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Scavenger receptor class B type I
is more conducive for genotype 1b hepatitis C virus internalization
than low-density lipoprotein receptor
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Summary.-The current limited understanding of HCV entry mechanisms hinders the development of
specific antiviral drug screening techniques and vaccine assessment. HCV subtypes and cellular surface
proteins both can affect virus tropism. Human factors such as low-density lipoprotein receptor (hLDLR),
CD81(hCD81), scavenger receptor class B type I (hSR-BI), claudin 1 (hCLDN1),and occludin (hOCLN) assist
HCVentryinto hepatocytes. Here, we studied the importance of five human proteins in the process of cell
culture-derived (HCVcc) and serum-derived (HCV-sd) HCV entry using constructed humanized mouse
hepatocytes and mouse models. We determined that unlike hLDLR, hSR-BI was an indispensable factor
for 1b genotype HCV adsorption. Furthermore, this attachment can be completely prevented by treatment
with amonoclonal antibody targeting hSR-BI. Our data support the idea that SR-Blis an essential factorin
HCVinfection, particularly during the initial HCV particle-binding step. This novel finding will facilitate

the development of antiviral drugs and vaccines.
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Introduction

Hepatitis C virus (HCV) infection represents a global
health problem. Approximately 130-170 million individu-
alsare chronically infected with HCV, and the majority of
those infected develop liver cirrhosis and/or hepatocel-
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Abbreviations: HCV = hepatitis C virus; hCD81 = human CD81;
hCLDNI1 = human claudin 1; HCVcc = cell culture-derived HCV;
HCV-sd = serum-derived HCV; hLDLR = human low-density li-
poprotein receptor; hOCLN = human occludin; hSR-BI = human
scavenger receptor class B type I; p.i. = post infection

lular carcinoma. The recently discovered direct-acting
antivirals represent a promising treatment for the ma-
jority of patients (Li and Chung, 2019). However, the lack
of vaccines and/or entry inhibitors remains a pressing
issue with regard to the prevention of HCV infection.
Corresponding small animal models are needed for drug
screening and vaccine assessment, and tremendous ef-
forts have been made to establish these models. Among
them, the genetically humanized mouse model has be-
come the most attractive. This model was first reported
by Dorner et al. (2011) and was generated by expressing
human HCV entry factors in the mouse liver.

Early HCVinfection is a complex process that involves
several events. Numerous studies have demonstrated
that HCV particles are associated with very low-density
lipoprotein (VLDL) or low-density lipoprotein (LDL) in
the blood, and this leads to the formation of lipoviral
particles (LVPs) (Nielsen et al., 2006). This interaction
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permits the virus to bind to target cells via lipoprotein
receptorsinaddition to viral structural proteins. Several
cellular factors reportedly mediate the HCV entry pro-
cess, including low-density lipoprotein receptor (LDLR)
(Agnello et al., 1999; Lv et al., 2009; Owen et al., 2009),
scavenger receptor type B class I (SR-BI) (Scarselli et al.,
2002), tetraspanin CD81 (Pileri et al., 1998), tight junction
claudin 1 (CLDN1) (Evans et al., 2007), occludin (OCLN)
(Liu et al., 2009; Ploss et al., 2009), and others (Barth et
al.,2003; Koutsoudakis et al., 2006; Lupberger et al., 2011;
Sainz et al., 2012; Martin and Uprichard, 2013). Recent
evidence suggests that both human LDLR (hLDLR) and
human SR-BI (hSR-BI) can bind native LDL and that they
both play an important role in early viral infection. How-
ever, several unresolved questions remain regarding the
functions of both factors. One of the unaddressed issues
is whether they play equally important roles or whether
one of them is predominant. To shed light on these ques-
tions, studies examining the interactions between HCV
and target cells at the onset of early viral infection are
suitable. In addition to serum-derived HCV (HCV-sd), a
recently discovered cell-culture-derived infectious HCV
(HCVcc) particles have been used in several experiments,
including the study of initial HCV particle-binding steps
(Owen et al.,2009; Sainz et al., 2010).

The development of an available cell model is a prereg-
uisite torecapitulate the details of HCV natural infection
in vitro. In the present study, we utilized lentivirus vec-
tors expressing human hLDLR, hCD81, hSR-BI, hCLDN],
and hOCLN in tandem and obtained humanized murine
hepatocytes by transfecting mouse hepatoma carcinoma
Hepal-6 cells with recombinant lentivirus. HCVcc and
HCV-sd were used to test the HCV susceptibility of the cell
models. Humanized murine hepatocytes stably express-
ing several human HCV entry factors were successfully
established and were found to be susceptible to HCV infec-
tion. Based on these models, the function of hLDLR was
assessed, and the proportion of hSR-BI-mediated HCV
entry was determined. We also performed validation stud-
iesinvivo.In summary, we determined that hSR-BI played
anindispensable role in HCV (genotype 1b) infection and
that hLDLR could promote HCV-sd entry. Meanwhile,
the function of hSR-BI in the context of early HCV (geno-
type 1b) infection is more important than that of hLDLR.
Our findings support theidea that hSR-BI functions as an
essential factor during HCV virus invasion.

Materials and Methods
Cells. Hepal-6, Huh7.5.1, NIH3T3, HepG2,and HEK293FT cells

were maintained in our laboratory. Cells were grown in DMEM
with 10% FBS.

Plasmids. The packaging plasmids pMDLg/pRRE, pRSV-REV,
and pCMV-VSV-G and the recombinant expression vectors
pCDH-hLDLR-hSR-BI-hCD81-GFP, pCDH-hSR-BI-hCD81-GFP,
and pCDH-hCLDN1-hOCLN-DsRed have been described previ-
ously (Lvetal.,,2015). The linker between hLDLR and hSR-Bl was
TGGGG GGGGS GGGGS. The linker between hSR-BI and hCD81
was ASGGG GGGGS GGGGS. The hLDLR ORF was amplified
from the pcDNA3-hLDLR vector using the primers: forward,
5'-CTA GTC TAG AGC CAC CAT GGG GCCCTG GGG CTG G-3',and
reverse, 5'-CAT GAC CGG TCG CCA CGT CAT CCT CCAGACTGA
C-3'. hSR-BI ORF was amplified from human hepatoma HepG2
cells using the primers: forward, 5-CTA GTC TAG AAC CGG TGG
CGGTGG CGGTGG CGGAGGATCCGG CGGAGGCGGCTCCGG
CTG CTC CGC CAA AGC GCG-3', and reverse, 5'-CTA GCT AGC
CAG TTT TGC TTC CTG CAG CA-3'. The hCD81 ORF was ampli-
fied from Huh7.5.1 cells using the primers: forward, 5'-CTA GTC
TAG AGC TAG CGG CGG GGG CGG TGG CGG AGG CTC CGG A-3,
andreverse,5'-GGA GGG GGA TCC GGA GTG GAG GGCTGCACC
AA-3.The fragments were digested and inserted into the pCDH-
EF1-MCS-GFP vector, and the constructed vector was named
pCDH-hLDLR-hSR-BI-hCD81-GFP/pCDH-hSR-BI-hCD81-GFP.

pCDH-hCLDNI1-hOCLN-DsRed is a recombinant expression
vector that expresses a fusion protein of hCLDN1-hOCLN.
GGGGS GGGGS GGGAS was the linker between hCLDN1 and
hOCLN that was used to maintain individual formation. Both
hCLDNI1 and hOCLN were amplified from human hepatocytes
(QSN7701). The hCLDN1 ORF was amplified using the primers:
forward, 5'-GCT CTA GAA TGG CCA ACG CGG GGC T-3!, and
reverse, 5'-CTA GCT AGC GCC ACC GCCGGA TCCTCC GCCACC
GGA GCC GCC TCC GCC CAC GTA GTCTTT CCC-3'. The hOCLN
ORF was amplified using the primers: forward, 5-CTA GCT AGC
ATGTCATCCAGGCCT CTT-3,and reverse, 5-AAT GGG CCC GAG
GGC CGG GAT TCT CCT CCA CGT CACCGCATG TTA GAA GAC
TTCCTCTGCCCTCTGTTTTCT GTC TAT C-3'. The two fragments
were digested and inserted into the pCDH-MCS-T2A -DsRed
vector, and the constructed vector was named pCDH-hCLDN1-
hOCLN-DsRed. The T2A sequences connecting gene fragments
in all recombinant plasmids were 5-AGG GCA GAG GAA GTC
TTC TAA CAT GCG GTG ACG TGG AGG AGA ATC CCG GCCCT-3.

Antibodies and reagents. The polyclonal anti-SR-BIl antibody
was obtained from BD Biosciences, and monoclonal anti-HCV
NS3and monoclonal anti-p-actin antibodies were obtained from
Abcam. The EndoFree® Plasmid Maxi Kit and the BCA Protein
Assay Kit were purchased from Qiagen and CWbio Company,
respectively. The luciferase assay system (10-Pack) was provided
by Promega. TRIzol and RIPA (C1053) were purchased from
Invitrogen and Millipore, respectively.

Virus production. Recombinant lentiviruses expressing hL.D-
LR-hSR-BI-hCD81-GFP,hSR-BI-hCD81-GFP,and hCLDN1-hOCLN-
DsRed were generated by co-transfection of HEK 293FT cells
with vector RSV-REV, VSVG, and pMDLg/pRRE (Lv et al., 2009).
The genotype 2a HCVcc was collected from the supernatants of
Huh75.1 cells that were transfected with full-length JFH-1 RNA
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transcribed from vector FL-J6/JFH-5'C19Rluc2AUbi (provided
by C. Rice, Rockefeller University, NY) as previously described
(Lindenbach et al., 2005). Additionally, the HCVcc (genotype
1b) was a generous gift from Dr. Congyi Zheng (Guo et al.,2009).
Virus stocks were prepared by transfection of the plasmid pHCV-
WHU-linto Vero cells containing the recombinant vaccinia virus
vTF7-3. HCVcc was collected in a serum-free medium. HCV-sd
was acquired from the Beijing 302 hospital in compliance with
the protocols approved by the institutional review boards (IRB).
Generation of humanized murine cell lines. Mouse hepato-
cytes (Hepal-6) were seeded at 2x10° cells per well in a six-well
plate. Subsequently, Hepal-6 cells were infected with 400 pl
of recombinant lentivirus expressing hCLDN1-hOCLN-DsRed
(CO/Hepal-6) in the presence of polybrene (8 ug/ml) at 37°C for
1h. Then, complete medium (CM) was added, and another 72 h
incubation was performed. The culture medium was replaced
with CM containing 800 pg/ml of G418 on day 3 post infection
(p.i.). Using flow cytometry and cell sorting, the first-generation
transgenic cell line hCLDN1-hOCLN/Hepal-6 with DsRed
expression was obtained. An additional lentivirus expressing
pCDH-hLDLR-hSR-BI-hCD81-GFP or pCDH-hSR-BI-hCD81-
GFP was used to infect established CO/Hepal-6 (DsRed) cells
using the same procedure. Finally, the humanized murine cell
lines hLDLR-hSR-BI-hCD81-hCLDN1-hOCLN/Hepal-6 (LSCCO/
Hepal-6) and hSR-BI-hCD81-hCLDN1-hOCLN/Hepal-6 (SCCO/
Hepal-6) that co-expressed DsRed and GFP were developed in
the CM containing 800 pg/ml of G418 and 6 pg/ml of puromycin.
Hepal-6 cells that were transiently transfected with plasmids
using Lipofectamine 2000 (Invitrogen) were used as a control.
Focus forming unit assay. LSCCO/Hepal-6 and SCCO/Hepal-6
cells were cultured overnight at 37°C and were then assessed us-
ing fluorescence microscopy. The cells were washed three times
with PBS and fixed for 15 min in 4% paraformaldehyde, and this
was followed by staining for 10 min with DAPIin the dark. The
humanized murine cells were visualized and photographed
using laser scanning confocal microscopy (Zeiss, Germany).
Western blot analysis. Humanized murine cells were col-
lected and lysed in RIPA buffer containing proteinase inhibi-
tors for 20 min at 0°C. Nuclei were removed by centrifugation
(12,000 rpm, 20 min) at 4°C. The supernatants were then heated
for 5 min at 100°C. Forty micrograms of proteins were loaded
onto 10% SDS-PAGE and then transferred onto PVDF mem-
branes. After blocking with 5% non-fat milk, the membranes
were incubated with the monoclonal antibody anti-SR-BI over-
night at 4°C. Subsequently, the membranes were incubated with
HRP-conjugated goat anti-rabbit or goat anti-mouse antibody
(1:2,000) for 1.5 h at room temperature (25°C). Finally, the chemi-
luminescent signal was detected using a chemiluminescence
HRP substrate (Millipore Corporation, Billerica, MA 01821 USA).
Quantitative real-time PCR.hLDLR, hSR-BI, hCD81, hCLDN1,
and hOCLN transcription levels in humanized murine cells
were analyzed by qRT-PCR. Briefly, total RNA was isolated using
TRIzol Reagent (Invitrogen, Carlsbad, CA, USA) according tothe

manufacturer's protocol. cDNA synthesis was performed using
a commercial reagent kit (ReverTra Ace gPCR RT Master Mix,
TOYOBO). PCR was performed using a SYBR-PCR kit (SYBRR
gPCR Mix, Toyobo). The parameters were as follows: 98°C for
2min, 40 cycles of 95°Cfor 5s,56°C for 20s,and 72°C for 15s. The
PCR assays were performed on a Bio-Rad CFX Manager machine,
and the data were analyzed using the internal software package.
Mouse GAPDH was used as the control.

The primers included:

hLDLR-forward: 5-CGACGTTGCTGGCAGAGGAAATGA-3,
hLDLR-reverse: 5-~AAGACCCCCAGGCAAAGGAAGACG-3}
hSR-BI-forward: 5-CGGATTTGGCAGATGACAGG-3,,
hSR-Bl-reverse: 5-GGGGGAGACTCTTCACACATTCTAC-3
hCD81-forward: 5-TGTTCTTGAGCACTGAGGTGGTC-3,
hCD81-reverse: 5-TGGTGGATGATGACGCCAAC-3
hCLDNI1-forward: 5'-CACCTCATCGTCTTCCAAGCAC-3,
hCLDNI1-reverse: 5-CCTGGGAGTGATAGCAATCTTTG-3;
hOCLN-forward: 5'-CGGCAATGAAACAAAAGGCAG-3,
hOCLN-reverse: 5-GGCTATGGTTATGGCTATGGCTAC-3
mGAPDH-forward: 5-~ACGGCCGCATCTTCTTGTGCA-3,
mGAPDH-reverse: 5-~ACGGCCAAATCCGTTCACACC-3.

Virus infection and luciferase assay. For synchronized infec-
tion, 3x10* humanized murine cells were seeded into 48-well
tissue culture plates overnight prior toinfection. The cells were
washed with cold DMEM without FBS,and HCVcc (1x10°pfu) or
diluted patient serum (1:10) was added to the wells. After 2 h of
incubation at 4°C, HCV binding of cells was assayed. Similarly,
the internalization of HCV into target cells was analyzed after
6hofincubation at 37°C. For assays using the Renilla luciferase
(Rluc) reporter HCVec, Rluc activity was measured with GloMax
96 luminometer to quantify HCVcc binding and internalization.
Luminescence values were expressed as relative light units
(RLU).HCVcc (genotype 1b)and HCV-sd binding and internaliza-
tion were evaluated according to the copy numbers of viruses
in RNA purified from cells as determined by qRT-PCR. The
reaction parameters were as follows: 94°C for 2 min, followed
by 50 cycles of 94°C for 30 s, 55°C for 20 s,and 72°C for 40's. The
primer sequences for the HCV genome included:

HCV-forward: 5-CTGTGAGGAACTACTGTCTTC-3,
HCV-reverse: 5'-CCCTATCAGGCAGTACCACAA-3.

Animal studies. BALB/c mice (female, 5-6 week-old) were
purchased from Vital River (Beijing, China). The mice were
housed under specific pathogen-free (SPF) conditions. The ani-
mal study was performed according to the protocols approved
by the Ethics Committee of the Beijing Institute of Transfusion
Medicine and the guidelines established by the Institutional
Animal Committee. Mice were injected by hydrodynamicinjec-
tion with lentivirus plasmids (1.25mg/kg) that encoded human
HCV receptors. At 72 h post-injection, mice were infected with
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Expression of human HCV entry factors in Hepal-6 cells trans-
duced with combinations of recombinant lentivirus expressing
hLDLR-hSR-BI-hCD81-GFP, hSR-BI-hCD81-GFP, and hCLDN1-
hOCLN-DsRed
(a) Flow cytometry analysis of the percent of GFP and DsRed posi-
tive cells. (b) Confocal microscopy of cells stably expressing hLDLR,
hSCARB], hCD81, hCLDNI, and hOCLN. (c) gRT-PCR analysis of
hLDLR, hSR-BI, hCD81, hCLDNI, and hOCLN mRNA levels. (d)

Western blot analysis of expression of hSCARBI.

10 ml/kg HCVcc or HCV-sd via the caudal vein. Total RNA was
isolated from mouse livers using TRIzol Reagent according to
the manufacturer's protocol at 6 h p.i. HCV entry factor mRNA
and virus copy numbers were quantified by gRT-PCR.

Statistical analysis. Data were presented as means with
standard deviations. Comparisons between groups were per-
formed using the LSD-t test. Differences among means were
considered significant at p <0.05.

Results
Establishment of humanized murine hepatocytes

Entry factors play important roles in HCV binding
and entry into target human hepatocytes. hSR-BI and
hLDLR are also critically important components of
HCV-sd infection that interact with LVPs. However,
murine hepatocytes lack these receptors. To humanize
mouse hepatocytes, we first established CO/Hepal-6 by
transfection with recombinant lentivirus particles ex-
pressing hCLDN1-hOCLN followed by a DsRed reporter.
The percentage of DsRed" cells represented transgenic
cells that expressed hCLDN1-hOCLN on their surfaces.
Approximately 96.6% of murine hepatocytes expressed
hCLDNI1 and hOCLN (Fig. 1a). Based on CO/Hepal-6 cell
lines, LSCCO/Hepal-6 and SCCO/Hepal-6 cells were trans-
fected with recombinant lentivirus particles expressing
hLDLR-hSR-BI-hCD81 or hSR-BI-hCD81. More than 85%
of murine hepatocytes expressed four entry factors or
five entry factors (Fig. 1a). Confocal microscopy results
indicated that GFP and DsRed proteins were co-localized
in the cytoplasm (Fig. 1b). qRT-PCR analysis revealed
that the desired genes were transcribed in humanized
murine hepatocytes (Fig. 1c). We investigated whether
the tandem expression of entry factors affected protein
activity using western blotting. hSR-BI expression was
observed in lysates from humanized murine hepatocytes
(Fig.1d). Taken together, these data indicate that human-
ized murine hepatocytes possessing entry factors have
been successfully established.

Expression of human factors on murine hepatocytes
results in observable susceptibility to HCV

To evaluate the utility of the developed cell models
for HCVinfection research, we challenged the transgenic
cell lines with standardly used HCVcc (genotype 2a) and
HCV-sd. An appropriate control isimportant for assessing
virus infection. As Huh7.5.1 cells significantly increased
HCVcc internalization (Fig. 2a), Huh7.5.1 cells were used
as a positive control during this study. Humanized mu-
rine hepatocytes displayed higher RLU values, while
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Hepal-6 cells maintained a basal level (Fig. 2b) at 6 h p.i.
Thisindicated that human factors in murine hepatocytes
upregulated HCVcc (genotype 2a) internalization by as-
sisting HCVcc (genotype 2a) entry. Furthermore, the same
trend was observed after humanized murine hepatocytes
were infected with HCV-sd. Compared to the other groups,
HCV RNA levels were increased significantly (p <0.05)
in LSCCO/Hepal-6 cells infected with HCV-sd (Fig. 2c).
This result implied that hLDLR was a key factor in HCV-
sd entry that functioned also for HCVcc (genotype 2a).
Moreover, HCV-NS3 was detected in LSCCO/Hepal-6 and
SCCO/Hepal-6 cells after HCVcc infection (Fig.2d). These
results indicated that humanized murine hepatocytes
supported HCVcc binding and internalization to target
cellsinamanner similar to that of HCV-sd. Moreover, the
magnitude of the increase was more robust in HCV-sd-
infected cells than in HCVcc-infected cells.

hSR-Bl is an indispensable factor for HCVcc (genotype
1b) infection in vitro

HCV 1b exhibits a high ratio in the general population
of mainland China. To further determine whether human-
ized murine hepatocytes promoted HCVcc (genotype 1b)
uptake, the cells were infected with HCVcc (genotype 1b).
HCV entry factors induced an increase in HCVcc (geno-
type 1b) internalization. However, HCVcc (genotype 1b)
entry was significantly decreased after humanized mu-
rine hepatocytes were exposed to anti-hSR-BI antibody
(Fig.3a). Theseresults confirmed that hSR-BI significantly
promoted virus entry compared to hLDLR (p <0.05). The
same results were obtained when Hepal-6 cells were
transfected with each factor plasmid (p <0.05) (Fig 3b).
Thus, hSR-BI could facilitate infectious HCVcc particle
entry in the presence of hCD81, hCLDN1, and hOCLN in
vitro. These observations suggest that hSR-BI predomi-
nantly mediates HCVcc (genotype 1b) particle binding
and entry into host cells.

The role of hSR-BI is more important than that of
LDLR in the HCV (genotype 1b) entry step in vivo

To estimate the hSR-BI determinants of HCV (genoty-
pelb)tropisminvivo, we generated transgenic humanized

Fig.2

Entry of HCVcc and HCV-sd in humanized murine hepatocytes
(a) Genotype 1b HCVcc infectivity of different cell lines. (b) Geno-
type 2a HCVcc entry assay in humanized murine hepatocytes. (c)
HCV-sd entry assay in humanized murine hepatocytes. (d) Western
blot analysis of the NS3 expression in HCV-infected humanized
murine hepatocytes.
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Genotype 1b HCVcc infectivity and SR-BI mAb inhibition of
Hepal-6 cells transfected with recombinant expression vectors
(a) Vectors expressing hLDLR-hSR-BI-hCD81-GFP, hSR-BI-hCD81-
GFP, and hCLDN1-hOCLN-DsRed fusion proteins. (b) Vectors ex-

pressing hLDLR, hSR-BI, hCD81, hCLDN1, and hOCLN.

mouse models expressing four or five human entry fac-
tors via hydrodynamicinjection. After 3 days, entry factor
mRNA was detected using qRT-PCR. Using this method,
we determined that human entry factors were success-
fully transcribed in the livers of transgenic humanized
mice (Fig. 4b). Furthermore, mice were inoculated with
HCVcc (genotype 1b) via the caudal vein at 72 h post in-
jection. All transgenic humanized mice expressing four
or five human entry factors could be infected, and in
these mice,the HCV RNA levels were significantly higher
than background. However, HCV infection was largely
inhibited by anti-SR-BI. Additionally, the same results
were obtained when mice were inoculated with HCV-sd
(Fig. &4c). In summary, these results indicate that hSR-BI
promotes HCV entry more efficiently than does hLDLR
in the presence of hCD81, hCLDN1, and hOCLN. Consist-
ent with the in vitro results, these findings confirm that
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Fig. 4

HCV infectivity assay in transgenic humanized mouse model
(a) Timeline for the administration of HCVcc and HCV-sd. (b) gRT-
PCRanalysis of hLDLR,hSR-BI,hCD81,hCLDN1,and hOCLN mRNA
levelsin thelivers of transgenic mouse models. (c) gRT-PCR analysis
of HCV RNA in mouse livers infected with HCVcc and HCV-sd.

hSR-BI is primarily associated with HCV (genotype 1b)
early infection and is more advantageous than hLDLR
with regard to virus cell entry.

Discussion

The current limited understanding of HCV entry
mechanisms has hampered the development of drug
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screening techniques and vaccine assessment. The HCV
life cycle consists of a complex process involving different
virus subtypes and hepatocytes. Viral subtypes and host
factors are closely associated with viral entry. The virus
tropism depends onits subtype, the amount of entry fac-
tors, the sequence, location, and other factors. It remains
difficult to delineate a clear interplay between HCV and
hepatocytes, a mechanism that is important for the ac-
curate treatment of patients.

Research has demonstrated that hCD81and hOCLN are
theminimal human factors required for HCV entryin vitro
(Ploss et al., 2009). hLDLR, hSR-BI, hCD81, hCLDN]1, and
hOCLN areall factors that assist HCV entry. However, only
hLDLR and hSR-BI are acknowledged as factors involved
inearly HCV attachment. hLDLR is an important factor in
HCV-sd entry owing to its interaction with LVPs. In this
study, we observed a greater amount of HCV-sd entry in
hLDLRtransgenic mouse hepatocytes. However,when the
hLDLR transgenic mouse hepatocytes were treated with
HCVcc, this phenomenon disappeared. This was ascribed
to the presence of HCV-sd in the lipoprotein-associated
forminthe serum. hSR-BI was identified as a co-receptor
for HCV entry according to binding assays using a soluble
form of E2 glycoprotein (Scarselli et al., 2002). hSR-BI is
a membrane glycoprotein that is highly expressed in
the liver and in steroidogenic tissues (Acton et al., 1996;
Landschulzet al., 1996; Krieger,1999). Several studies have
shown that it participates in high-density lipoprotein
(HDL) uptake (Herijgers et al., 2000; Van Eck et al., 2008)
and chylomicron metabolism (Outet al.,2004,2005). There
aretwo different binding sites in the extracellular domain
of SR-BI, a binding site for HDL and an LDL-binding site
that allows it to bind to a broad spectrum of ligands (Gu
etal.,2000). Antibodies against SR-BI have been shown to
inhibit HCV infection (Krzysztof et al.,2012). In the present
study, comparative binding assays were performed using
HCVcc (genotype 2a), HCVcc (genotype 1b), and HCV-sd.
Using humanized murine hepatocytes and transgenic
humanized mouse models, we demonstrated that hSR-
BI is an indispensable factor for the most prevalent 1b
genotype HCV adsorption. Furthermore, this attachment
could be completely prevented by treatment with mAb
targeting hSR-BIL.

In addition to entry factors, the HCV subtype is
another key element that influences virus infectivity.
The HCV 2a subtype is a traditional model virus used
for studying HCV susceptibility (Spearman et al., 2011
). However, the HCV 1b subtype has been reported to
rank first in terms of prevalence in the Chinese popula-
tion (Chen et al., 2017). HCV genotype 1b displays higher
genetic variability in the hypervariable region 1 (HVR1)
than do other genotypes (Janiak et al.,2019). The tropism
of the HCV 1b subtype requires further study. HCVcc

(genotype 1b) and the corresponding HCV-sd were also
used in our experiments. Surprisingly, we found that
hSR-BI was more effective than was hLDLR in assisting
HCV (genotype 1b) entry. Therefore, the role of hLDLR
was not prominent when host cells were infected with
HCV (genotype 1b).

In addition to the above aspects, HCV-existent forms
should be taken into consideration. The association of
HCVwithlipoproteinisthoughtto increase infection and
to allow for escape from immune detection, thus aiding
the virusin maintaining persistent infection (Bartoschet
al.,2005).In serum, HCV particlesinteract with VLDL and
become LVPs. VLDL contains two binding sites, including
a high-affinity binding site that exhibits several charac-
teristics of LDLR and another binding site that displays
several characteristics of a scavenger receptor class B
(Adelman and St, 1989). Therefore, both LDLR and SR-BI
areinvolved in LVP binding. Although hLDLR is relatively
crucial during HCV early infection, hSR-BI appears to be
the key factor affecting virus entry. We demonstrated that
hSR-Blis critically important for HCV (genotype 1b) infec-
tioninvivo and in vitro. Specifically, hSR-BI may function
to complete the functions of binding and entry in the
early life cycle of HCV (genotype 1b) particles. Not only
can hSR-BI bind to LVPs (Bartosch, 2009) and/or HVRI1 of
HCV E2 (Bartosch et al., 2005), but it also interacts with
HCV-CD81 (Dao et al., 2012).

In summary, we constructed recombinant murine
cell models of HCV infection in vitro that express mul-
tiple human HCV receptors. Then, a humanized in vivo
mouse model of HCV infection was constructed. The
murine models offer an ideal platform for the screening
and evaluation of antiviral drugs in the HCV early entry
step. Based on cell models, the function of LDLR has been
elucidated and exhibits a preferable participation for SR-
BI in HCV entry. Finally, we confirmed that SR-BI plays
an indispensable role in HCV infection and that LDLR
can promote virus particle entry. Furthermore, SR-BI
was found to be more important than was LDLR in early
HCV infection, particularly the HCV 1b genotype that is
predominant among the Chinese epidemic strains. Our
conclusions demonstrate that SR-BI may be an important
drug target for the effective prevention of HCV infection.
This provides further possibilities and a novel perspective
for HCV infection control.
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