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Abstract：Hepatitis C virus (HCV) is a member of the Flaviviridae family and causes acute and chronic hepatitis. 

Chronic HCV infection may result in severe liver damage including liver cirrhosis and hepatocellular carcinoma. 

The liver is the primary target organ of HCV, and the hepatocyte is its primary target cell. Attachment of the virus 

to the cell surface followed by viral entry is the first step in a cascade of interactions between the virus and the 

target cell that is required for successful entry into the cell and initiation of infection. This step is an important 

determinant of tissue tropism and pathogenesis; it thus represents a major target for antiviral host cell responses, 

such as antibody-mediated virus neutralization. Following the development of novel cell culture models for HCV 

infection our understanding of the HCV entry process and mechanisms of virus neutralization has been markedly 

advanced. In this review we summarize recent developments in the molecular biology of viral entry and its impact 

on pathogenesis of HCV infection, development of novel preventive and therapeutic antiviral strategies. 
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VIRAL AND CELLULAR DETERMINANTS OF 

VIRAL ENTRY 

Hepatitis C virus (HCV) is a member of the Flavi- 

viridae family and causes acute and chronic hepatitis. 

A persistent HCV infection may result in severe liver 

damage including liver cirrhosis and hepatocellular 

carcinoma (17). HCV infects only humans and chim- 

panzees (33). The liver is the primary target organ of 

HCV, and the hepatocyte is its primary target cell. 

Attachment of the virus to the cell surface followed by 

viral entry is the first step in a cascade of interactions 

between the virus and the target cell that is required for 

successful entry into the cell and initiation of infection 

(Fig. 1) (35). This step is an important determinant of 

tissue tropism and patho- genesis; it thus represents a 

major target for antiviral host cell responses, such as 

antibody-mediated virus neutralization, and antiviral 

therapy (for review see also (56)). 
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Fig. 1. Current model of binding and entry of hepatitis C virus (HCV). HCV is associated with lipoproteins. The lipoprotein/virus 

particle is captured by cellular binding factors (glycosaminoglycans) and the virus may then be transferred to the entry factors 

including scavenger receptor B type I (SR-BI), tetraspanin CD81 and claudin-1 (CLDN-1). This orchestra of binding events triggers 

clathrin-mediated endocytosis of the HCV particle. The HCV capsid and genome is released into the cytosol following pH-dependent 

membrane fusion of the viral surface glycoproteins and the endosomal membrane. 

 

Viral determinant of viral entry: envelope gly- 

coproteins 

The HCV genome encodes a single precursor 

polyprotein of about 3,000 amino acids that is cleaved 

co- and post-translationally into functional structural 

and non-structural proteins by host and viral proteases 

including two envelope glycoproteins, E1 and E2. In 

analogy to other members of the Flaviviridae family, 

the HCV capsid complexes the viral RNA genome and 

is thought to adopt a classical icosahedral scaffold in 

which the two envelope glycoproteins E1 and E2 are 

anchored to the host cell-derived double-layer lipid 

envelope (38). E1 and E2 are type I transmembrane 

glycoproteins containing up to 6 and 11 potential 

glycosylation sites, respectively and forming noncova- 

lent heterodimers. 

Studies of infectious HCV life cycle have been 

limited by the lack of an efficient cell culture system. 

Several model systems have thus been developed for 

the study of defined aspects of the HCV life cycle 

such as viral entry, replication, assembly and release 

(for review see (5)). Recombinant HCV envelope 

glycoproteins (40), HCV-like particles (HCV-LPs) (4, 

13, 53) and retroviral HCV pseudotypes (HCVpp) (10, 

24) have been successfully used to analyze virus 

attachment and entry. Most recently, efficient in vitro 

model systems for the production of infectious recom- 

binant virions (HCVcc) have been described (32, 60, 

52). Using these model systems, it could be demon- 

strated that envelope glycoproteins E1 and E2 are 

critical for host cell entry. 

Host entry factors for HCV infection 

Using various model systems for HCV-host 

interaction, several host entry factors have been iden- 
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tified. These include CD81 (40), the low-density 

lipoprotein (LDL) receptor (1), highly sulfated 

heparan sulfate (6, 27), scavenger receptor class B 

type I (SR-BI) (42), and claudin-1 (CLDN-1) (19).  

Heparan sulfate is an important cellular binding 

molecule for several viruses and may serve as the 

initial docking site for HCV attachment. In fact, 

incubation of HCV-LPs and HCVpp with heparin - a 

structural homolog of highly sulfated heparan sulfate- 

reduced HCV-LP and HCVpp binding to human 

hepatoma cells resulting in a decreased internalization 

of theses particles (6, 7). Most recently, using the 

HCVcc system, it could be confirmed that heparan 

sulfate plays an important role for HCV attachment to 

its target cell (27).  

Tetraspanins are widely expressed proteins that 

regulate cell morphology, motility, invasion, fusion 

and signalling (23). Two tetraspanins-CD81 and 

CLDN-1 have been shown to represent key factors for 

HCV infection (19, 40). Anti-CD81 antibodies as well 

as a soluble form of the CD81 extracellular loop have 

been shown to inhibit HCVpp and HCVcc entry into 

Huh-7 hepatoma cells and human heptocytes (10, 24, 

32, 52, 59, 60). Expression of CD81 in hepatoma cell 

lines that are resistant to HCVpp and HCVcc infection 

conferred susceptibility to HCV infection (2, 12, 59). 

In addition, it has been demonstrated that CD81 

expression levels on hepatoma cells correlate with 

HCV infectivity (2, 26). CLDN-1 is highly expressed 

in the liver but also in other tissues. Expression of 

CLDN-1 in non-hepatic 293T cells renders them 

susceptible to HCVpp entry (19). In addition, overex- 

pression of this molecule in CD81-deficient HepG2 

hepatoma cells did increase their HCV permissivity, 

suggesting that CLDN-1 is not an alternative entry 

pathway to CD81 (19). Kinetic studies showed that 

CLDN-1 acts at a post binding step after HCV 

interaction with CD81 (19).  

SR-BI is a 509 amino acid glycoprotein with a large 

extracellular loop anchored to the plasma membrane 

at both the N- and C- termini. SR-BI is highly 

expressed in liver and steroidogenic tissues (28) as 

well as human monocyte-derived dendritic cells but 

not on any other peripheral blood mononuclear cells 

(55). It has been shown that physiological SR-BI 

ligands, such as HDL or oxLDL, can modulate HCV 

infection: HDL and oxLDL have been shown to 

enhance and inhibit HCVpp entry, respectively (11, 49, 

50), whereas both HDL and LDL inhibited HCV 

replication in human hepatocytes infected with 

serum-derived HCV (36). The important role of SR-BI 

in productive HCV infection has been confirmed 

using the HCVcc system (25, 58).  

The apolipoprotein B (apoB)-containing LDL and 

apolipoprotein E (apoE)-containing very low-density 

lipoproteins (VLDL) are the major LDLR ligands. As 

HCV is able to associate with LDL and VLDL in 

serum (3), the LDLR was suggested to be a putative 

HCV receptor candidate. The LDLR has been shown 

to internalize serum-derived HCV by binding virus- 

LDL particles (1). Anti-LDLR antibodies as well as 

anti-apoB and apoE antibodies were able to inhibit 

HCV endocytosis (1, 10, 54). It could also be demon- 

strated that LDLR plays a role in an early step of 

serum-derived HCV infection of primary human 

hepatocytes (36). However, studies using the HCVpp 

system where HCV is not associated with lipoproteins 

suggest that LDLR does not appear to play a role for 

infection of Huh7 cells with HCVpp (10). Further 

studies using HCVcc and human hepatocytes will 
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allow more insight into the role of LDLR in HCV 

infection. 

Despite the numerous experimental data demon- 

strating the importance of the above described 

receptors in HCV infection, none of these molecules 

has a liver-specific expression profile as it would be 

expected for receptors of a hepatotrophic virus. 

Moreover, all HCV permissive cell lines identified so 

far express CD81, SR-BI and CLDN-1 and are of 

hepatic origin but various cell lines of non-hepatic 

origin expressing these receptors are non permissive for 

HCV (9, 10, 12, 59), suggesting that additional liver 

specific factor (s) are required for HCV infection. 

 

CLINICAL IMPACT OF VIRAL ENTRY 

Target of host neutralizing responses 

The recent development of tissue culture model 

systems for the study of HCV infection (HCVpp, 

HCVcc) has finally allowed to functionally charac- 

terize antibody-mediated neutralization in HCV 

infected patients (for review see (57)). Using the 

HCVpp model system, two studies have demonstrated 

that neutralizing antibodies are induced in the early 

phase of infection by patients who subsequently clear 

the virus (39) or control viral infection (30). In a well 

characterized single-source outbreak of hepatitis C, 

viral clearance was associated with a rapid induction 

of neutralizing antibodies in the early phase of 

infection. In contrast, chronic HCV infection was 

characterized by absent or low-titer neutralizing an- 

tibodies in the early phase of infection (39). These 

results suggest that a strong early broad neutralizing 

antibody response may contribute to control of HCV 

in the acute phase of infection and assist cellular 

immune responses in viral clearance. Furthermore, 

experimental data obtained in animal models have 

demonstrated that immune control of poorly cyto- 

pathic viruses, such as lymphocytic chorio-meningitis 

virus (LCMV) requires a collaboration of both the 

cellular and humoral arms of the immune system (20). 

Applying these findings to HCV infection - another 

prototype of persistent-prone non-cytopathic viruses - 

it is conceivable, that both cellular (15, 46, 47) and 

neutralizing responses (30, 39) may contribute to 

control of HCV infection during the very early phase 

of viral infection. 

Patients who do not clear the virus develop high- 

titer and even cross-neutralizing antibodies during the 

chronic phase of infection (9, 34, 39, 45, 51, 52). 

Paradoxically, these antibodies are not able to control 

HCV infection. Viral escape from antibody-mediated 

neutralization in these patients may occur on several 

levels: (i) HCV exists as a quasispecies with distinct 

viral variants in infected individuals changing 

constantly over time (9); (ii) the interplay of HCV 

glycoproteins with high-density lipoprotein and SR-BI 

has been shown to mediate protection from neutra- 

lizing antibodies present in sera of acute and chronic 

HCV-infected patients (11, 18); and (iii) as shown for 

other viruses such as human immunodeficiency virus 

(HIV), escape from neutralizing antibodies may occur 

through a combination of different mechanisms, for 

instance point mutations, insertions/deletions or chan- 

ges in glycosylation patterns of the viral envelope (21) 

or conformational masking of receptor binding sites 

following envelope-antibody interaction (29) preven- 

ting neutralizing antibody binding (44).  

Entry inhibitors as novel antiviral therapeutics  

In other viruses, such as HIV, viral entry has been 

shown to represent an important target for antiviral 
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strategies (16). The lectin cyanovirin-N (CV-N) has 

been discovered as an active compound against HIV 

and was then shown to present antiviral activity 

against other enveloped viruses (16, 37). This antiviral 

activity results from interactions between CV-N and 

high-mannose oligosaccharides on viral envelope gly- 

coproteins (43). HCV envelope glycoproteins are 

highly glycosylated and contain oligomannose glycans. 

It has been shown that these oligomannose glycans 

interact with CV-N resulting in HCV antiviral activity 

by blocking HCV entry into target cell (22). Another 

approach to target HCV attachment might be the 

development of heparan-derived molecules, as heparin 

has been shown to potently inhibit HCV E2, HCVpp, 

HCV-LP as well as HCVcc binding to hepatoma cells 

(6, 8, 27). The systematic generation and screening of 

heparan sulfate-like molecules and semisynthetic deri- 

vatives is already explored as an antiviral approach 

against dengue virus infection (31).  

Insights into the molecular mechanisms of HCV 

fusion are just about to arise and molecules likely to 

interfere with HCV penetration have not yet been 

described. As HCV enters the host cell through 

endocytosis and requires low pH for delivery of HCV 

genome, agents preventing the acidification of endo- 

somal compartments, such as chloroquine, are able to 

prevent infection (14, 48). Peptide-based fusion 

inhibitors have already been established for the 

treatment of other viral infections such as HIV 

infection. Enfuvirtide which blocks HIV fusion to host 

cells is the first compound of this family approved for 

clinical use (41). As for other infectious diseases, it 

might be preferable to target viral proteins rather than 

host cell components because of potential adverse 

effects resulting form interference with normal cell 

functions. The optimal entry inhibitor would block 

viral binding sites on receptors without affecting 

functional physiological ligand binding. Drugs tar- 

geting the viral entry could increase the impact of the 

current antiviral combination therapy using interferon 

and nucleoside analogs. 

 

CONCLUSIONS 

Following the development of novel cell culture 

models for HCV infection our understanding of the 

HCV entry process and mechanisms of virus neu- 

tralization has been markedly advanced. Viral entry 

has important clinical implications since it is a target 

of host neutralizing antibodies and antiviral strategies. 

Both viral and host cell components involved in virus 

entry may serve as targets for the development of 

novel HCV entry inhibitors potentially overcome the 

limited efficiency of current antiviral therapies. 

References 
1. Agnello V, Abel G, Elfahal M, et al. 1999. Hepatitis C 

virus and other flaviviridae viruses enter cells via low 

density lipoprotein receptor. Proc Natl Acad Sci USA, 96: 

12766-12771. 

2. Akazawa D, Date T, Morikawa K, et al. 2007. CD81 

expression is important for the permissiveness of Huh7 cell 

clones for heterogeneous hepatitis C virus infection. J 

Virol, 81: 5036-5045. 

3. Andre P, Komurian-Pradel F, Deforges S, et al. 2002. 

Characterization of low- and very-low-density hepatitis C 

virus RNA-containing particles. J Virol, 76: 6919-6928. 

4. Barth H, Cerino R, Arcuri M, et al. 2005. Scavenger 

receptor class B type I and hepatitis C virus infection of 

primary tupaia hepatocytes. J Virol, 79: 5774-5785. 

5. Barth H, Liang T J, Baumert T F. 2006. Hepatitis C 

virus entry: molecular biology and clinical implications. 

Hepatology, 44: 527-535. 

6. Barth H, Schäfer C, Adah M I, et al. 2003. Cellular 

binding of hepatitis C virus envelope glycoprotein E2 



Virol. Sin. (2008) 23: 124-131                                                                               129 

 

requires cell surface heparan sulfate. J. Biol. Chem., 278: 

41003-41012. 

7. Barth H, Schnober E K, Zhang F, et al. 2006. Viral and 

cellular determinants of hepatitis C virus envelope-heparan 

sulfate interaction. J Virol, 80 (21): 10579-10590. 

8. Barth H, Schnober EK, Zhang F, et al. 2006. Viral and 

cellular determinants of the hepatitis C virus envelope- 

heparan sulfate interaction. J Virol, 80: 10579-10590. 

9. Bartosch B, Bukh J, Meunier J C, et al. 2003. In vitro 

assay for neutralizing antibody to hepatitis C virus: 

evidence for broadly conserved neutralization epitopes. 

Proc Natl Acad Sci USA, 100: 14199-14204. 

10. Bartosch B, Dubuisson J, Cosset F L. 2003. Infectious 

hepatitis C virus pseudo-particles containing functional 

E1-E2 envelope protein complexes. J Exp Med, 197: 633- 

642. 

11. Bartosch B, Verney G, Dreux M, et al. 2005. An 

interplay between hypervariable region 1 of the hepatitis C 

virus E2 glycoprotein, the scavenger receptor BI, and 

high-density lipoprotein promotes both enhancement of 

infection and protection against neutralizing antibodies. J 

Virol, 79: 8217-8229. 

12. Bartosch B, Vitelli A, Granier C, et al. 2003. Cell entry 

of hepatitis C virus requires a set of co-receptors that 

include the CD81 tetraspanin and the SR-B1 scavenger 

receptor. J Biol Chem, 278 (43): 41624-41630. 

13. Baumert TF, Ito S, Wong DT, et al. 1998. Hepatitis C 

virus structural proteins assemble into viruslike particles in 

insect cells. J Virol, 72: 3827-3836. 

14. Blanchard E, Belouzard S, Goueslain L, et al. 2006. 

Hepatitis C virus entry depends on clathrin-mediated 

endocytosis. J Virol, 80: 6964-6972. 

15. Bowen D G, Walker C M. 2005. Adaptive immune 

responses in acute and chronic hepatitis C virus infection. 

Nature, 436: 946-952. 

16. Boyd M R, Gustafson K R, McMahon J B, et al. 1997. 

Discovery of cyanovirin-N, a novel human immuno- 

deficiency virus-inactivating protein that binds viral 

surface envelope glycoprotein gp120: potential appli- 

cations to microbicide development. Antimicrob Agents 

Chemother, 41: 1521-1530. 

17. Chisari F V. 2005. Unscrambling hepatitis C virus-host 

interactions. Nature, 436: 930-932. 

18. Dreux M, Pietschmann T, Granier C, et al. 2006. High 

density lipoprotein inhibits hepatitis C virus-neutralizing 

antibodies by stimulating cell entry via activation of the 

scavenger receptor BI. J Biol Chem, 281: 18285-18295. 

19. Evans M J, von Hahn T, Tscherne D M, et al. 2007. 

Claudin-1 is a hepatitis C virus co-receptor required for a 

late step in entry. Nature, 446: 801-805. 

20. Hangartner L, Zinkernagel R M, Hengartner H. 2006. 

Antiviral antibody responses: the two extremes of a wide 

spectrum. Nat Rev Immunol, 6: 231-243. 

21. Helle F, Goffard A, Morel V, et al. 2007. The 

neutralizing activity of anti-hepatitis C virus antibodies is 

modulated by specific glycans on the E2 envelope protein. 

J Virol, 81: 8101-8111. 

22. Helle F, Wychowski C, Vu-Dac N, et al. 2006. 

Cyanovirin-N inhibits hepatitis C virus entry by binding to 

envelope protein glycans. J Biol Chem, 281: 25177- 

25183. 

23. Hemler M E. 2005. Tetraspanin functions and associated 

microdomains. Nat Rev Mol Cell Biol, 6: 801-811. 

24. Hsu M, Zhang J, Flint M, et al. 2003. Hepatitis C virus 

glycoproteins mediate pH-dependent cell entry of 

pseudotyped retroviral particles. Proc Natl Acad Sci USA, 

100: 7271-7276. 

25. Kapadia S B, Barth H, Baumert T, et al. 2007. Initiation 

of Hepatitis C Virus Infection Is Dependent on Cholesterol 

and Cooperativity between CD81 and Scavenger Receptor 

B Type I. J Virol, 81: 374-383.  

26. Koutsoudakis G, Herrmann E, Kallis S, et al. 2007. The 

level of CD81 cell surface expression is a key determinant 

for productive entry of hepatitis C virus into host cells. J 

Virol, 81: 588-598. 

27. Koutsoudakis G, Kaul A, Steinmann E, et al. 2006. 

Characterization of the early steps of hepatitis C virus 

infection by using luciferase reporter viruses. J Virol, 80: 

5308-5320. 

28. Krieger M. 2001. Scavenger receptor class B type I is a 

multiligand HDL receptor that influences diverse 

physiologic systems. J Clin Invest, 108: 793-797. 

29. Kwong P D, Doyle M L, Casper D J, et al. 2002. HIV-1 

evades antibody-mediated neutralization through confor- 

mational masking of receptor-binding sites. Nature, 420: 

678-682. 



130                                                                               Virol. Sin. (2008) 23: 124-131 

 

30. Lavillette D, Morice Y, Germanidis G, et al. 2005. 

Human serum facilitates hepatitis C virus infection, and 

neutralizing responses inversely correlate with viral 

replication kinetics at the acute phase of hepatitis C virus 

infection. J Virol, 79: 6023-34. 

31. Lee E, Pavy M, Young N, et al. 2006. Antiviral effect of 

the heparan sulfate mimetic, PI-88, against dengue and 

encephalitic flaviviruses. Antiviral Res, 69: 31-38. 

32. Lindenbach B D, Evans M J, Syder A J, et al. 2005. 

Complete replication of hepatitis C virus in cell culture. 

Science, 309: 623-626. 

33. Lindenbach B D. Rice C M. 2001. Flaviviridae: the 

viruses and their replication. In: Fields Virology (Knipe D 

M, Howley, P M, Griffin D E, et al. ed.), 4th ed, Baltimore, 

Lippincott Williams & Wilkins, p991-1041. 

34. Logvinoff C, Major M E, Oldach D, et al. 2004. 

Neutralizing antibody response during acute and chronic 

hepatitis C virus infection. Proc Natl Acad Sci USA, 101: 

10149-10154. 

35. Marsh M, Helenius A. 2006. Virus entry: open sesame. 

Cell, 124: 729-740. 

36. Molina S, Castet V, Fournier-Wirth C, et al. 2007. The 

low-density lipoprotein receptor plays a role in the 

infection of primary human hepatocytes by hepatitis C 

virus. J Hepatol, 46: 411-419. 

37. O'Keefe B R, Smee D F, Turpin J A, et al. 2003. Potent 

anti-influenza activity of cyanovirin-N and interactions 

with viral hemagglutinin. Antimicrob Agents Chemother, 

47: 2518-2525. 

38. Penin F, Dubuisson J, Rey F A, et al. 2004. Structural 

biology of hepatitis C virus. Hepatology, 39: 5-19. 

39. Pestka J M, Zeisel M B, Blaser E, et al. 2007. Rapid 

induction of virus-neutralizing antibodies and viral 

clearance in a single-source outbreak of hepatitis C. Proc 

Natl Acad Sci USA, 104: 6025-6030. 

40. Pileri P, Uematsu Y, Campagnoli S, et al. 1998. Binding 

of hepatitis C virus to CD81. Science, 282: 938-941. 

41. Poveda E, Briz V, Soriano V. 2005. Enfuvirtide, the first 

fusion inhibitor to treat HIV infection. AIDS Rev, 7: 

139-147. 

42. Scarselli E, Ansuini H, Cerino R, et al. 2002. The human 

scavenger receptor class B type I is a novel candidate 

receptor for the hepatitis C virus. EMBO J, 21: 5017-

-5025.  

43. Shenoy S R, O'Keefe B R, Bolmstedt A J, et al. 2001. 

Selective interactions of the human immunodeficiency 

virus-inactivating protein cyanovirin-N with high-mannose 

oligosaccharides on gp120 and other glycoproteins. J 

Pharmacol Exp Ther, 297: 704-710. 

44. Srivastava I K, Ulmer J B, Barnett S W. 2005. Role of 

neutralizing antibodies in protective immunity against HIV. 

Hum Vaccin, 1: 45-60. 

45. Steinmann D, Barth H, Gissler B, et al. 2004. Inhibition 

of hepatitis C virus-like particle binding to target cells by 

antiviral antibodies in acute and chronic hepatitis C. J 

Virol, 78: 9030-9040. 

46. Takaki A, Wiese M, Maertens G, et al. 2000. Cellular 

immune responses persist and humoral responses decrease 

two decades after recovery from a single-source outbreak 

of hepatitis C. Nat Med, 6: 578-582.  

47. Thimme R, Oldach D, Chang K M, et al. 2001. 

Determinants of viral clearance and persistence during 

acute hepatitis C virus infection. J Exp Med, 194: 

1395-1406.  

48. Tscherne D M, Jones C T, Evans M J, et al. 2006. Time- 

and temperature-dependent activation of hepatitis C virus 

for low-pHtriggered entry. J Virol, 80: 1734-1741. 

49. Voisset C, Callens N, Blanchard E, et al. 2005. High 

density lipoproteins facilitate hepatitis C virus entry 

through the scavenger receptor class B type I. J Biol Chem, 

280: 7793-7799. 

50. von Hahn T, Lindenbach BD, Boullier A, et al. 2006. 

Oxidized low-density lipoprotein inhibits hepatitis C virus 

cell entry in human hepatoma cells. Hepatology, 43: 

932-942. 

51. von Hahn T, Yoon J C, Alter H, et al. 2007. Hepatitis C 

virus continuously escapes from neutralizing antibody and 

T-cell responses during chronic infection in vivo. 

Gastroenterology, 132: 667-678. 

52. Wakita T, Pietschmann T, Kato T, et al. 2005. 

Production of infectious hepatitis C virus in tissue culture 

from a cloned viral genome. Nat Med, 11: 791-796. 

53. Wellnitz S, Klumpp B, Barth H, et al. 2002. Binding of 

hepatitis C virus-like particles derived from infectious 

clone H77C to defined human cell lines. J Virol, 76: 

1181-1193. 

54. Wunschmann S, Medh J D, Klinzmann D, et al. 2000. 

Characterization of hepatitis C virus (HCV) and HCV E2 



Virol. Sin. (2008) 23: 124-131                                                                               131 

 

interactions with CD81 and the low-density lipoprotein 

receptor. J Virol, 74: 10055-10062. 

55. Yamada E, Montoya M, Schuettler C G, et al. 2005. 

Analysis of the binding of hepatitis C virus genotype 1a 

and 1b E2 glycoproteins to peripheral blood mononuclear 

cell subsets. J Gen Virol, 86: 2507-2512. 

56. Zeisel M B, Barth H, Schuster C, et al. 2008. Hepatitis C 

Virus Entry: Molecular Mechanisms and Targets for 

Antiviral Therapy. Front Biosci, in press. 

57. Zeisel M B, Fafi-Kremer S, Fofana I, et al. 2007. Host 

Neutralizing Responses in Hepatitis C Virus Infection. 

World J Gastroenterol, 13: 4824-4830. 

58. Zeisel M B, Koutsoudakis G, Schnober E K, et al. 2007 

Scavenger receptor BI is a key host factor for Hepatitis C 

virus infection required for an entry step closely linked to 

CD81. Hepatology, 46(6): 1722-1731. 

59. Zhang J, Randall G, Higginbottom A, et al. 2004. CD81 

is required for hepatitis C virus glycoprotein-mediated viral 

infection. J Virol, 78: 1448-1455. 

60. Zhong J, Gastaminza P, Cheng G, et al. 2005. Robust 

hepatitis C virus infection in vitro. Proc Natl Acad Sci 

USA, 102: 9294-9299. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


