

Liu, J., O’Brien, K.L., Lynch, D.M., Simmons, N.L., 
La Porte, A., Riggs, A.M., Abbink, P., Coffey, R.T., 
Grandpre, L.E., Seaman, M.S. et al. (2009). Im-
mune control of an SIV challenge by a T-cell-based 
vaccine in rhesus monkeys. Nature 457, 87-91.

Lore, K., Sonnerborg, A., Brostrom, C., Goh, L.E., 
Perrin, L., McDade, H., Stellbrink, H.J., Gazzard, 
B., Weber, R., Napolitano, L.A. et al. (2002). Ac-
cumulation of DC-SIGN+CD40+ dendritic cells with 
reduced CD80 and CD86 expression in lymphoid tis-
sue during acute HIV-1 infection. AIDS 16, 683-692.

Mahnke, K., Guo, M., Lee, S., Sepulveda, H., 



160
page

Swain, S.L., Nussenzweig, M., and Steinman, 
R.M. (2000). The dendritic cell receptor for endocy-
tosis, DEC-205, can recycle and enhance antigen 
presentation via major histocompatibility complex 
class II-positive lysosomal compartments. J. Cell 
Biol. 151, 673-684.

Mascola, J.R., Lewis, M.G., Stiegler, G., Harris, 
D., VanCott, T.C., Hayes, D., Louder, M.K., Brown, 
C.R., Sapan, C.V., Frankel, S.S. et al. (1999). Pro-
tection of Macaques against pathogenic simian/
human immunodeficiency virus 89.6PD by passive 
transfer of neutralizing antibodies. J. Virol. 73, 4009-
4018.

Mascola, J.R., Snyder, S.W., Weislow, O.S., Be-
lay, S.M., Belshe, R.B., Schwartz, D.H., Clements, 
M.L., Dolin, R., Graham, B.S., Gorse, G.J. et al. 
(1996). Immunization with envelope subunit vaccine 
products elicits neutralizing antibodies against lab-
oratory-adapted but not primary isolates of human 
immunodeficiency virus type 1. The National Insti-
tute of Allergy and Infectious Diseases AIDS Vaccine 
Evaluation Group. J. Infect. Dis. 173, 340-348.

Mascola, J.R., Stiegler, G., VanCott, T.C., Kating-
er, H., Carpenter, C.B., Hanson, C.E., Beary, H., 
Hayes, D., Frankel, S.S., Birx, D.L. et al. (2000). 
Protection of macaques against vaginal transmis-
sion of a pathogenic HIV-1/SIV chimeric virus by 
passive infusion of neutralizing antibodies. Nat. 
Med. 6, 207-210.

Mc, D.R., Ziylan, U., Spehner, D., Bausinger, H., 
Lipsker, D., Mommaas, M., Cazenave, J.P., Rap-
oso, G., Goud, B., de la, S.H. et al. (2002). Birbeck 
granules are subdomains of endosomal recycling 
compartment in human epidermal Langerhans cells, 
which form where Langerin accumulates. Mol. Biol. 
Cell 13, 317-335.

McElrath, M.J., De Rosa, S.C., Moodie, Z., Dubey, 
S., Kierstead, L., Janes, H., Defawe, O.D., Carter, 
D.K., Hural, J., Akondy, R. et al. (2008). HIV-1 vac-
cine-induced immunity in the test-of-concept Step 
Study: a case-cohort analysis. Lancet 372, 1894-
1905.

Mehandru, S., Vcelar, B., Wrin, T., Stiegler, G., 
Joos, B., Mohri, H., Boden, D., Galovich, J., Ten-
ner-Racz, K., Racz, P. et al. (2007). Adjunctive pas-
sive immunotherapy in human immunodeficiency vi-

rus type 1-infected individuals treated with antiviral 
therapy during acute and early infection. J. Virol. 81, 
11016-11031.

Meyer-Wentrup, F., itez-Ribas, D., Tacken, P.J., 
Punt, C.J., Figdor, C.G., de, V., I, and Adema, G.J. 
(2008). Targeting DCIR on human plasmacytoid 
dendritic cells results in antigen presentation and in-
hibits IFN-alpha production. Blood 111, 4245-4253.

Mezo, A.R., McDonnell, K.A., Hehir, C.A., Low, 
S.C., Palombella, V.J., Stattel, J.M., Kamphaus, 
G.D., Fraley, C., Zhang, Y., Dumont, J.A. et al. 
(2008). Reduction of IgG in nonhuman primates by a 
peptide antagonist of the neonatal Fc receptor FcRn. 
Proc. Natl. Acad. Sci. U. S. A 105, 2337-2342.

Migueles, S.A., Sabbaghian, M.S., Shupert, W.L., 
Bettinotti, M.P., Marincola, F.M., Martino, L., Hal-
lahan, C.W., Selig, S.M., Schwartz, D., Sullivan, J. 
et al. (2000). HLA B*5701 is highly associated with 
restriction of virus replication in a subgroup of HIV-
infected long term nonprogressors. Proc. Natl. Acad. 
Sci. U. S. A 97, 2709-2714.

Moore, J.P., Cao, Y., Qing, L., Sattentau, Q.J., 
Pyati, J., Koduri, R., Robinson, J., Barbas, C.F., 
III, Burton, D.R., and Ho, D.D. (1995). Primary iso-
lates of human immunodeficiency virus type 1 are 
relatively resistant to neutralization by monoclonal 
antibodies to gp120, and their neutralization is not 
predicted by studies with monomeric gp120. J. Virol. 
69, 101-109.

Nakase, I., Tadokoro, A., Kawabata, N., Takeuchi, 
T., Katoh, H., Hiramoto, K., Negishi, M., Nomizu, 
M., Sugiura, Y., and Futaki, S. (2007). Interaction 
of arginine-rich peptides with membrane-associated 
proteoglycans is crucial for induction of actin organi-
zation and macropinocytosis. Biochemistry 46, 492-
501.

Navis, M., Schellens, I., van, B.D., Borghans, J., 
van, S.P., Miedema, F., Kootstra, N., and Schuite-
maker, H. (2007). Viral replication capacity as a cor-
relate of HLA B57/B5801-associated nonprogres-
sive HIV-1 infection. J. Immunol. 179, 3133-3143.

Nguyen, D.G. and Hildreth, J.E. (2003). Involve-
ment of macrophage mannose receptor in the bind-
ing and transmission of HIV by macrophages. Eur. J. 
Immunol. 33, 483-493.



161
page

6
D

IS
C

U
S

S
IO

N

Ober, R.J., Martinez, C., Vaccaro, C., Zhou, J., and 
Ward, E.S. (2004). Visualizing the site and dynamics 
of IgG salvage by the MHC class I-related receptor, 
FcRn. J. Immunol. 172, 2021-2029.

Ojo-Amaize, E.A., Nishanian, P., Keith, D.E., Jr., 
Houghton, R.L., Heitjan, D.F., Fahey, J.L., and 
Giorgi, J.V. (1987). Antibodies to human immuno-
deficiency virus in human sera induce cell-mediat-
ed lysis of human immunodeficiency virus-infected 
cells. J. Immunol. 139, 2458-2463.

Pan, Y., Brown, C., Wang, X., and Geisert, E.E. 
(2007). The developmental regulation of CD81 in the 
rat retina. Mol. Vis. 13, 181-189.

Parren, P.W., Marx, P.A., Hessell, A.J., Luckay, A., 
Harouse, J., Cheng-Mayer, C., Moore, J.P., and 
Burton, D.R. (2001). Antibody protects macaques 
against vaginal challenge with a pathogenic R5 sim-
ian/human immunodeficiency virus at serum levels 
giving complete neutralization in vitro. J. Virol. 75, 
8340-8347.

Pelchen-Matthews, A., Kramer, B., and Marsh, 
M. (2003). Infectious HIV-1 assembles in late en-
dosomes in primary macrophages. J. Cell Biol. 162, 
443-455.

Pellegrin, I., Legrand, E., Neau, D., Bonot, P., 
Masquelier, B., Pellegrin, J.L., Ragnaud, J.M., 
Bernard, N., and Fleury, H.J. (1996). Kinetics of 
appearance of neutralizing antibodies in 12 patients 
with primary or recent HIV-1 infection and relation-
ship with plasma and cellular viral loads. J. Acquir. 
Immune. Defic. Syndr. Hum. Retrovirol. 11, 438-447.

Pitisuttithum, P., Gilbert, P., Gurwith, M., Hey-
ward, W., Martin, M., van, G.F., Hu, D., Tappero, 
J.W., and Choopanya, K. (2006). Randomized, 
double-blind, placebo-controlled efficacy trial of a bi-
valent recombinant glycoprotein 120 HIV-1 vaccine 
among injection drug users in Bangkok, Thailand. J. 
Infect. Dis. 194, 1661-1671.

Pollicita, M., Schols, D., Aquaro, S., Peumans, 
W.J., Van Damme, E.J., Perno, C.F., and Balzarini, 
J. (2008). Carbohydrate-binding agents (CBAs) in-
hibit HIV-1 infection in human primary monocyte-de-
rived macrophages (MDMs) and efficiently prevent 
MDM-directed viral capture and subsequent trans-
mission to CD4+ T lymphocytes. Virology 370, 382-

391.

Raghavan, M., Bonagura, V.R., Morrison, S.L., 
and Bjorkman, P.J. (1995). Analysis of the pH de-
pendence of the neonatal Fc receptor/immunoglob-
ulin G interaction using antibody and receptor vari-
ants. Biochemistry 34, 14649-14657.

Rappocciolo, G., Piazza, P., Fuller, C.L., Reinhart, 
T.A., Watkins, S.C., Rowe, D.T., Jais, M., Gupta, 
P., and Rinaldo, C.R. (2006). DC-SIGN on B lym-
phocytes is required for transmission of HIV-1 to T 
lymphocytes. PLoS. Pathog. 2, e70.

Reece, J.C., Handley, A.J., Anstee, E.J., Mor-
rison, W.A., Crowe, S.M., and Cameron, P.U. 
(1998). HIV-1 selection by epidermal dendritic cells 
during transmission across human skin. J Exp Med 
187, 1623-1631.

Reiche, E.M., Bonametti, A.M., Voltarelli, J.C., 
Morimoto, H.K., and Watanabe, M.A. (2007). Ge-
netic polymorphisms in the chemokine and chemok-
ine receptors: impact on clinical course and therapy 
of the human immunodeficiency virus type 1 infec-
tion (HIV-1). Curr. Med. Chem. 14, 1325-1334.

Richard, M., Thibault, N., Veilleux, P., Breton, 
R., and Beaulieu, A.D. (2003). The ITIM-bearing 
CLECSF6 (DCIR) is down-modulated in neutrophils 
by neutrophil activating agents. Biochem. Biophys. 
Res. Commun. 310, 767-773.

Rook, A.H., Lane, H.C., Folks, T., McCoy, S., Al-
ter, H., and Fauci, A.S. (1987). Sera from HTLV-III/
LAV antibody-positive individuals mediate antibody-
dependent cellular cytotoxicity against HTLV-III/LAV-
infected T cells. J. Immunol. 138, 1064-1067.

Saphire, A.C., Bobardt, M.D., Zhang, Z., David, G., 
and Gallay, P.A. (2001). Syndecans serve as attach-
ment receptors for human immunodeficiency virus 
type 1 on macrophages. J. Virol. 75, 9187-9200.

Schmitz, J., Zimmer, J.P., Kluxen, B., Aries, S., 
Bogel, M., Gigli, I., and Schmitz, H. (1995). Anti-
body-dependent complement-mediated cytotoxicity 
in sera from patients with HIV-1 infection is controlled 
by CD55 and CD59. J. Clin. Invest 96, 1520-1526.

Schmitz, J.E., Kuroda, M.J., Santra, S., Sasse-
ville, V.G., Simon, M.A., Lifton, M.A., Racz, P., 
Tenner-Racz, K., Dalesandro, M., Scallon, B.J. et 
al. (1999). Control of viremia in simian immunode-



162
page

ficiency virus infection by CD8+ lymphocytes. Sci-
ence 283, 857-860.

Schwartz, A.J., Alvarez, X., and Lackner, A.A. 
(2002). Distribution and immunophenotype of DC-
SIGN-expressing cells in SIV-infected and unin-
fected macaques. AIDS Res. Hum. Retroviruses 18, 
1021-1029.

Sekaly, R.P. (2008). The failed HIV Merck vaccine 
study: a step back or a launching point for future vac-
cine development? J. Exp. Med. 205, 7-12.

Shibata, R., Igarashi, T., Haigwood, N., Buckler-
White, A., Ogert, R., Ross, W., Willey, R., Cho, 
M.W., and Martin, M.A. (1999). Neutralizing anti-
body directed against the HIV-1 envelope glycopro-
tein can completely block HIV-1/SIV chimeric virus 
infections of macaque monkeys. Nat. Med. 5, 204-
210.

Sivard, P., Berlier, W., Picard, B., Sabido, O., 
Genin, C., and Misery, L. (2004). HIV-1 infection of 
Langerhans cells in a reconstructed vaginal mucosa. 
J. Infect. Dis. 190, 227-235.

Smed-Sorensen, A., Lore, K., Vasudevan, J., 
Louder, M.K., Andersson, J., Mascola, J.R., 
Spetz, A.L., and Koup, R.A. (2005). Differential 
susceptibility to human immunodeficiency virus type 
1 infection of myeloid and plasmacytoid dendritic 
cells. J Virol 79, 8861-8869.

Sowinski, S., Jolly, C., Berninghausen, O., Pur-
bhoo, M.A., Chauveau, A., Kohler, K., Oddos, S., 
Eissmann, P., Brodsky, F.M., Hopkins, C. et al. 
(2008). Membrane nanotubes physically connect T 
cells over long distances presenting a novel route 
for HIV-1 transmission. Nat. Cell Biol. 10, 211-219.

Stoiber, H., Frank, I., Spruth, M., Schwendinger, 
M., Mullauer, B., Windisch, J.M., Schneider, R., 
Katinger, H., Ando, I., and Dierich, M.P. (1997). In-
hibition of HIV-1 infection in vitro by monoclonal an-
tibodies to the complement receptor type 3 (CR3): 
an accessory role for CR3 during virus entry? Mol. 
Immunol. 34, 855-863.

Streeck, H., Li, B., Poon, A.F., Schneidewind, 
A., Gladden, A.D., Power, K.A., Daskalakis, D., 
Bazner, S., Zuniga, R., Brander, C. et al. (2008). 
Immune-driven recombination and loss of control af-
ter HIV superinfection. J. Exp. Med. 205, 1789-1796.

Thieblemont, N., Haeffner-Cavaillon, N., Ledur, 
A., L’Age-Stehr, J., Ziegler-Heitbrock, H.W., and 
Kazatchkine, M.D. (1993). CR1 (CD35) and CR3 
(CD11b/CD18) mediate infection of human mono-
cytes and monocytic cell lines with complement-op-
sonized HIV independently of CD4. Clin. Exp. Immu-
nol. 92, 106-113.

Tkachenko, E., Lutgens, E., Stan, R.V., and Si-
mons, M. (2004). Fibroblast growth factor 2 endocy-
tosis in endothelial cells proceed via syndecan-4-de-
pendent activation of Rac1 and a Cdc42-dependent 
macropinocytic pathway. J. Cell Sci. 117, 3189-3199.

Trkola, A., Kuster, H., Rusert, P., Joos, B., Fischer, 
M., Leemann, C., Manrique, A., Huber, M., Rehr, 
M., Oxenius, A. et al. (2005). Delay of HIV-1 rebound 
after cessation of antiretroviral therapy through pas-
sive transfer of human neutralizing antibodies. Nat. 
Med 11, 615-622.

Turville, S.G., Arthos, J., Donald, K.M., Lynch, G., 
Naif, H., Clark, G., Hart, D., and Cunningham, A.L. 
(2001). HIV gp120 receptors on human dendritic 
cells. Blood 98, 2482-2488.

Turville, S.G., Cameron, P.U., Handley, A., Lin, 
G., Pohlmann, S., Doms, R.W., and Cunningham, 
A.L. (2002). Diversity of receptors binding HIV on 
dendritic cell subsets. Nat. Immunol. 3, 975-983.

Van Vliet, S.J., Saeland, E., and van, K.Y. (2008). 
Sweet preferences of MGL: carbohydrate specificity 
and function. Trends Immunol. 29, 83-90.

Veazey, R.S., Shattock, R.J., Pope, M., Kiri-
jan, J.C., Jones, J., Hu, Q., Ketas, T., Marx, P.A., 
Klasse, P.J., Burton, D.R. et al. (2003). Prevention 
of virus transmission to macaque monkeys by a vagi-
nally applied monoclonal antibody to HIV-1 gp120. 
Nat. Med. 9, 343-346.

Vittecoq, D., Chevret, S., Morand-Joubert, L., 
Heshmati, F., Audat, F., Bary, M., Dusautoir, T., 
Bismuth, A., Viard, J.P., Barre-Sinoussi, F. et al. 
(1995). Passive immunotherapy in AIDS: a double-
blind randomized study based on transfusions of 
plasma rich in anti-human immunodeficiency virus 1 
antibodies vs. transfusions of seronegative plasma. 
Proc. Natl. Acad. Sci. U. S. A 92, 1195-1199.

Wang, J.H., Wells, C., and Wu, L. (2008). Macropi-
nocytosis and cytoskeleton contribute to dendritic 



163
page

6
D

IS
C

U
S

S
IO

N

cell-mediated HIV-1 transmission to CD4+ T cells. 
Virology 381, 143-154.

Ward, E.S., Zhou, J., Ghetie, V., and Ober, R.J. 
(2003). Evidence to support the cellular mechanism 
involved in serum IgG homeostasis in humans. Int. 
Immunol. 15, 187-195.

Wawer, M.J., Sewankambo, N.K., Serwadda, D., 
Quinn, T.C., Paxton, L.A., Kiwanuka, N., Wabwire-
Mangen, F., Li, C., Lutalo, T., Nalugoda, F. et al. 
(1999). Control of sexually transmitted diseases for 
AIDS prevention in Uganda: a randomised commu-
nity trial. Rakai Project Study Group. Lancet 353, 
525-535.

Wiley, R.D. and Gummuluru, S. (2006). Immature 
dendritic cell-derived exosomes can mediate HIV-1 
trans infection. Proc Natl Acad Sci U S A 103, 738-
743.

Wilflingseder, D., Banki, Z., Garcia, E., Pruenster, 
M., Pfister, G., Muellauer, B., Nikolic, D.S., Gas-
sner, C., Ammann, C.G., Dierich, M.P. 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.

Woods, A., Oh, E.S., and Couchman, J.R. (1998). 
Syndecan proteoglycans and cell adhesion. Matrix 
Biol. 17, 477-483.

Wu, L., Martin, T.D., Carrington, M., and Kewal-
Ramani, V.N. (2004a). Raji B cells, misidentified 

as THP-1 cells, stimulate DC-SIGN-mediated HIV 
transmission. Virology 318, 17-23.

Wu, L., Martin, T.D., Han, Y.C., Breun, S.K., and 
KewalRamani, V.N. (2004b). Trans-dominant cellu-
lar inhibition of DC-SIGN-mediated HIV-1 transmis-
sion. Retrovirology. 1, 14.

Wubbolts, R., Fernandez-Borja, M., Oomen, L., 
Verwoerd, D., Janssen, H., Calafat, J., Tulp, A., 
Dusseljee, S., and Neefjes, J. (1996). Direct vesic-
ular transport of MHC class II molecules from lyso-
somal structures to the cell surface. J Cell Biol 135, 
611-622.

Zhang, Z., Schuler, T., Zupancic, M., Wietgrefe, 
S., Staskus, K.A., Reimann, K.A., Reinhart, T.A., 
Rogan, M., Cavert, W., Miller, C.J. et al. (1999). 
Sexual transmission and propagation of SIV and HIV 
in resting and activated CD4+ T cells. Science 286, 
1353-1357.

Zhu, X., Meng, G., Dickinson, B.L., Li, X., Mi-
zoguchi, E., Miao, L., Wang, Y., Robert, C., Wu, B., 
Smith, P.D. et al. (2001). MHC class I-related neo-
natal Fc receptor for IgG is functionally expressed 
in monocytes, intestinal macrophages, and dendritic 
cells. J. Immunol. 166, 3266-3276.

Zimmermann, P., Zhang, Z., Degeest, G., Mortier, 
E., Leenaerts, I., Coomans, C., Schulz, J., N’Kuli, 
F., Courtoy, P.J., and David, G. (2005). Syndecan 
recycling [corrected] is controlled by syntenin-PIP2 
interaction and Arf6. Dev. Cell 9, 377-388.




