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Hepatitis C virus (HCV) infects nearly 3% of the population of the
world and is a major cause of liver disease. However, the mecha-
nism whereby the virus targets the liver for infection remains
unknown, because none of the putative cellular receptors for HCV
are both expressed specifically in the liver and capable of binding
HCV envelope glycoproteins. Liver/lymph node-specific intercellu-
lar adhesion molecule-3-grabbing integrin (L-SIGN) is a calcium-
dependent lectin expressed on endothelial cells of liver and lymph
nodes. Dendritic cell-specific intercellular adhesion molecule-3-
grabbing nonintegrin (DC-SIGN), a homologous molecule ex-
pressed on dendritic cells, binds HIV and promotes infection. By
using a virus-binding assay, we demonstrate that L-SIGN and
DC-SIGN specifically bind naturally occurring HCV present in the
sera of infected individuals. Further studies demonstrate that
binding is mediated by the HCV envelope glycoprotein E2 and is
blocked by specific inhibitors, including mannan, calcium chelators,
and Abs to the lectin domain of the SIGN molecules. Thus, L-SIGN
represents a liver-specific receptor for HCV, and L-SIGN and DC-
SIGN may play important roles in HCV infection and immunity.

n estimated 170 million individuals worldwide are infected

with hepatitis Cvirus (HCV), an enveloped RNA virus that
often establishes chronic infection leading to liver cirrhosis and
hepatocellular carcinoma (1). The HCV genome encodes a
single polyprotein that is processed by viral and cellular pro-
teases into structural and nonstructural proteins (1). The HCV
structural proteins include the envelope glycoproteins E1 and
E2, which mediate viral binding and entry into host cells. E1 and
E2 form heterodimers and undergo extensive posttranslational
modification by N-linked glycans (1).

A fundamental riddle of HCV is how the virus targets the liver
for infection. The tissue and cellular tropisms of viruses are often
regulated by one or more host receptors that mediate distinct
functions such as viral attachment, internalization, fusion, and
trafficking (2, 3). CD81 and the low-density lipoprotein receptor
(LDL-R) have been identified as putative attachment and entry
receptors for HCV (4, 5). CDS81 binds the HCV envelope
glycoprotein E2 in vitro but its wide tissue distribution fails to
explain the tropism of HCV. Although the expression pattern of
LDL-R is consistent with HCV tropism, direct binding of the
envelope glycoproteins has not been demonstrated. Rather,
LDL-R binds and internalizes virus-like particles in complex
with LDL. Neither CD81 nor LDL-R has been shown to mediate
viral fusion and entry. Recently, a broadly expressed lipoprotein
binding receptor, human scavenger receptor class B type I, was
shown to bind to E2 protein in vitro, but binding to virus was not
demonstrated (6).

Dendritic cell (DC)-specific intercellular adhesion molecule-3
(ICAM-3)-grabbing nonintegrin (DC-SIGN; CD209) is a 44-
kDa type II integral membrane protein with a short amino-
terminal cytoplasmic domain and a carboxyl-terminal C-type
(calcium-dependent) lectin domain. A membrane-proximal ex-
tracellular heptad-repeat region promotes oligomerization of
DC-SIGN via a novel coiled-coil motif. DC-SIGN is expressed
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at high levels on myeloid-lineage DCs in tissues where it interacts
with ICAM-3 on T cells as part of the immunological synapse of T
cell activation (7). DC-SIGN functions as a specific attachment
factor for HIV and other lentiviruses, and binding is mediated by
the viral surface glycoprotein gp120 (7). DC-SIGN does not
mediate HIV entry directly but rather enhances infection of
susceptible target cells in trans (8). DCs may bind HIV via
DC-SIGN at a site of mucosal exposure and carry the virus to target
cells within the draining lymph node, thereby facilitating establish-
ment of infection (8). DC-SIGN also binds other pathogens,
including Ebola virus, cytomegalovirus, and Leishmania (9-11).

Liver/lymph node-specific ICAM-3-grabbing integrin (L-
SIGN) or DC-SIGN-related (CD209L) shares 77% amino acid
sequence identity with DC-SIGN and has functional similarity in
its interactions with ICAM-3 and HIV-1 (12, 13). L-SIGN is
abundantly expressed on endothelial cells of liver and lymph
nodes but not on DCs (12, 13).

Here we report that HCV particles bind specifically to L-SIGN
and DC-SIGN and that this interaction is mediated by the viral
glycoprotein HCV-E2, the functional equivalent of HIV gp120
that similarly contains abundant high-mannose-type oligosac-
charides. Thus, L-SIGN and DC-SIGN function as capture
receptors for HCV and may play critical roles in viral patho-
genesis and tissue tropism.

Methods

Abs and Recombinant Proteins. Conformation-specific anti-E2 mAbs
H31, H33, H44, H48, H50, H52, H53, H54, H60, and H61 were
generously provided by J. Dubuisson (Institut Pasteur de Lille, Lille,
France) (14, 15). mAb 4F6/2 (Austral Biological) reacts with a
linear epitope in E2. mAbs to the lectin-binding domain of DC-
SIGN (mAb 507D) and L-SIGN (mAb 604L) or both lectins (mAb
612X) were obtained from R & D Systems. mAbs DC6 and DC28
(AIDS Research and Reference Reagent Program, Rockville, MD)
recognize the repeat regions of DC-SIGN (DC6) or DC-SIGN and
L-SIGN (DC28). Control isotype-matched murine IgG (mlIgG;
Caltag, South San Francisco, CA) was used to establish background
levels of binding. Recombinant E2 protein (Accurate Chemicals)
was expressed in secreted form in Chinese hamster ovary cells and
encompassed amino acids 384—665 of the HCV polyprotein. Re-
combinant ICAM-2 and ICAM-3 were used as soluble Fc fusion
proteins (R & D Systems).

Plasmids and Cell Lines. Plasmids pcDNA3-DC-SIGN and
pcDNA3-DC-SIGN-related (AIDS Research and Reference
Reagent Program) were transfected into HeLa cells by using
Effectene (Qiagen, Valencia, CA). Cells were treated with
standard growth media comprising DMEM with 10% heat-
inactivated FBS (HyClone), penicillin/streptomycin (Life Tech-
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nologies, Carlsbad, CA), and L-glutamine (Life Technologies)
supplemented with 600 pg/ml Geneticin (Life Technologies).
After 2 weeks, surviving colonies were selected, expanded, and
screened for expression by flow cytometry. High expressors were
cloned and passaged in growth media with Geneticin (600

ug/ml).

Fluorescence-Activated Cell Sorter (FACS) Analysis of DC-SIGN and
L-SIGN Expression. Cell-surface expression of DC-SIGN and L-
SIGN on transfected cell lines was measured by using flow
cytometry. Cells were harvested with cell dissociation solution
(Sigma), and FACS analysis was performed as described (16).

HCV-E2 Binding Assay. The assay is a modification of that described
for gp120 binding (8). Briefly, HeLa cells were removed from
culture as described previously and washed three times in
adherence buffer [AB; 20 mM TrissHCI (pH 8.0)/150 mM
NaCl/1 mM CaCl,/2 mM MgCl,/0.5% BSA]. Cells (5 X 10°)
were preincubated with mannan (20 pg/ml; Sigma), Abs (20
pg/ml), EDTA (5 mM), or EGTA (5 mM) for 10 min at room
temperature. HCV-E2-coated fluorescent beads were prepared
with the indicated anti-E2 capture mAb and added to cells (20
beads per cell) for 30 min at 37°C. Binding was determined by
flow cytometry.

Virus Binding Assay. Virus-cell binding. HeLa cell lines were cultured
overnight in DMEM containing 10% FBS in a 96-well plate at
1 X 10* cells per well. Cells were blocked with AB containing
10% heat-inactivated goat serum for 20 min at 37°C. Cells were
washed once with AB, and mannan (20 ug/ml) was added for 15
min in AB at room temperature. After washing, sera (10-20 ul)
from HCV RNA™ (virus-positive) or HCV RNA — serum (virus-
negative) donors (all HI'V sero-negative) were diluted in AB and
allowed to bind to cells for 1 h at 37°C with gentle agitation every
15 min, after which cells were washed five times with AB.

RNA extraction. Viral RNA was extracted from cells by using a
QIAmp Viral RNA Mini Spin kit (Qiagen) with modifications.
Briefly, RNA was extracted with lysis buffer followed by binding
to spin columns, and DNA was removed by treatment with
RNase-free DNase (Qiagen). RNA was washed and eluted in
elution buffer.

Southern blot. HCV RNA was amplified by RT-PCR as described
(17) with modifications. Primer KY78 (5'-CTCGCAAGCAC-
CCTATCAGGCAGT-3’, 0.5 nmol; nucleotides 276-299) was
combined with 0.5 ul of extracted RNA in a final volume of 6 ul
and preheated followed by addition of cDNA synthesis buffer, 10
mM DTT, 5 mM dNTPs, and 7.5 units of ThermoScript (In-
vitrogen), incubated at 58°C for 50 min then 85°C for 5 min
before cooling to 4°C. From this RT reaction, 5 ul was used as
the template for PCR in a 50-ul reaction containing 1X High-
Fidelity PCR buffer, 2 mM MgSO,4, 2 mM dNTPs, 50-pmol
primers KY80 (5'-GCAGAAAGCGTCTAGCCATGGCGT-3';
nucleotides 56-79) and KY78, and 1.25 units Platinum 7Tagq
high-fidelity DNA polymerase (Invitrogen). The amplification
product was resolved on a 1% agarose gel and blotted onto a
nitrocellulose membrane (Bio-Rad).

For detection, the blot was incubated for 4 h at 63°C in
prehybridization solution {5X Denhardt’s [0.2% (wt/vol) fatty-
acid-free BSA (JRH Biosciences, Lenexa, KS)/0.2% (wt/vol)
polyvinylpyrrolidonpolyvinyl (Sigma)/0.2% (wt/vol) Ficoll-400
(Sigma)]; 6 SSC (0.9 M NaCl/90 mM sodium citrate, pH 7.4),
0.5% (wt/vol) SDS (Promega), and 0.1 mg/ml herring sperm
DNA (Invitrogen)}. After incubation, 1 pmol/ml primer RID-6
(5’ biotin-GGAGAGCCATAGTGGTCTGCGGAA C-3'; nu-
cleotides 120-144) or KY88 (5’ biotin-GTTGGGTCGC-
GAAAGGCCTTGTGGT-3'; nucleotides 251-275) was added
to the prehybridization solution and incubated overnight at 63°C.
After extensive high-stringency washing, the blot was incubated
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Fig. 1.  Cell-surface expression of L-SIGN and DC-SIGN in stably transfected
Hela cell lines. Flow cytometry was performed by using the cross-reactive mAb
612X (line), which binds to both transfected cell lines, the L-SIGN-specific mAb
614L (dotted line), and DC-SIGN-specific mAb 507D (dashed line), which bind
only to the HeLa-L-SIGN or HeLa-DC-SIGN transfectants, respectively. Binding
of an isotype-matched control mAb is indicated by filled histogram, and one
representative result out of three independent analyses is shown.

with streptavidin-horseradish peroxidase (Pierce), washed, and
developed by using Western Lightening Plus (NEN/Perkin—
Elmer). An HCV RNA" signal is exemplified by a specific band
of 243 bp.

Real-time PCR. HCV Quantasure Plus assay was used at LabCorp
(Research Triangle Park, NC) and has been demonstrated to be
sensitive, specific to HCV, and has a linear dynamic range of
10-100,000,000 units/ml in comparative studies to 228 Roche
COBAS Amplicor assay.® Briefly, a 4-ul aliquot of extracted
RNA was added to a one-step RT-PCR reaction mixture con-
taining sense and antisense primers specific for HCV and a
TagqMan probe (proprietary sequences; LabCorp). The cycle at
which the amplification plot crossed the threshold was defined as
the threshold cycle (Cr) and was predictive of the number of
HCV RNA copies in the sample. A standard curve was calcu-
lated for quantification by using serial 10-fold dilutions of a
reference HCV (RNA™) sample.

Results

HCV-E2 Binding to L-SIGN and DC-SIGN. We first generated HeLa
cells that stably express L-SIGN and DC-SIGN at the cell
surface, as determined by flow cytometry using a panel of mAbs
(Fig. 1). Because these mAbs recognize conformational epitopes
(18, 19), their binding indicates that L-SIGN and DC-SIGN are
expressed in native form on the HeLa transfectants.

STurnmire, C., 18th Annual Clinical Virology Symposium, April 30, 2002, Clearwater
Beach, FL.
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Fig.2. L-SIGNand DC-SIGN transfectants bind HCV-E2. L-SIGN (Top), DC-SIGN

(Middle), and control HeLa cells (Bottom) were incubated with HCV-E2-coated
beads prepared by using a panel of anti-E2 mAbs. Adhesion was quantified by
fluorescence-activated cell sorter analysis in the presence of adherence buffer
(filled bars) and was blocked by mannan (open bars). Different anti-E2 mAbs
are indicated on the x axis, and the y axis represents the percentage of cells
that have bound beads. One representative experiment out of three is shown.

To investigate the binding of HCV-E2 to L-SIGN and DC-
SIGN, we used a flow cytometric adhesion assay similar to that
described for HIV-1 gp120 (8). Purified HCV-E2 protein was
captured on fluorescent beads by using a panel of anti-E2 and
control mAbs. The E2-coated beads bound efficiently to HeLa
transfectants but not to parental HeLa (Fig. 2). Background
levels of binding were observed for E2 and an isotype-matched
mADb of irrelevant specificity and for anti-E2 mAb in the absence
of E2 (data not shown). Binding levels depended on the anti-E2
mADb used for coating the beads (Fig. 2), a finding that could
reflect differences in E2 capture efficiency of the mAbs or in
their masking/presentation of the epitopes recognized by L-
SIGN and DC-SIGN. L-SIGN and DC-SIGN showed similar
patterns of reactivity for the various E2-mAb combinations.

E2 binding to both SIGN molecules was efficiently inhibited
by mannan (Fig. 2), which binds to the lectin domain of L-SIGN
and DC-SIGN. Binding was also abrogated by EDTA and EGTA
(data not shown), which are chelators for the calcium ions
required for the structural integrity and carbohydrate-binding
properties of the C-type lectins.

We also tested a panel of anti-L-SIGN and anti-DC-SIGN
mAbs for their effect on E2 binding (Fig. 3). mAbs to the lectin
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Fig.3. Effect of mAbs or soluble ICAMs on adhesion of HCV-E2 to L-SIGN or
DC-SIGN. HeLa cells expressing L-SIGN (filled bars) or DC-SIGN (open bars) were
incubated with individual mAbs that bind the repeat region (DC6 and DC28)
or the lectin-binding domain (612X, 604L, and 507D) or soluble ICAM-Fc
conjugates as described. Binding of E2 beads was quantified by fluorescence
with a FACScan machine, and results were normalized to isotype control
(mlgG) levels. One representative data set from three experiments is shown.

domain of the SIGN molecules mediated similar levels of
inhibition compared with mannan, whereas mAbs to the
membrane-proximal heptad-repeat region were less effective.
The patterns of inhibition of E2 binding by these mAbs largely
parallel those observed for inhibition of HI'V gp120 binding (16).

Soluble ICAM-2 and ICAM-3 Fc fusion proteins had little
effect on E2 binding to either SIGN molecule (Fig. 3). Studies
have suggested differences in the recognition of gp120 and
ICAM-3 by DC-SIGN (19, 20), and a similar situation may apply
to HCV. Similarly, anti-E2 mAbs did not inhibit binding of E2
beads to either SIGN molecule (data not shown). This finding is
consistent with lectin recognition of glycans distributed over the
surface of E2, and the attendant difficulty of blocking such
interactions with monospecific agents. Similarly, gp120 binding
to DC-SIGN is not blocked either by anti-gp120 mAbs or
by mutation of individual N-linked glycosylation sites on
gp120 (21).

HCV Virus Binding to L-SIGN and DC-SIGN. We next compared the
SIGN molecules for their abilities to bind HCV virions. In the
absence of a method for culturing HCV in vitro, we developed an
assay to measure the interaction of the SIGN molecules with
HCV virions present in the sera of infected individuals. There
are no prior reports on the binding of naturally occurring viruses
to either L-SIGN or DC-SIGN.

In our virus-binding assay, HCV-RNA positive or -negative
sera were combined for 1 h with HeLa cells expressing L-SIGN,
DC-SIGN, or neither receptor. After removal of unbound virus
and RNA extraction, HCV genomes were detected by real-time
PCR (TagMan) or by RT-PCR followed by qualitative Southern
blot.

L-SIGN transfectants specifically bound three of three HCV-
positive sera as determined by TagMan analysis, whereas DC-
SIGN mediated specific binding for one of three sera. The levels
of virus binding to L-SIGN ranged from 4- to 7-fold greater than
the background levels observed for parental HeLa (Fig. 4 4 and
B). HCV binding to L-SIGN was abrogated by >90% after
mannan treatment (Fig. 4 C and D). Overall, there was a good
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Fig. 4. L-SIGN and DC-SIGN bind to HCV virions from infected patients.

Hela transfectants or control cells were incubated with sera from
three HCV RNA™ patients. HCV sera RNA titers (copies per ml) were no. 1,
850,000; no. 2, 242,000; and no. 3, 161,000 by COBAS MONITOR assay
(Roche Molecular Systems). After washing, cells were lysed and RNA was
extracted. HCV RNA was measured by a qualitative RT-PCR and Southern
blot assay (A) or by a quantitative real-time PCR assay (B). Data are
presented as fold increase above Hela control cell binding for each
matched sera, and absolute values (units/ml) are depicted for each sample.
Binding to L-SIGN was inhibited by mannan. The cells were preincubated
with mannan before addition of serum 2 as described previously. Bound
HCV RNA was extracted and analyzed either by Southern blot (C) or
quantitative real-time PCR (D).
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Fig. 5. Inhibition of HCV virion binding to L-SIGN and DC-SIGN by mannan.
Cells were incubated with sera from three HCV RNA+ patients as described in
Fig. 4. HCV sera RNA titers (copies per ml) were no. 4, 2.15 million; no. 5, 1.86
million; and no. 6, 1.16 million. Each serum was incubated with cells that had
been pretreated with adherence buffer (filled bars) or mannan (open bars),
and bound RNA was analyzed by real-time PCR as described. Fold increases
above Hela cell binding are indicated in the graph, and absolute levels
(units/ml) are depicted (Inset).

DC-9CN

concordance in results obtained in the hybridization and Taq-
Man assays, although the latter was more quantitative and
sensitive to detect the low levels of binding (Fig. 4).

During natural infection, HCV serum titers show significant
interpatient variation (1). To investigate further the breadth and
robustness of HCV binding to L-SIGN and DC-SIGN, we
repeated the assay by using sera from patients with higher viral
loads. For these, both L- and DC-SIGN mediated specific,
mannan-inhibitable binding for three of three sera (Fig. 5), with
the highest-titered sera exhibiting 129- and 58-fold enhanced
binding to L-SIGN and DC-SIGN cells, respectively. Only
background signals were observed for HCV-negative sera. In
toto, L-SIGN specifically bound HCV for six of six donor sera
independent of viral load, whereas DC-SIGN mediated binding
in four of six cases with a bias toward high-titered sera.

In addition, mAbs to the lectin domains of the SIGN mole-
cules inhibited virus binding to L-SIGN and DC-SIGN by 78%
and 91%, respectively. In contrast, mAbs to E2 had no effect on
virus binding (data not shown). The effects of mannan, anti-
SIGN mAbs, and anti-E2 mAbs on native virion binding to
SIGNs were concordant with those observed for purified E2
protein, and thus support the notion that E2 plays a major role
in mediating HCV binding to the SIGN molecules.

Discussion

Our findings demonstrate that HCV interacts specifically with
L-SIGN and DC-SIGN, and that this interaction is mediated at
least in part by E2. Binding was blocked by relevant inhibitors,
including mannan, calcium chelators, and mAbs to L-SIGN and
DC-SIGN. Intriguingly, L-SIGN was somewhat more efficient
than DC-SIGN at capturing virions at low viral loads.

The interactions of HCV with L-SIGN and DC-SIGN in liver and
lymph nodes may have important consequences for the virus life
cycle. L-SIGN is expressed on liver sinusoidal endothelial cells
(LSECs), which form the vessels that separate hepatic blood flow
from hepatocytes. LSECs provide a diffusional barrier to viruses
but also mediate transcytosis in a receptor-driven process (22). In
addition to regulating transport, LSECs are nonmyeloid profes-
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sional antigen-presenting cells that may contribute to hepatic
immune surveillance in association with resident macrophages that
adhere to the LSEC (23). Although LSECs and DCs use similar
mechanisms for cross-presentation of antigens to CD8* T cells,
LSEC presentation results in tolerance rather than immunity (24).

Studies with another hepatotropic virus, hepatitis B virus
(HBV), indicate that the surveillance functions of LSEC can be
subverted by pathogens. Receptor-mediated transcytosis of
HBYV results in efficient delivery of virus from the circulation to
the target cell population (23, 25) but the identity of the
transcytosing receptor has not been determined. If operative in
the setting of natural infection, this process could facilitate the
establishment of initial as well as chronic infection. By analogy
with the ability of DC-SIGN to facilitate HI'V-1 infection in
trans, it also is possible that L-SIGN promotes infection of
adjacent hepatocytes after transcytosis of virus.

The patterns of HCV binding and inhibition suggest that the
interaction is mediated by high-mannose glycans on HCV and
E2. That is, binding was competitively inhibited by mannan and
by mAbs to the lectin domain of the SIGN molecules. E1 and
other molecules on the native virion envelope may contribute to
binding but the absence of specific reagents precluded analysis
in this study. Binding also was abrogated by chelators of the
calcium ions that are required by these C-type lectins. However,
binding was not inhibited by mAbs to other regions of the SIGN
molecules or by anti-E2 mAbs, at least when used individually.
Similar patterns of inhibition have been observed for HIV-1
gp120, whose binding to DC-SIGN has recently been shown to
be mediated by high-mannose sugars (21). There are potential
conformational differences between the purified glycoproteins
(E2 or gp120) and the virion-associated oligomers to consider;
however, the glycan-dependence of HIV and HCV binding to
L-SIGN and DC-SIGN may cause the interactions to be less
dependent on protein conformation.

Although HCV and HIV-1 interact with the SIGN molecules
in qualitatively similar manners, important differences in the
viral life cycles might subtly influence these interactions.
Whereas HCV envelope proteins and budding virus are gener-
ally thought to localize to the ER and/or cis-Golgi compart-
ments (26), HI'V-1 particles assemble and bud at the cell surface
(27). Thus, unlike HIV-1 gp120, virion-associated E2 is unlikely
to encounter the full N-linked protein glycosylation processing
pathway, which initiates with the transfer of presynthesized
Glu-3ManyGIcNAc, from dolichylidphosphate to the canonical
N-linked glycosylation sites of the newly synthesized peptide.
The terminal glucose residues are removed in the endoplasmic
reticulum before transfer of the protein to the cis-Golgi, where
the high-mannose residues are trimmed by a-mannosidases.
Further trimming of mannose residues and the addition of
complex glycans occurs in the medial- and trans-Golgi (28). The
net result would be a decreased percentage of high-mannose
structures on HIV-1 compared with HCV. This differential
processing of the viral envelope glycans may influence their
interactions with L-SIGN and/or DC-SIGN, whose selective
recognition of model oligosaccharides has been mapped to
specific amino acid differences within their lectin domains
(29, 30).

It will be important to determine the molecular events that
ensue after HCV binding to L-SIGN and DC-SIGN. Although
model ligands are routed to late endosomes/lysosomes for
degradation after DC-SIGN binding (31), DC-SIGN-bound
HIV retains infectivity for prolonged periods (8). Remarkably,
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internalization is crucial for enhancement of infectivity, whereas
simple tethering of virus is insufficient (32). The ability of
DC-SIGN to chaperone endocytosed virus past the lysosomal
pathway may be central to its function as a capture receptor for
HIV, and similar principles may apply to HCV. Clearly, a
scavenging receptor that targets virus for degradation would
promote clearance rather than infection. Such considerations
may cause receptors of similar binding specificities to have
divergent effects on viral infectivity.

Immune system disorders such as cryoglobulinemia are the
chief extrahepatic complications of HCV infection (33), and the
interaction of E2 with CD81 on B cells has been posited to be
a contributing factor (34). HCV transcripts have been observed
at low levels in DCs and other lymphoid cells (35, 36) but these
do not seem to represent significant reservoirs of HCV. How-
ever, L-SIGN and DC-SIGN interactions may contribute to
immune dysregulation, including the impaired DC function
observed in chronic HCV infection (37-39). Migratory DCs may
also mediate trafficking of HCV to liver and other sites, and virus
binding to DC-SIGN or L-SIGN may modulate HCV immunity
to promote maintenance of chronic infection.

The events and receptors involved in HCV entry remain
obscure, and progress has been hampered by the lack of a reliable
means of culturing HCV in vitro. Although DC-SIGN is not a
requisite receptor for HIV fusion, DC-SIGN expression in-
creases the susceptibility of cells to HIV by reducing the
threshold level of fusion receptor expression, thereby rendering
otherwise impermissive cells susceptible to HIV infection (40).
Similarly, DC-SIGN and L-SIGN confer permissivity to cells
that are otherwise refractory to infection by Ebola and cyto-
megalovirus pseudoviruses (9, 11).

L-SIGN is unlikely to be the sole determinant of HCV liver
tropism, because the receptor is also expressed in lymph nodes
and is not expressed on hepatocytes. Thus, additional liver-
specific factors are likely to play a critical role in HCV infection.
Alternatively, HCV bound to L-SIGN may undergo differential
processing in liver and lymph nodes. Coexpression of L-SIGN
and DC-SIGN in term placenta may also contribute to vertical
transmission of HCV (1).

HCV is one of a growing number of human pathogens shown to
interact with L-SIGN and/or DC-SIGN. However, the specificity of
these interactions is underscored by the observation that several
viruses have envelopes that are glycosylated yet show little or no
avidity for DC-SIGN and L-SIGN (11, 21). The findings in this
report indicate that HCV has coopted host glycosylation pathways
in ways that promote binding to L-SIGN and DC-SIGN.

In conclusion, we have demonstrated that HCV interacts spe-
cifically with L-SIGN and DC-SIGN, and this interaction is medi-
ated, at least in part, by the viral envelope glycoprotein E2. L-SIGN
thus represents a liver-specific receptor that avidly binds HCV
envelope. These findings raise the hypothesis that interaction of
HCV with these molecules in liver and lymph nodes may have
important consequences for HCV infection and immunity.

Note Added in Proof. While this article was in press, two groups
confirmed the interaction between the SIGN molecules and E2 in studies
limited to recombinant forms of the HCV glycoproteins (41, 42).
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