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Target cell tropism of enveloped viruses is regulated by interac-
tions between viral and cellular factors during transmission, dis-
semination, and replication within the host. Binding of viral en-
velope glycoproteins to specific cell-surface receptors determines
susceptibility to viral entry. However, a number of cell-surface
molecules bind viral envelope glycoproteins without mediating
entry. Instead, they serve as capture receptors that disseminate
viral particles to target organs or susceptible cells. We and others
recently demonstrated that the C type lectins L-SIGN and DC-SIGN
capture hepatitis C virus (HCV) by specific binding to envelope
glycoprotein E2. In this study, we use an entry assay to demon-
strate that HCV pseudoviruses captured by L-SIGN� or DC-SIGN�

cells efficiently transinfect adjacent human liver cells. Virus capture
and transinfection require internalization of the SIGN–HCV
pseudovirus complex. In vivo, L-SIGN is largely expressed on
endothelial cells in liver sinusoids, whereas DC-SIGN is expressed
on dendritic cells. Capture of circulating HCV particles by these
SIGN� cells may facilitate virus infection of proximal hepatocytes
and lymphocyte subpopulations and may be essential for the
establishment of persistent infection.

Hepatitis C virus (HCV) is the etiologic agent of non-A non-B
hepatitis in humans (1, 2). Only �15% of infected individ-

uals clear the virus, and �170 million people worldwide are
persistently infected with HCV (3, 4). These individuals may
remain asymptomatic or may develop chronic hepatitis or cir-
rhosis, the latter often leading to hepatocellular carcinoma (5).
Hepatocytes are the primary target cells for HCV infection
(6–8). Virus-like particles have been visualized in liver biopsies
of HCV� individuals (9–11), and in vitro infection, albeit
inefficient, of primary hepatocytes and hepatoma cells has been
documented (12–14). The existence of extrahepatic reservoirs of
HCV is suggested by the detection of viral RNA in serum and
peripheral blood mononuclear cells of HCV� individuals (15–
17). Both B and T lymphocytes appear to be infected in vivo,
which is supported by in vitro infection of B and T cell lines (7,
8, 18). One study, however, shows that replicating forms of HCV
RNA are restricted to hepatocytes, whereas only nonreplicating
forms are present in B lymphocytes, and none are in T lympho-
cytes (6).

HCV envelope glycoproteins E1 and E2 mediate entry into
target cells. We and others recently demonstrated that un-
modified E1E2 heterodimers reach the cell surface and are
incorporated into retroviral pseudoparticles, which can infect
primary hepatocytes and some hepatoma cell lines (19–22).
Use of the soluble E2 ectodomain as a surrogate model for
studying HCV interactions with cell-surface molecules has
identified several potential HCV entry receptors, including
CD81, scavenger receptor class B type 1, low-density lipopro-
tein receptor, and glycosaminoglycans (22–24). Several groups,
including ours, have shown that CD81 is necessary but not
sufficient for HCV pseudovirus entry into target cells (19, 25,
26). Furthermore, we recently demonstrated that CD81 func-
tions as a postattachment entry coreceptor (26). Cellular

factors that act in concert with CD81 to mediate HCV binding
and entry remain to be identified.

Engagement of specific receptors is required for viral fusion
and entry, but adsorption of viral particles to the cell surface can
occur through envelope glycoprotein interactions with other
molecules (27–33). The C type lectins, DC-SIGN (dendritic
cell-specific intercellular adhesion molecule-3-grabbing nonin-
tegrin; CD209) and L-SIGN (DC-SIGNR; liver and lymph
node-specific; CD209L), function as capture receptors for sev-
eral viruses, including HIV type 1 (HIV-1) (34), Ebola virus
(35), cytomegalovirus (36), and dengue virus (37). Both L-SIGN
and DC-SIGN have an extracellular C-terminal region that
contains a calcium-dependent carbohydrate recognition domain
(CRD) and a membrane-proximal heptad-repeat region impor-
tant for oligomerization (38–41). Capture of viral particles is
mediated by the CRD and promotes infection of target cells both
in cis and in trans (34, 35, 42, 43). DC-SIGN also recognizes
intercellular adhesion molecules 2 and 3, which function as
cell-adhesion receptors that regulate transendothelial migration
of dendritic cells (DC) from blood to tissues as well as DC–T cell
interactions.

We and others have recently demonstrated that recombinant
soluble E2, patient-derived HCV virions, and retroviruses
pseudotyped with HCV envelope glycoproteins specifically bind
to L-SIGN and DC-SIGN (44–46). HCV capture by SIGN
molecules depends on the presence of the CRD, indicating that
recognition of high mannose oligosaccharides in the viral enve-
lope glycoproteins is critical for binding. The specificity of this
interaction is underscored by observations that (i) other C type
lectins, such as langerin, CD23, and CLEC-1�2, do not bind
HCV E2 (45, 46); (ii) glycosylated envelope proteins of several
viruses show little or no avidity for SIGN molecules (36, 47); and
(iii) anti-L-SIGN and anti-DC-SIGN mAbs as well as mannan
inhibit soluble E2 and HCV capture.

In this study, we used an HCV entry assay to demonstrate that
capture of viral particles by L-SIGN� and DC-SIGN� cells
promotes transinfection of human liver cells. Transinfection is
specifically blocked by mannan and antibodies recognizing CRD
of SIGN receptors. Similarly, we show that primary human DC
mediate transinfection of target cells by a DC-SIGN-dependent
mechanism that requires internalization of the receptor–
pseudovirus complex. Our results suggest that HCV capture by
SIGN molecules plays an important role in viral dissemination
to host target organs. In particular, L-SIGN� liver sinusoidal
epithelial cells (LSEC) may facilitate infection of hepatocytes,
whereas DC-SIGN� DC may transmit HCV to hepatocytes as
well as subpopulations of B and�or T lymphocytes.

Materials and Methods
Plasmids, Antibodies, and Inhibitors. Construct pcDNA3.1-�C-
E1-E2 was used to express HCV envelope glycoproteins. Se-

Abbreviations: HCV, hepatitis C virus; HIV-1, HIV type 1; CRD, carbohydrate recognition
domain; DC, dendritic cells; LSEC, liver sinusoidal epithelial cells.
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quences encoding the full-length E1 and E2 (amino acids
132–746), starting with the last 60 amino acids of the capsid (�C),
were PCR amplified from p90�HCV FL-long pU comprising the
genome of infectious HCV isolate H77 (48) and subcloned into
pcDNA3.1 (Invitrogen). Putative splice acceptor sites were
modified by conservative mutagenesis, as described (21).

mAbs 507D, 604L, and 612X recognizing the CRD of DC-SIGN,
L-SIGN, or both lectins, respectively, were purchased from R & D
Systems. Anti-HCV E2 mAb 091b-5 was purchased from Austral
Biological. Anti-CD81 mAb JS-81 was obtained from Pharmingen.
Chloroquine and mannan were purchased from Sigma.

Cell Lines. Unless otherwise specified, cells were purchased from
the American Type Culture Collection and grown in DMEM
supplemented with 10% fetal bovine serum�1% penicillin/
streptomycin�2 mM glutamine. HeLa cells stably expressing
L-SIGN or DC-SIGN were generated as described (44) and
maintained in DMEM supplemented with 600 �g�ml G418 (Life
Technologies, Grand Island, NY). Primary human immature DC
were differentiated from peripheral blood mononuclear cells
with 1,000 units�ml granulocyte-macrophage colony-stimulating
factor (R & D Systems) and 1,000 units�ml IL-4 (R & D Systems)
in culture medium for 5 days, as described (49).

Viral Production and Transinfection. Standard calcium phosphate
precipitation was used to transfect 293T cells (1.5 � 106) with
NLluc�env-reporter vector (50) and pcDNA3.1-�C-E1-E2 in a
1:3 ratio. NLluc�env- encodes an HIV-1NL4.3 envelope-deficient
genome expressing luc instead of nef. Cell culture supernatants,
containing HIV-1 particles pseudotyped with HCV E1E2 enve-
lope glycoproteins, were collected 48 h posttransfection and
cleared of cellular debris by low-speed centrifugation.

Parental HeLa cells or L-SIGN� or DC-SIGN� transfectants
(2 � 104) were incubated with 200 �l of viral supernatant for 2 h
at 37°C. Alternatively, primary DC (105) were incubated under
similar conditions, at 37°C or at 4°C, with 1 ml of viral super-
natant. For inhibition experiments, cells were incubated with
mAbs (10 �g�ml), sera from HCV� or HCV� individuals
(1:100), chloroquine (50 �M), or mannan (20 �g�ml) for 30 min
at 37°C before addition of viral supernatants. Alternatively,
anti-CD81 mAb JS-81 was added to cells after virus capture by
DC. After washing three times with serum-free medium to
remove unbound virus, cells were cocultured with Huh-7 target
cells (4 � 104) for an additional 48 h at 37°C. Luciferase activity
[relative light units (R.L.U.)] was measured in cell lysates by
using the Luciferase Assay System (Promega) according to the
manufacturer’s instructions.

Virus-Binding Assay. Binding of HCV pseudoviruses to HeLa cells
expressing L-SIGN or DC-SIGN or to DC was performed as
described by Gardner et al. (44). Briefly, adherent target cells
(104) were washed in buffer (20 mM Tris�HCL, pH 8.0�150 mM
NaCl�1 mM CaCl2�2 mM MgCl2�0.5% BSA) and incubated
with an equal volume of viral supernatant for 1 h at 37°C with
gentle agitation every 15 min. Alternatively, cells were incubated
with anti-L�DC-SIGN mAb 612X (10 �g�ml) or mannan (20
�g�ml) for 30 min at room temperature before addition of viral
supernatants. After washing five times with adherence buffer to
remove unbound virus, cells were lysed according to the man-
ufacturer’s instructions for the preparation of viral RNA (Qia-
gen, Valencia, CA). Cell lysates were analyzed for HIV RNA
content with the HIV Ultrasensitive Amplicor Assay (LabCorp,
Burlington, NC) or p24 content by using the Coulter HIV-1 p24
antigen assay (Beckman Coulter).

E2-Binding Assay. Binding of soluble E2 was performed as de-
scribed (44). Briefly, primary DC (5 � 105) were preincubated
with mannan (20 �g�ml) or mAbs (10 �g�ml) for 10 min at room

temperature. E2-coated fluorescent beads were prepared with
the anti-E2 091b-5 capture mAb and added to cells (20 beads per
cell) for 30 min at 37°C. Binding was quantified by flow
cytometry.

Results
Binding of HCV Pseudoviruses to DC-SIGN� and L-SIGN� Cells. HeLa
cells were modified to stably express similar levels of cell-surface
L-SIGN or DC-SIGN and were shown to specifically capture
soluble E2 envelope glycoprotein and HCV virions from sera of
infected individuals (44). In this study, we first confirmed the
ability of L-SIGN� and DC-SIGN� HeLa cells to capture
HIV-1 particles pseudotyped with HCV envelope glycoproteins
E1E2 (referred to as HCV pseudoviruses from here on in the
text). Cells were incubated with pseudovirus-containing super-
natants, washed extensively, and the amount of cell-associated
particles was determined by quantification of HIV-1 Gag protein
(p24) in cell lysates. Significantly higher p24 values were found
in lysates of L-SIGN� and DC-SIGN� cells, compared with
parental HeLa (Table 1 and data not shown). Preincubation of
cells with an anti-L�DC-SIGN mAb (10 �g�ml) recognizing
CRDs of both lectins decreased L-SIGN� and DC-SIGN�
HeLa cell-associated p24 by 59% and 30%, respectively, com-
pared with control mouse IgG (10 �g�ml) (Table 1). Similarly,
mannan (20 �g�ml), which specifically interacts with lectin
CRDs, decreased cell-associated p24 by 84% and 73% (Table 1).
Comparable results were obtained when HCV pseudovirus
binding to HeLa cells and SIGN� derivatives was quantified
with the Amplicor HIV-1 Monitor test (Roche), which detects
HIV-1 genomic RNA (data not shown). Taken together, these
results indicate that L-SIGN and DC-SIGN molecules capture
HCV pseudoviruses through specific interactions between en-
velope glycoprotein-associated carbohydrates and lectin CRDs.

SIGN-Mediated Transinfection of Huh-7 Hepatoma Cells with HCV
Pseudoviruses. HCV pseudoviruses comprise an HIV-1 core and
genome, which is envelope glycoprotein-deficient and expresses
the luc reporter gene. HCV E1E2-mediated entry of these viral
particles into primary human hepatocytes and certain hepatoma
cells is inhibited by sera from HCV� individuals as well as an
anti-CD81 mAb and certain anti-E2 mAbs (19, 20, 26). This
system therefore authentically reproduces the early steps of
HCV replication, and we used it to investigate the ability of
HeLa cells expressing L-SIGN or DC-SIGN to transfer captured
HCV pseudoviruses to entry-permissive human liver (hepa-
toma) cells. HeLa cells as well as SIGN� transfectants are
resistant to E1E2-mediated entry, because infection with HCV
pseudoviruses resulted only in background levels of luciferase

Table 1. HCV pseudovirus binding to SIGN� HeLa cells

L-SIGN DC-SIGN

p24, pg�ml Inhibition, % p24, pg�ml Inhibition, %

IgG control 121 0 � 5 160 0 � 4
mAb 612X 43 59 � 8 109 30 � 11
Mannan 23 84 � 13 49 73 � 6

L-SIGN�, DC-SIGN�, or parental HeLa cells were incubated with a nonspe-
cific murine IgG (10 �g�ml), anti-L�DC-SIGN mAb 612X (10 �g�ml), or mannan
(20 �g�ml), followed by incubation with HCV pseudovirus-containing super-
natants. Cell-associated p24 (pg�ml) was measured by using a Coulter HIV-1
p24 antigen assay and corrected for background binding to parental HeLa
cells. Percentages of binding inhibition were calculated and adjusted for
background by using the formula 100-[(p24 with inhibitors � p24 HeLa with
IgG)�(p24 without inhibitor � p24 HeLa with IgG) � 100]%. Negative values
are represented as 0 for ease of interpretation. One representative experi-
ment of three independent experiments is shown. The percentages of binding
inhibition are means of three independent experiments � SD.
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activity (Fig. 1A). Huh-7 hepatoma cells, however, are highly
permissive to HCV pseudovirus entry, with luciferase activities
typically in the 105–106 relative light unit (R.L.U.) range (Fig.
1A). Preincubation of L-SIGN� or DC-SIGN� HeLa with HCV
pseudovirus supernatants, followed by removal of unbound
particles and coculture with Huh-7 hepatoma cells, resulted in
significant transinfection of these cells. Luciferase activities were
typically in the 104–105 R.L.U. range, which corresponds to
�10% of entry levels obtained by direct infection (Fig. 1B).
Transinfection mediated by L-SIGN was consistently more
efficient than transinfection mediated by DC-SIGN. Coculture
of HeLa cells with Huh-7 cells did not result in transinfection
(Fig. 1B), further demonstrating that viral particles must be
captured by SIGN molecules to remain infectious and to be
transmitted to target cells.

Transinfection was also measured in the presence of specific
inhibitors. Mannan (20 �g�ml) blocked HCV pseudovirus trans-
mission to Huh-7 cells by L-SIGN� and DC-SIGN� HeLa by
75% and 85%, respectively (Fig. 1B). Pseudoviral entry was also
significantly reduced by the anti-L�DC-SIGN mAb 612X (10
�g�ml), with a greater effect on DC-SIGN-mediated transin-
fection (Fig. 1B). As expected, anti-L-SIGN mAb 604L (10

�g�ml) and anti-DC-SIGN mAb 507D (10 �g�ml) inhibited only
transinfection mediated by L-SIGN and DC-SIGN, respectively
(Fig. 1B). Generally, transinfection was inhibited by �30–60%
with the different mAbs, all of which recognize the CRDs of the
lectin receptors. We also ascertained that transinfection de-
pended on HCV envelope glycoproteins by showing that it is
inhibited by �80% with sera from HCV�, but not HCV�,
donors (1:100) (Fig. 1B and data not shown). Taken together,
these findings show that HCV particles captured by L-SIGN� or
DC-SIGN� cells via interactions with E1E2 remain infectious
and are efficiently transmitted to target cells.

Human DC Bind to HCV via E2 and Mediate Transinfection of Liver Cells.
We next tested whether DC-SIGN� primary human DC could
specifically capture soluble E2 envelope glycoprotein and HCV
pseudoparticles. Peripheral blood mononuclear cells were iso-
lated from an HCV� donor, and monocytes were differentiated
into immature DC by treatment with granulocyte–macrophage
colony-stimulating factor and IL-4. Soluble E2 was coated onto
fluorescent beads conjugated to anti-E2 mAb 091b-5, and bind-
ing to DC was analyzed by flow cytometry, as described (44).
Over 50% of cells bound E2-coated beads, and binding was
inhibited with anti-L�DC-SIGN mAb 612X (10 �g�ml) and
mannan (20 �g�ml) by 71% and 66%, respectively (Table 2). In
addition, binding of HCV pseudoparticles to DC was detected by
RT-PCR with the Ultrasensitive Amplicor Assay. Similar to
inhibition of soluble E2 binding, HCV pseudovirus attachment
to DC was inhibited with anti-L�DC-SIGN mAb 612X and
mannan by 74% and 49%, respectively (Table 2). These results
demonstrate that both soluble E2 and HCV pseudoviruses are
captured onto primary DC by specifically interacting with DC-
SIGN. Variations in potency of inhibition in Tables 1 and 2 could
be due to differences in cellular backgrounds, levels of DC-SIGN
expression, and use of different assays to detect HCV pseu-
doparticle binding to cells.

Transinfection of target cells by DC-captured HCV pseudovi-
ruses was also evaluated by using DC derived from two HCV�
donors. DC from donor A expressed twice as much DC-SIGN
compared with cells derived from donor B, as determined by
flow cytometry analyses after labeling with mAb 612X (Fig. 2A
Upper). DC from both donors were incubated with HCV
pseudoviruses followed by washing and coculture with Huh-7
cells. We note that only background luciferase activities were
observed in the absence of target cells, confirming that DC are
not susceptible to E1E2-mediated pseudovirus entry (Fig. 2A).
DC derived from donor A were �30% more efficient at medi-
ating transinfection of Huh-7 cells than DC derived from donor
B (Fig. 2A), consistent with higher levels of DC-SIGN expres-

Fig. 1. L-SIGN- and DC-SIGN-mediated transinfection of HCV pseudoviruses
into Huh-7 cells. L-SIGN�, DC-SIGN�, parental HeLa cells, or Huh-7 cells were
infected with HCV pseudoviruses. Luciferase activities [relative light units
(R.L.U.)] were measured in cell lysates 48 h postinfection. Values are means of
three independent experiments � SD. (A) L-SIGN�, DC-SIGN�, or parental
HeLa cells were incubated with HCV pseudovirus-containing supernatants,
washed, and cocultured with Huh-7 cells. Luciferase activity in cell lysates was
measured 48 h postinfection. (B) Alternatively, DC-SIGN�, L-SIGN�, or paren-
tal HeLa cells were preincubated with anti-DC-SIGN mAb 507D (crosshatched
bars), anti-L-SIGN mAb 604L (dotted bars), anti-DC�L-SIGN mAb 612X (gray
bars), mannan (white bars), HCV� sera (striped bars), or HCV � sera (data not
shown), before addition of pseudoviral supernatants. One representative
experiment of three independent experiments is shown.

Table 2. Soluble E2 and HCV pseudovirus binding to primary
dendritic cells

Fluorescent
cells, % Inhibition, % Units�ml Inhibition, %

IgG control 55 — 65,000 —
612X mAb 13 71 � 15 17,000 74 � 8
Mannan 22 66 � 12 32,000 49 � 12

Primary DC isolated from an HCV� donor were incubated with a control
murine IgG (10 �g�ml), anti-L�DC-SIGN mAb 612X (10 �g�ml), or mannan (20
�g�ml), followed by incubation with fluorescent beads coupled with soluble
E2. Binding was measured by flow cytometry and expressed as a percentage
of fluorescently labeled cells. Alternatively, DC were incubated with HCV
pseudovirus-containing supernatants, and the number of cell-associated
HIV-1 RNA copies was quantified by real-time PCR. Percentages of inhibition
were calculated as described for Table 1. One representative experiment of
three independent experiments is shown. The percentages of binding inhibi-
tion are means of three independent experiments � SD.
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sion. Moreover, transinfection was inhibited by both mannan (20
�g�ml) and the anti-DC�L-SIGN mAb 612X (10 �g�ml), con-
firming that it occurs through a DC-SIGN-dependent mecha-
nism (Fig. 2A). When DC were incubated with the anti-CD81
mAb JS-81 (10 �g�ml) before HCV pseudovirus capture,
transinfection of Huh-7 cells was unaffected. However, addition

of the anti-CD81 mAb JS-81 (10 �g�ml) to mixtures of DC and
target cells after HCV pseudoparticle capture by the former
completely inhibited transinfection (Fig. 2B). Therefore, CD81
does not play a role in SIGN-mediated virus capture but is still
necessary for transinfection of target cells.

Immature DC efficiently internalize and process viruses for
presentation to the immune system. DC-SIGN is believed to play
a role in virus escape from this process. Consequently, we also
investigated the role of virus internalization in DC-mediated
transinfection of HCV to target cells. DC were incubated with
HCV pseudoviruses at 4°C, which is permissive for attachment
but not internalization of virus–receptor complexes. Alterna-
tively, DC-SIGN-mediated capture of HCV pseudoviruses was
carried out in the presence of chloroquine, which is a weak base
that prevents acidification of endosomes and blocks receptor
recycling from the endocytic pathway. DC were then washed and
cocultured with Huh-7 cells at 37°C and entry was quantified 48 h
later. Incubation at 4°C or in the presence of chloroquine during
HCV pseudovirus captures strongly inhibited (�80%) transin-
fection mediated by DC from both donors (Fig. 2B). These
results indicate that endocytosis of the DC-SIGN–virus complex
plays a critical role in transinfection.

Discussion
The HCV E2 envelope glycoprotein has 11 N-linked glycosyla-
tion sites, and the majority of oligosaccharides on E2 are
high-mannose structures. C type lectin CRDs specifically bind
high-mannose N-linked oligosaccharides associated with surface
components of viruses and bacteria, which are then internalized
and routed to lysosomes and MHC class II positive endosomes.
Certain viruses, however, are able to escape targeting to lyso-
somes that occurs for other pathogens (42). Instead, captured
viral particles are recycled from nonlysosomal intracellular
compartments and are transferred to target cells, where virus-
cell fusion is mediated by envelope glycoprotein interactions
with bona fide entry receptors. The best-characterized example
is HIV-1, which is captured by DC-SIGN� DC at sites of
mucosal exposure. DC-SIGN-mediated internalization of HIV-1
particles into nonlysosomal compartments appears to protect the
virus from degradation during transport to lymphoid organs,
where it is transmitted to CD4� CCR5� lymphocytes (34, 42, 43).
Other viruses, such as Ebola, dengue, and Sindbis, may use
similar mechanisms to infect target cells either in cis or in trans
(35, 37, 51).

HCV replicates in hepatocytes, and several studies have
documented HCV replication in B and T lymphocytes (9, 10,
52–55), but the determinants of HCV tropism are unknown. We
recently demonstrated that CD81 serves as an obligate entry
coreceptor for HCV (26). However, CD81 is ubiquitously ex-
pressed on human cells and cannot account for the restricted
tropism of HCV (56). Instead, other HCV receptors may be
expressed on hepatocytes and some lymphocytes, thereby re-
stricting viral entry into these cell types. We and others have
shown (44–46) that HCV envelope glycoprotein E2 as well as
HCV virions and pseudoviruses specifically bind to L-SIGN�
and DC-SIGN� cells. In this study, we demonstrate that ex-
pression of SIGN receptors does not render cells permissive to
infection by HCV pseudoviruses but does enable them to
mediate infection of human liver cells in trans. The specificity of
this process is underscored by inhibition of pseudovirus capture
and transinfection with mannan and mAbs against CRDs of
L-SIGN and DC-SIGN. Moreover, primary human DC also
mediate DC-SIGN-dependent transinfection of liver cells, which
requires internalization of the DC-SIGN–pseudovirus complex.
An additional determinant of HCV tropism therefore may be
L-SIGN- and DC-SIGN-mediated targeting of the virus to the
liver and lymph nodes.

Fig. 2. DC-mediated transinfection of HCV pseudoviruses into Huh-7 cells.
Immature human DC were differentiated from peripheral blood mononuclear
cells of two HCV� donors (A and B) by using granulocyte–macrophage colony-
stimulating factor and IL-4. (A) Expression of DC-SIGN was quantified by flow
cytometry and represented as mean fluorescent intensity (m.f.i.) of an anti-
DC-SIGN mAb. DC were incubated with HCV pseudovirus-containing super-
natants, washed, and cocultured with Huh-7 cells. Luciferase activity was
measured in cell lysates 48 h postinfection. Direct infection of DC by HCV
pseudoviruses was measured in the absence of Huh-7 cells (dotted bars). DC
were also preincubated with HCV pseudoviruses alone (black bars) or in the
presence of anti-DC�L-SIGN 612X (crosshatched bars), mannan (gray bars), or
anti-CD81 mAb JS-81 (white bars). Alternatively, JS-81 was added to DC and
Huh-7 cells after pseudovirus capture (dotted bars). (B) Alternatively, DC were
incubated with HCV pseudovirus-containing supernatants at 37°C (black bars),
4°C (gray bars), or in the presence of chloroquine (white bars), washed, and
cocultured with Huh-7 cells. Luciferase activity was measured in cell lysates
48 h postinfection.
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L-SIGN is expressed mainly by endothelial cells in liver and
lymph node sinusoids, whereas DC-SIGN is expressed mostly on
myeloid-lineage DC (38, 39, 57, 58). The endothelium of liver
sinusoids (specialized capillaries) serves as an active barrier
between circulating blood and hepatocytes. LSEC lack a basal
lamina and comprise unique pores (fenestrae), which act as
filters for fluids, solutes, and particles that are exchanged
between the sinusoidal lumen and hepatocytes (59). Another
functional characteristic of LSEC is their effective uptake of a
wide variety of substances from the blood by receptor-mediated
endocytosis. Moreover, some of these substances are actively
transferred across the endothelial barrier to surrounding tissues
by transcytosis. We postulate that L-SIGN-mediated capture of
circulating HCV particles by LSEC results in transcytosis of the
virus across the endothelial barrier, thereby concentrating in-
fectious particles and placing them in direct contact with entry-
permissive hepatocytes. Similarly, DC-SIGN� DC, which are
present in mucosal compartments and circulating blood, may
capture HCV at these sites of primary infection. DC are antigen-
presenting cells and interact directly with both B and T lympho-
cytes (60–63), some of which may be susceptible to HCV
infection. Also, DC have been shown to migrate from the blood
to the liver by translocation across the endothelium of hepatic
sinusoids and may thus transport HCV to hepatocytes (64).

The precise mechanism of SIGN-mediated transinfection is
unknown. We show that, similar to HIV-1, HCV transinfection
mediated by DC depends on internalization of viral particles.
Treatment of DC with chloroquine results in inhibition of
transinfection, indicating that pH changes within intracellular
compartments are critical for the process. This finding is high-
lighted by the observation that HCV pseudovirions that have
been captured but not internalized (by incubation at 4°C) are not
transmitted to target cells. It is possible that acidification of the

SIGN–virus complex leads to its dissociation, thereby facilitating
transfer of infectious particles to receptor-expressing target cells.
Even though HCV pseudoviruses enter cells by low pH-
dependent receptor-mediated endocytosis (20), it is remarkable
that SIGN-mediated internalization does not prematurely ex-
pose cryptic E1E2 fusion domains and inactivate the virus. This
may indicate that HCV envelope glycoproteins are insensitive to
low pH-induced modifications in the absence of receptor-
induced conformational changes. In addition, DC can selectively
retain antigens in their native form inside neutral to mildly acidic
vesicles (65, 66).

Conclusion
HCV envelope glycoproteins participate in a complex cascade of
interactions with specific cell-surface molecules to target and
enter host cells. Binding of E1E2 to the CD81 coreceptor and
other molecules on hepatocytes results in viral fusion and entry.
In addition, HCV envelope glycoproteins bind to at least two C
type lectins, L-SIGN and DC-SIGN, expressed on LSEC and
DC, respectively, which interact with HCV target cells. SIGN-
mediated transinfection of hepatocytes with HCV, which are not
in direct contact with circulating blood, may be essential for
establishment of persistent infection.
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