
437Clinical Science (2003) 104, 437–446 (Printed in Great Britain)

+ G L A X O S M I T H K L I N E / M R S P A P E R

DC-SIGN (dendritic cell-specific ICAM-
grabbing non-integrin) and DC-SIGN-related

(DC-SIGNR): friend or foe?*

Elizabeth J. SOILLEUX
Medical Research Council Cancer Cell Unit, Hutchison/M.R.C. Research Centre, Hills Road, Cambridge CB2 2XY, U.K.

A B S T R A C T

C-type lectins are calcium-dependent carbohydrate-binding proteins with a wide range of

biological functions, many of which are related to immunity. DC-SIGN (dendritic cell-specific

ICAM-grabbing non-integrin, where ICAM is intercellular adhesion molecule) is a recently

described mannose-specific C-type lectin expressed by dendritic cells. Dendritic cells are potent

antigen-presenting cells capable of activating T-lymphocytes. DC-SIGN, which is expressed by

dendritic cells, binds to ICAM-3 on T-lymphocytes, therefore playing an important role in the

activation of T-lymphocytes. DC-SIGN can also bind HIV, and the virus may remain bound to

DC-SIGN for protracted periods. DC-SIGN may deliver bound HIV to permissive cell types,

mediating infection with high efficiency. A closely related C-type lectin, DC-SIGN-related

molecule (DC-SIGNR) has also been described. DC-SIGNR is expressed by restricted subsets of

endothelial cells, but has similar ICAM-3 and HIV-binding properties to DC-SIGN. This review

describes the mapping of DC-SIGN and DC-SIGNR to chromosome 19p13.3 adjacent to the

previously described C-type lectin, CD23 [the low-affinity receptor for immunoglobulin E

(FcERII)]. The similar genomic organization of these three genes is discussed and consideration

is given to the evolutionary duplications that may underlie this arrangement. Both DC-SIGN and

DC-SIGNR possess a neck region, made up of multiple repeats, which supports the ligand-

binding domain. Consideration is given to the biological reasons underlying the considerable

polymorphism in the numbers of repeats in DC-SIGNR, but not DC-SIGN. The expression

patterns of both DC-SIGN and DC-SIGNR are discussed in detail, with particular attention to

the expression of both molecules in the placenta, which may have implications for the vertical

transmission of HIV. Since dendritic cells may be important in determining the phenotype of

many immune responses, via effects on T-lymphocytes, the differential expression of DC-SIGN

by particular dendritic cell subsets may have important implications for the immunobiological

functions of DC-SIGN. Similarly, the expression of DC-SIGNR by very restricted subsets of

endothelial cells may give clues to the function of DC-SIGNR. Finally, the role of DC-SIGN in

pathology, particularly in infective and neoplastic processes, is discussed, followed by speculation

about likely future developments in this field.

* This paper was presented at the GlaxoSmithKline}MRS Young Investigator session at the MRS meeting, Royal College of
Physicians, London, on 4 February 2002.
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C-TYPE LECTINS IN IMMUNITY

Lectins are unique among proteins in that they bind to
carbohydrates with considerable specificity [1]. Several
subtypes of animal lectin have been defined, including
one large group of calcium-dependent carbohydrate-
binding molecules, known as the C-type lectins [1]. This
group includes conglutinin, the surfactant proteins,
mannose-binding lectin, CD23, the natural killer cell
receptors, the selectins and an emerging group of den-
dritic cell (DC) lectins [2–4].

C-type lectins possess one or more carbohydrate-
recognition domains (CRDs). CRDs of C-type lectins
frequently have a number of conserved amino acid
residues and a conserved overall secondary structure, the
C-type lectin fold [4]. The crystallographic structures of
an increasing number of lectins have been determined [4].

Certain motifs within the CRDs of C-type lectins
allow the prediction of carbohydrate specificity, such as
mannose}N-acetylglucosamine versus glucose}galactose
[4]. A number of type II integral membrane proteins with
C-type lectin domains have regions that are predicted to
form coiled-coil neck structures [5]. In many cases, the
potential for oligomerization through the neck regions
remains to be investigated. One report suggests that the
human asialoglycoprotein receptors 1 and 2 are able to
form a hetero-oligomer via their neck regions. Similarly
CD23 and mannose-binding proteins can form homo-
trimers [5,6].

Within an oligomer, these coiled-coil region neck
structures may form a relatively rigid neck support for
the CRD, thus altering the angles and distances between
the carbohydrate-binding sites within the each of the
constituent monomers [5]. This may have a profound
impact upon the ligand specificity of the lectin [5].

This review outlines the recent discovery of
two mannose-binding C-type lectins, DC-SIGN (DC-
specific ICAM-grabbing non-integrin, where ICAM is
intercellular adhesion molecule) and DC-SIGNR (DC-
SIGN-related molecule). Both are able to bind HIV and
faciliate HIV infection of various human cells. The
cloning and genomic, expression, structural and func-
tional analysis of DC-SIGN and DC-SIGNR will be
discussed.

THE DISCOVERY OF DC-SIGN

DCs are highly specialized antigen-presenting cells,
capable of activating naı$ve and memory T-lymphocytes.
A number of adhesive interactions between the DC and
T-lymphocyte are important during T-lymphocyte
activation [7]. The DC-expressed β-integrin, leucocyte
function associated molecule-1 (‘LFA-1’), was originally
described as the major ligand for ICAM-3 on T-lympho-
cytes. However, antibodies against leucocyte function

Figure 1 DC-SIGN-mediated enhancement of HIV infection
in trans and in cis
Upper panel : DCs can adsorb HIV and, despite very thorough washing, can mediate
infection of T-lymphocytes in trans during subsequent co-culture [11]. HIV entry
requires the expression of CD4 and a chemokine receptor, such as CCR5 [11]. DC-
SIGN also interacts with ICAM-3 on T-lymphocytes, thus being important for the
activation of naı$ ve T-lymphocytes [8]. Lower panel : whereas infection in trans
occurs when DC-SIGN is expressed on a separate cell from that which becomes
infected, infection in cis may occur when DC-SIGN is co-expressed with CD4 and
chemokine receptor (e.g. CCR5) on a permissive cell type, such as a macrophage
[13]. Reprinted from Int. J. Biochem. Cell Biol., vol. 35, E. J. Soilleux and N.
Coleman, ‘‘ Transplacental transmission of HIV : a potential role for HIV binding ’’,
pp. 283–287, #(2003), with permission from Elsevier Science.

associated molecule-1 failed to abrogate T-cell–DC
clustering, whereas anti-(ICAM-3) antibodies com-
pletely abrogated this clustering. A search began for the
DC-expressed molecule responsible for this ICAM-3-
binding activity. Anti-DC hybridoma supernatants were
screened for the ability to inhibit ICAM-3 binding to
DCs and a C-type lectin was eventually cloned and
designated DC-SIGN [8]. This review describes the
genomic organization, expression pattern, postulated
functions and role in pathology of DC-SIGN and a
closely related molecule designated DC-SIGNR ²also
called liver}lymph node (‘L’)-SIGN and DC-SIGN2 by
other groups [9,10]´.

The sequence designated DC-SIGN was identical to
that of a C-type lectin cloned due to its ability to bind the
HIV envelope protein gp120 in 1992 [11,12]. Subsequent
work by the group which described DC-SIGN demon-
strated that it could bind HIV gp120 with high affinity
and for up to several days. DC-SIGN-bound virus could
infect other cells with appropriate HIV receptors and co-
receptors, and this process was described as HIV in-
fection in trans (Figure 1) [11]. At this time, DC-SIGN
expression was reported to be restricted to a subset of
DC with an immature phenotype. Analogous to ligand
binding by other C-type lectins, DC-SIGN binding to
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both ICAM-3 and HIV can be abrogated by mannose
and calcium-chelating agents [8,11]. Our more recent
work has demonstrated the ability of DC-SIGN to
mediate HIV infection of permissive cell types in cis
(Figure 1) [13].

GENOMIC CLONING OF DC-SIGN AND A
NOVEL TRANSCRIPT, DC-SIGNR

DC-SIGN and a closely related (73% identical) tran-
script, DC-SIGNR, were cloned from placental cDNA
[8,9,14,15]. The genes encode 77% identical type II
integral membrane proteins, which have tracts of repeats
of 23 amino acids, predicted to form a coiled-coil neck
region (Figure 2) [14]. This supports a C-type lectin
domain, which possess motifs known to bind mannose in
a calcium-dependent fashion [14], consistent with the
observed calcium-dependent binding of DC-SIGN to
HIV gp120 and ICAM-3 [8,11], both of which possess
high-mannose structures [16–18]. DC-SIGN and DC-
SIGNR have since been crystallized in the presence of
high-mannose oligosaccharides [19]. The predicted α-
helical structure of the neck regions and the high level of
identity between repeats, both within each molecule and
between DC-SIGN and DC-SIGNR, suggested that
both homo- and hetero-oligomerization might occur via
this region [14]. Subsequent structural analysis has
demonstrated that the extracellular domains of both DC-
SIGN and DC-SIGNR form tetramers [20]. The neck
region of DC-SIGN and DC-SIGNR may also be
important in determining the orientation of the
carbohydrate-binding C-type lectin domain and may
therefore have an impact on ligand specificity [20].

Polymorphism analysis of the numbers of repeats
present in this neck region was undertaken (Table 1) [9].
Alleles of DC-SIGNR have between 3–9 repeats in the
neck region at the genomic level [9]. This variation may

Figure 2 Predicted protein domains in DC-SIGN and DC-SIGNR
The exons encoding these are shown below their respective domains. The repeat region forms a putative neck region, supporting the CRD above the membrane [14].

Table 1 Results of DC-SIGNR polymorphism analysis from
Bashirova et al. [9]
This group did not find any significant polymorphism in the numbers of neck
repeats in DC-SIGN [9]. Reproduced from The Journal of Experimental Medicine,
2001, vol. 193, pp. 671–678, by copyright permission of The Rockefeller University
Press.

Number of repeats Allele frequency Percentage frequency

3 1 0.3
4 25 3.6
5 202 28.9
6 86 12.2
7 377 53.9
8 2 0.3
9 7 1.0

Total 700 100

have important consequences for both the function and
the expression levels of the DC-SIGNR protein, par-
ticularly in individuals with two non-identical alleles of
DC-SIGNR. It is possible that the higher level of
polymorphism seen in DC-SIGNR reflects a function
that is less critical for survival or reproduction.

DC-SIGN AND DC-SIGNR FORM A
TIGHT CLUSTER WITH CD23 ON
chromosome 19p13.3

Radiation hybrid panel mapping [21] of DC-SIGN and
DC-SIGNR gave a localization on chromosome 19p13.3
[14]. Subsequent PAC library [22] screening by
hybridization and PCR showed DC-SIGN and DC-
SIGNR to be tightly linked to CD23 [14], a C-type lectin
known to map to 19p13 [23]. These results concur with
preliminary high-throughput genomic sequence data
from previous studies [9,15]. All three C-type lectin
genes have analogous genomic organization (Figure 3)
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Figure 3 DC-SIGN and DC-SIGNR gene structures assembledbycomparison of the full genomic sequence of DC-SIGN and partial
sequence of DC-SIGNR
The gene structure of closely linked CD23 is included for comparison [24]. DC-SIGN and DC-SIGNR have very similar gene structures, except for the presence of an
additional 3« untranslated exon in DC-SIGNR. Exon sizes are shown in nucleotides above the figure and intron sizes are below [14]. In CD23, the three repeats of the
neck region are encoded by three separate 63 bp exons [24]. The seven 69 bp repeats of both DC-SIGN and DC-SIGNR are each encoded by a single 570 bp exon [14].
UTR, untranslated region.

[24], suggesting that they were duplicated from a single
ancestral gene. Indeed, recent murine data [25] suggest
that duplication may have occurred in an ancestor of
modern day mammals, since mice have five DC-SIGN}
DC-SIGNR genes of which four may represent DC-
SIGNR homologues and one a DC-SIGN homologue.
The murine homologues also show close genetic linkage
to CD23 [25]. Further evidence for gene duplication
includes : (i) the ability of mannose to provide incomplete
inhibition of the binding of CD23 to certain of its ligands
[26,27], analogous to the mannose-mediated inhibition
of ligand binding by DC-SIGN and DC-SIGNR
[8,9,11,28], and (ii) recent data demonstrating that
DC-SIGN expression, similar to that of CD23, is
critically regulated by interleukin (IL)-4 [29].

DC-SIGN AND PARALOGOUS REGIONS: THE
CHICKEN STORY

In addition to the proposed duplication of an ancestral
lectin gene on chromosome 19p13.3 to give DC-SIGN,
DC-SIGNR and CD23, a larger scale and more ancient

duplication may have resulted in these lectins being on
chromosome 19p13.3. Kasahara and co-workers [30–32]
proposed that duplications of the entire genome took
place in an ancestor of jawless fish, underpinning the
observed paralogy between human chromosome 19p13
and parts of human chromosomes 6p21 (the region
encoding the MHC) and parts of chromosome 12p (the
site of the natural killer cell lectin locus) [30–32]. The
chicken MHC (the B locus), which is encoded by a region
syntenic to human 6p21, contains two lectin genes,
whereas no lectins are encoded in the human MHC
region [33]. The predicted proteins from the chicken B
locus lectins show between 27 and 31% identity at the
amino acid level across the CRD with DC-SIGN and
DC-SIGNR. It may be that homologues of the chicken B
locus lectins have been lost from the human MHC
(6p21), while remaining in a paralogous region on
human chromosome 19p13. The lectins in the human
natural killer cell lectin locus on chromosome 12p show
lower identity to DC-SIGN and DC-SIGNR, but retain
a similar gene structure. Therefore the chicken B locus
lectins, the natural killer cell lectins and the DC-SIGN
gene family may have arisen from a single ancestral gene,

# 2003 The Biochemical Society and the Medical Research Society



441DC-SIGN and DC-SIGNR : friend or foe ?

which has undergone multiple duplications during evol-
ution.

DC-SIGN EXPRESSION ON RESTRICTED
ANTIGEN-PRESENTING CELLS: EVIDENCE
FOR A ROLE IN IMMUNOMODULATION?

DCs are a very heterogeneous group of antigen-
presenting cells. Different subpopulations differ in the
efficacy with which they activate naı$ve T-lymphocytes,
besides inducing the development of phenotypically
different T-lymphocyte responses [34]. Defining the
exact DC subpopulations that express DC-SIGN might
give clues to the biological functions of DC-SIGN. DCs
express DC-SIGN at all mucosal surfaces and
ubiquitously within fibrous connective tissue, whereas
epidermal Langerhans cells are consistently DC-SIGN-
negative [8,11,35,36]. However, a closely related
mannose-binding lectin, Langerin, may complement
DC-SIGN’s role in Langerhans cells [35].

DC-SIGN+ DCs are present in all lymphoid organs
[8,11,36]. In lymph nodes, the majority of DC-SIGN+

DCs are located near the entry points for lymph in the
cortical sinuses, whereas most DCs in the paracortex fail
to express DC-SIGN. Concomitantly, DCs expressing
appreciable levels of activation}maturation markers, such
as CD83, CD86 and cmrf-44 (located almost exclusively

Figure 4 Summary of DC phenotypes expressing DC-SIGN
A number of phenotypically and functionally different DC lineages have been defined and are summarized here. DC precursors are generated in bone marrow and then
enter the blood. They may then leave the blood and enter tissues, where they continually take up both self and foreign antigens. Certain stimuli, such as tissue injury,
can induce migration to local lymph nodes where the DCs interact with and activate T-lymphocytes. The most likely T-cell phenotypes generated by these interactions
are included [34]. DC phenotypes expressing DC-SIGN are encircled [13,35,36].

in lymph node paracortex), are negative for DC-SIGN.
In addition to their pronounced dendritic morphology,
DC-SIGN+ cells are CD3− CD79a− CD56− CD68+

CD14weak HLA-DRweak S100+/−, consistent with an
immature DC phenotype (Figure 4). Foetal tissues show
a very similar distribution of DC-SIGN expression to
that in the adult, suggesting that at the majority of sites
antigenic stimulation is unlikely to be critical for DC-
SIGN expression [36]. However, two sites deserve special
consideration.

The adult lung contains a population of DCs located
within the connective tissue between alveoli, in addition
to the alveolar macrophage population within alveolar
airspaces. These populations are normally distinguished
by their anatomical localization, rather than by the
expression of specific markers. Both the lung DCs and
more surprisingly the alveolar macrophages are DC-
SIGN+ [36]. Alveolar macrophages also express appreci-
able levels of the HIV-entry receptors CD4 and chemo-
kine receptor 5 (CCR5), suggesting that DC-SIGN could
mediate HIV infection of alveolar macrophages in cis
(Figure 1) [13]. This may explain why alveolar macro-
phages provide a viral reservoir during chronic HIV
infection [37]. In the neonate, smaller numbers of alveolar
macrophages are present, but these are universally DC-
SIGN−. Therefore, although no antigenic stimulation
appears to be required to induce expression of DC-SIGN
on DCs, macrophages may require environmental in-
struction to express DC-SIGN [36]. In support of this
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hypothesis, IL-13 treatment of macrophages in culture
can induce DC-SIGN RNA production [36].

DC-SIGN is expressed by DCs in the thymus, located
predominantly in the cortex. The thymus is the site of
maturation of all T-lymphocytes. Therefore, thymic DCs
could bind HIV particles for protracted periods via DC-
SIGN and could mediate HIV infection of thymocytes in
trans. The expression of CD4 by all thymocytes at the
double positive (CD4+ CD8+) stage, in addition to a
number of chemokine receptors permissive for HIV
infection, could substantially increase the thymocyte
death toll. DC-SIGN expression in the thymus may
therefore significantly diminish the potential for T-
lymphocyte repopulation despite maximal highly active
anti-retroviral therapy (‘HAART’) and minimal viral
load [36].

A number of DC lineages have been defined (Figure 4)
[34]. Besides DC-SIGN expression on immature}
unactivated DCs, one further DC subset appears to
express DC-SIGN under certain circumstances. Plasma-
cytoid or DC2 DCs induce T-lymphocytes to become T-
helper 2 (Th2; anti-parasite and pro-allergic) cells under
many circumstances [34]. Use of a combination of the
DC2 markers blood DC antigen-2 (‘BDCA-2’) and
CD123 demonstrated DC2 expression of DC-SIGN
protein in allergic nasal polyps and some lymph nodes
[36]. Furthermore, thymic cortical DCs, which we have
shown to express DC-SIGN [36], have previously been
reported to have a DC2 phenotype [38]. The IL-4-
dependent expression of DC-SIGN [29], the ability of
the Th2 cytokine IL-13 to induce DC-SIGN RNA in
macrophages [36] and the close genetic linkage between
DC-SIGN CD23 (an integral part of the Th2 axis of
immunity) suggest that DC-SIGN too may play a critical
role in the Th2 axis of immunity.

As discussed above, in addition to DCs, macrophages
can express DC-SIGN, and IL-13 treatment of macro-
phages in vitro can induce DC-SIGN RNA production
[13,36]. DC-SIGN expression appears to be restricted to
alveolar and decidual macrophages (see below) [13,36].
IL-13 may be abundant at both these sites and may
therefore be important in the induction of DC-SIGN
expression by macrophages [36]. Finally, up to 20 % of
lymph node sinus endothelial cells are DC-SIGN+.
Concomitant DC-SIGN and DC-SIGNR expression
occurs at this site. Heterotetramerization of DC-SIGN
and DC-SIGNR may allow modulation of the binding
and}or trafficking properties of the two molecules [39].

DC-SIGNR EXPRESSION ON RESTRICTED
ENDOTHELIA

DC-SIGNR was shown to bind HIV and mediate HIV
infection in trans in a very similar manner to DC-SIGN
(Figure 1) [28]. DC-SIGNR binding to ICAM-3 has also

been demonstrated, although the functional outcome of
this interaction remains unclear [9]. Therefore, detailed
expression analysis of DC-SIGNR was paramount to
give clues to its function in vivo.

DC-SIGNR is expressed by lymph node sinus en-
dothelium and hepatic sinusoidal endothelium, in ad-
dition to placental capillaries [9,28]. DC-SIGNR is
therefore unlikely to be important in the early stages of
HIV infection, but may potentiate the infection of T-
lymphocytes in trans in the blood and lymph nodes once
HIV infection is established. Additionally, the role of
DC-SIGNR in hepatotropic and other infections remains
to be determined. In primates, DC-SIGNR expression is
similar to that in man, although DC-SIGNR has also
been detected on a proportion of capillaries in the distal
ileum [40].

Factors determining the expression pattern of DC-
SIGNR are difficult to elucidate, although preliminary
work has yielded some clues. Whether the endothelial
cells line blood vessels or lymphatics appears to be
unimportant. In addition, endothelial activation is not
required. The specialization of the endothelium varies
between DC-SIGNR+ sites [39]. However, the endo-
thelial microenvironment appears to be important.
Hyperplasia of DC-SIGNR+ endothelium, both in
lymph node sinus hyperplasia and cat scratch dis-
ease, allows the maintenance of intensely positive DC-
SIGNR immunostaining. However, neoplasms of
DC-SIGNR-positive endothelial cell origin (hepatic
angiomas and angiosarcomas), which induce their own
stroma and thus microenvironment, are DC-SIGNR−

[39].

DC-SIGN AND DC-SIGNR MAY FACILITATE
THE INTRAUTERINE VERTICAL
TRANSMISSION OF HIV

Around 1.5–2% of cases of vertical transmission of HIV
appear to occur across the placenta, and no current
obstetric or pharmacological measures have been able to
reduce this [41]. The mechanisms underlying this pre-
sumed transplacental transmission of HIV are poorly
understood. Phenotypic characterization of the exact cell
type(s) responsible for DC-SIGN RNA expression in the
placenta was undertaken using immunohistochemistry.
DC-SIGN was expressed by CD68+ HLA-II+ CD14low

S100+/− CD83− CD86− cmrf-44− cells within chorionic
villi, consistent with Hofbauer cells (specialized foetal
macrophages), and also by CD68+ HLA-II+ CD14high

S100− CD83− CD86− cmrf-44− decidual macrophages
(Figure 5) [42]. Two other studies have also demon-
strated DC-SIGN expression on Hofbauer cells [15,43].
The DC-SIGN+ Hofbauer cells co-expressed CD4 and
the chemokine receptors CCR5 and chemokine receptor
of the CXC family (‘CXCR4’), observations that may
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Figure 5 Summary of the placenta and salient features that may be involved in transplacental transmission of HIV
The intimate relationship between foetal and maternal tissues can be appreciated. Resident leucocyte populations on both the foetal and maternal sides are indicated
[57,58]. DC-SIGN is expressed both on foetally derived Hofbauer cells found within chorionic villi and on maternally derived decidual macrophages. These cell populations
are in very close proximity. Closely related DC-SIGNR is expressed on placental capillary endothelium. Reprinted from Int. J. Biochem. Cell Biol., vol. 35, E. J. Soilleux
and N. Coleman, ‘‘ Transplacental transmission of HIV : a potential role for HIV binding ’’, pp. 283–287, #(2003), with permission from Elsevier Science.

account for the ability of these cells to become infected
with HIV. DC-SIGN could therefore potentiate HIV
infection of Hofbauer cells in cis [13,42]. Foetal DC-
SIGN+ Hofbauer cells are separated by only a layer of
trophoblast from both DC-SIGN+ maternal cells and
maternal blood, potential sources of HIV in infected
mothers (Figure 5) [42]. Previous studies have suggested
that this trophoblast layer is frequently breached during
pregnancy [44]. DC-SIGN+ cells were also detectable in
umbilical cord blood, suggesting that they may traffic
from the placenta into the foetus (E. J. Soilleux, un-
published work). In addition, DC-SIGNR is expressed at
high levels on the majority of placental blood vessels
(Figure 5). DC-SIGN and DC-SIGNR may facilitate the
transplacental transmission of HIV by one or more of the
following mechanisms. (1) Hofbauer cells either infected
with HIV or with virions adsorbed to their surface may
enter the umbilical vein and migrate into the foetus. (2)
Hofbauer cells, similarly either infected with HIV or
with virions adsorbed to their surface, may remain in situ
within chorionic villi, presenting antigen to and infecting
T-lymphocytes. The observation that T-lymphocytes are
inconspicuous within chorionic villi suggests that this
mechanism is less likely. (3) Hofbauer cells may become
infected with HIV [45–50] and may release infectious
viral particles, which may become adsorbed to DC-
SIGNR on immediately adjacent placental capillary

endothelium. The endothelium may, in turn, mediate
infection of HIV receptor-positive T-lymphocytes circu-
lating in the blood. Infected T-lymphocytes or Hofbauer
cells either productively infected with HIV or simply
with the virus adsorbed to their surface may then travel
between the placenta and the foetus in umbilical cord
blood.

WHAT’S IT ALL FOR ? BIOLOGICAL ROLES
OF DC-SIGN AND DC-SIGNR

Both DC-SIGN and DC-SIGNR can bind ICAM-3 and
are thus likely to be important in the early phase of T-
lymphocyte activation. The outcome of these interactions
still requires further investigation. However, several
common themes emerge. The Th2 cytokines IL-4 and IL-
13 are important in inducing DC-SIGN expression under
specific conditions, and DC-SIGN is expressed on DC2
DCs, as well as on immature DCs [29,36]. DC-SIGN is
closely linked to CD23, a molecule of great important in
the Th2 axis of immunity [14]. Neither immature (DC-
SIGN+) DCs nor (DC-SIGN+) DC2s are likely to induce
strong Th1 responses in T-lymphocytes, erring more
towards Th2 or tolerogenic responses [34]. DC-SIGNR
is expressed at sites known to present antigen to T-
lymphocytes, but likely to induce tolerance to these

# 2003 The Biochemical Society and the Medical Research Society



444 E. J. Soilleux

antigens [28]. Therefore, this novel lectin family may be
important in the induction of Th2 and}or immuno-
modulatory responses.

PATHOBIOLOGY OF DC-SIGN

As discussed above, both DC-SIGN and DC-SIGNR
can mediate efficient HIV infection in trans of cells
expressing appropriate entry receptors (Figure 1) [11].
Additionally, DC-SIGN can mediate a similar process in
cis (Figure 1) [13]. The presence of DC-SIGN at mucosal
surfaces suggests that it may be important early in the
chronology of HIV infection, perhaps potentiating viral
entry to deeper tissues [11]. The expression of DC-
SIGNR in liver and lymph nodes may potentiate the
infection of other cell types once HIV infection is more
established [28]. Both DC-SIGN and DC-SIGNR may
be important in facilitating intrauterine vertical trans-
mission of HIV. HIV is not the only infection in which
these molecules may play a role. Recent data demonstrate
the capacity of both DC-SIGN and DC-SIGNR to
mediate cellular entry of Ebola virus both in cis and in
trans [51]. Additionally, Leishmania amastigotes may use
DC-SIGN as an entry receptor [52].

DC-SIGN may also have an important immuno-
modulatory role in pathobiology. Our recent work has
demonstrated large numbers of DC-SIGN+ DCs in soft
tissue tumours [53]. These DC-SIGN+ cells may be
involved in the induction of tolerance to neo-antigens.
However, the very recent demonstration that DC-SIGN
may traffic from the DC surface to endosomal and
lysosomal compartments raises the possibility that DC-
SIGN may act as an endocytic receptor in a manner
analogous to many other C-type lectins [54,55]. The
crystallographic structure of DC-SIGN suggests that it
may bind more avidly to highly mannosylated self
proteins than to microbial antigens [19]. Therefore, DC-
SIGN could also be important for the endocytosis of
neoplasm-derived neo-antigens, facilitating their pres-
entation to T-lymphocytes.

DC-SIGN, DC-SIGNR AND THE FUTURE

Much remains to be clarified about the physiological and
pathophysiological roles of DC-SIGN and DC-SIGNR.
However, a number of potential therapeutic strategies
based on DC-SIGN can be envisaged. One very pertinent
question is how HIV remains DC-SIGN bound and
viable for such long periods. The ability of DC-SIGN to
enter endosomal and lysosomal compartments suggests

that the virus particles may risk degradation. However,
DCs possess a number of rapid recycling pathways
within the superficial part of their cytoplasm [56].
Furthermore, recent work has demonstrated that DC-
SIGN-bound HIV is rapidly internalized into a low pH
non-lysosomal compartment and that such internal-
ization is necessary for the virus to retain competence to
infect target cells [55]. One therapeutic strategy to
prevent the early stages of HIV infection via mucosal
surfaces would be to interrupt this pathway. Similar
mechanisms may help prevent the transplacental trans-
mission of HIV. However, any disruption of the physio-
logical functions of DC-SIGN may have deleterious
consequences. In particular, decidual macrophages,
which are also DC-SIGN+, may play a critical immuno-
modulatory role in preventing maternal immune
responses directed against the placenta, and disruption of
this function may lead to abortion.

Phenotypes of DC-SIGN+ DCs are becoming more
clearly defined. Where antigen presentation by DC-
SIGN+ DCs may have beneficial immuological conse-
quences, antigen delivery could be targeted via specific
anti-(DC-SIGN) antibodies. Additionally, where DC-
SIGN+ DCs are deemed phenotypically inappropriate,
molecules, such as cytokines or even cytotoxic agents,
might be targeted to DC-SIGN+ cells to modulate the
phenotype of the immune response. The potential for
future use of DC-SIGN as a molecular target is the result
of its relative specificity for DCs. There is, however, one
simpler and more immediate application, in both research
and histopathological diagnosis. This is the use of anti-
(DC-SIGN) antibodies for the identification of DCs.
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