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Synthesized peptide 710-725 from HCYV subtype 1a E2
glycoprotein blocks HCYV infection through
competitive binding of CD81
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Abstract. Hepatitis C virus (HCV) infection is a significant
public health problem worldwide. However, there is still a lack
of effective therapeutic drugs which could be used for the inter-
ruption of the disease. In the present study, for the first time,
we reported that a synthesized peptide, which was synthesized
by solid phase peptide synthesis and derived from the amino
acids 710 to 725 of the HCV E2, functioned as an inhibitor of
HCYV infection. Using an MTT assay, we found that the E2
(710-725) peptide exerted no specific cytotoxicity on Huh7.5
cells and primary human hepatocytes (pHH). Interestingly,
E2 (710-725) peptide blocked the entry of cell culture-derived
HCYV (HCVcc) into hepatocytes. Moreover, it suppressed HCV
RNA replication and HCV-specific protein NS3 and NS5B
expression, as shown by western blot analysis. Moreover,
E2 (710-725) markedly attenuated the inhibitory effect of
HCVcc on hepatocyte viability. Additionally, a co-immunino-
precipitation assay demonstrated that E2 (710-725) abrogated
the interaction between CD81 and HCV E2 envelope protein
through competitive binding of CD81. Overall, our results
revealed that the synthesized peptide E2 (710-725) blocked
CD81-mediated HCV entry and possessed the potential to
treat HCV infection. Thus, the present study provided novel
insights into the development of new drugs for preventing
HCYV infection.

Introduction

Hepatitis C virus (HCV) infection has become a global public
health problem worldwide: it infects approximately 3% of the
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population worldwide, which may eventually lead to hepatitis,
cirrhosis, and liver cancer (1). HCV, which is a member of the
Flaviviridae family, is a positive-stranded RNA with a high
infection rate (2). In recent years, with advances in knowledge
and technology, treatments for HCV infection have improved
to a certain degree (3,4). However, effective and secure thera-
peutic approaches are still lacking.

The HCV genome encodes a polyprotein of ~3,010 amino
acids, which is processed into core protein C, envelope glyco-
protein 1 (El) and 2 (E2), and non-structural proteins such as
non-structural proteins 3 and -5B (NS3 and NS5B) (5,6). Of
these proteins, it has been suggested that HCV E2 glycopro-
teins play an important role in regulating HCV entry (7). E2
is a transmembrane glycoprotein containing the amino acid
residues 384-746 that mediates HCV entry through interacting
with various surface receptors on hepatic cells, including CD81,
low-density lipoprotein receptor, scavenger receptor class B
type I (SR-BI), claudin 1, and occludin (8,9). CDS8I is the first
identified essential HCV receptor that has been extensively
studied (10,11). Various studies have suggested that targeting
and inhibiting CD81 inhibits HCV infection (8,12,13). Thus,
CDS81 may be a potential molecular target for developing novel
and promising anti-HCV therapies.

It has been suggested that the conserved E2 (502-520)
segment plays a critical role in cell entry by influencing
interaction with HCV receptors (14). Antibodies to the
E2 (412-423) regions have been reported to play broadly
neutralizing roles (15). Mutations of the two conserved histi-
dines (490 and 621) located in E2 have been noted to block
the binding of CD81 with the E2 protein (16). Albecka et al
have demonstrated that a segment from 705 to 715 located in
the stem region of E2 is involved in regulating HCV entry and
infection (17).

The use of synthesized peptide to inhibit HCV infec-
tion has been widely investigated. It has been suggested that
synthetic anti-lipopolysaccharide peptides bind to heparan
sulfate moieties on the cell surface and inhibit infection with
a variety of enveloped viruses, including HCV (18). Human
apolipoprotein E peptides were found to inhibit HCV entry by
blocking virus binding (19). Bukong et al reported that a novel
human radixin peptide suppressed HCV infection at the level
of cell entry (20). It has previously been noted that synthesized
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peptide C18 (WPWHNHR) with the highest affinity for binding
HCV E2 protein effectively inhibited HCV infection (21).

In the present study, we synthesized a short peptide of
E2 (710-725) from the E2 glycoprotein and investigated its
effects on HCV infection. The lack of a cell culture system
to maintain the effective various replications has been a
major obstacle for studying HCV. Usage of the developed cell
culture-derived HCV (HCVcc) has become a reliable system
for investigating HCV replication and infection (6,22,23). We
evaluated the possible role of the synthesized peptide E2 (710-
725) in HCV infection by using HCVcc. Our results showed
that treatment with E2 (710-725) dose-dependently decreased
HCVcc entry, RNA replication, and protein expression in
hepatocytes. Furthermore, the inhibitory effect of HCVcc on
hepatocyte viability was reversed by the synthesized peptide
E2 (710-725). Using a co-immunoprecipitation assay, we
found that the interaction between CD81 and HCV E2 was
interrupted by the peptide E2 (710-725). In addition, our
results indicated that the synthesized peptide E2 (710-725)
was not cytotoxic to hepatocytes. Taken together, our results
provided novel insights into the design of anti-HCV drugs,
and we suggest that the synthesized E2 (710-725) peptide is a
potential candidate for use in anti-HCV therapy.

Materials and methods

Cell culture. Human hepatoma Huh7.5 cells, which were
provided by Dr Charlie Rice (Rockefeller University, New York,
NY, USA), were maintained in Dulbecco's modified Eagle's
medium (DMEM,; Invitrogen, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (FBS) (Gibco Life Technologies,
Rockville, MD, USA), 2 mM L-glutamine, and 1% peni-
cillin and streptomycin. Primary human hepatocytes (pHH)
(purchased from Lonza, Basel, Switzerland) were grown in
Williams' medium E (AppliChem GmbH, Darmstadt, Germany)
containing 5% fetal calf serum, 1 uM dexamethason/fortecortin,
1 uM insulin, 1 mM sodium pyruvate, 4 mM L-glutamine, and
1% penicillin and streptomycin. All cells were cultured in a
humidified atmosphere containing 5% CO, at 37°C.

Peptide synthesis. The E2 (710-725) peptide representing
amino acids 710-725 of the E2 region from the HCV
subtype la (ASWAIK WEYVV LLFLL) was synthesized by
solid phase peptide synthesis, as previously described (24).
The protein sequences were verified by protein sequencing
(Protech, Suzhou, China).

HCVec production. In the present study, HCVcc was produced
according to a method previously described (6). Briefly, plasmid
pFLJ6/JFHI1 containing the full-length genomic cDNA of
HCV J6 and JFH-1 was linearized and used as the template for
transcription using an in vitro Megascript kit (Promega Corp.,
Madison, WI, USA) according to the manufacturer's instructions.
Thereafter, the in vitro transcribed RNA (25 pg) was delivered to
Huh7.5 cells (1.25x10°) by electroporation. After incubation for
8-12 days, the supernatants containing HCVcc were collected,
filtered (0.45 mm), and stored at -80°C for further use.

HCYV infection and evaluation. The viral RNA was extracted
using an RNeasy Qiagen kit (Qiagen, Dusseldorf, Germany).
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The viral RNA in collected supernatants was measured and
normalized for equal genome equivalents which were then
used to infect Huh7.5 cells and pHH in the presence or absence
of synthesized peptide. After an infection of 48 h, the cells
were harvested and lysed for luciferase activity assay
(Promega Corp.) according to the manufacturer's instructions.
The viral RNA was extracted from the cells and quantified
using reverse transcription-quantitative PCR (RT-qPCR)
according to a method previously described (25). The HCV
specific primers were as follows: 5-“AGCGTCTAGCCATGG
CGT-3' (forward) and 5-GGTGTACTCACCGGTTCCG-3'
(reverse). The relative gene expression was obtained by
normalization with GAPDH (forward, 5'-CGGATTTGGTCG
TATTGG-3' and reverse, 5'-AGATGGTGATGGGATTTC-3").

Cell viability assay. Cell viability was detected by MTT assay.
Briefly, cells were seeded in 96-well plates infected with HCVee
in the presence or absence of synthesized peptide. After incu-
bation for 72 h, the old medium was replaced by fresh medium
containing 20 yl MTT (Sigma-Aldrich, St. Louis, MO, USA)
solution (0.5 mg/ml diluted in PBS). After 4 h incubation, the
medium was discarded and 150 pl dimethyl sulfoxide was
added to dissolve the formazan crystals for 15 min. Finally,
absorbance at 490 nm was measured using a microplate reader
(Thermo Electron Corp., Vantaa, Finland).

Co-immunoprecipitation assay. Huh7.5 cells were infected
with HCVcc in the presence or absence of synthesized peptide
for 72 h. Subsequently, cells were harvested and lysed in
RIPA buffer (Beyotime Institute of Biotechnology, Haimen,
China) containing protein inhibitor in an ice bath for 30 min.
After centrifugation at 12,000 x g for 30 min, the supernatant
was collected. Protein A-Sepharose beads (GE Healthcare,
Piscataway, NJ, USA) mixed with a mouse monoclonal
anti-CDS8I antibody (sc-23962; Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA) were incubated with the lysis buffer for
1 h at 4°C. Mouse monoclonal IgG antibody (sc-69786; Santa
Cruz Biotechnology, Inc.) was used as control. Subsequently,
the antibody-beads mixture was added to the collected super-
natant and incubated for 2 h at 4°C followed by centrifugation
at 3,000 x g for 5 min. The bead complexes were then harvested
and washed three times with lysis buffer. The protein complexes
on the beads were eluted by boiling with sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
sample buffer and then separated by SDS-PAGE. The target
proteins were examined by western blot analysis.

Western blot analysis. Proteins were extracted from cells using
a total protein extraction kit (Applygen Technologies, Inc.,
Beijing, China). Protein concentrations in different samples
were detected using a BCA protein assay kit (Beyotime
Institute of Biotechnology). Equal amounts of protein (25 ug)
were separated by electrophoresis on 12.5% SDS-PAGE and
then transferred to nitrocellulose membranes (Miltenyi Biotec,
Auburn, CA, USA). After being blocked with 3% non-fat milk,
the membranes were blotted with primary antibodies at 4°C
overnight. Subsequently, the membranes were washed three
times with Tris-buffered saline with Tween-20. The secondary
antibodies conjugated with horseradish peroxidase (1:2,000;
BIOSS, Beijing, China) were added to the membranes and
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incubated for 1 h at room temperature. The band color
was developed with an enhanced chemiluminescence
reagent (GE Healthcare) according to the manufacturer's
instructions. The band intensity was quantified with Image-Pro
Plus 6.0 software (Media Cybernetics, Inc., Rockville, MD,
USA). In the present study, the primary antibodies anti-HCV
E2 (IT-004-005), anti-HCV non-structural protein 3 (NS3;
IT-004-014), and anti-HCV NS5B (IT-004-021) were purchased
from Immune Tech (New York, NY, USA); anti-CD81 (sc-9158)
and anti-GAPDH (sc-25778) were purchased from Santa Cruz
Biotechnology, Inc.

Statistical analysis. In the present study, all data are expressed
as the means =+ standard deviation (SD). The differences were
studied by one-way analysis of variance with SPSS software
package version 11.5 (SPSS, Inc., Chicago, IL, USA). Finally, a
P-value <0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Synthesized peptide E2 (710-725) is not cytotoxic to cells. To
explore the potential of the small molecular weight peptide
E2 (710-725) from HCV E2 to act as an inhibitor of HCV infec-
tion, we first assessed the toxicity of this heterologous protein
using an MTT assay. Huh7.5 cells were treated with different
concentrations of E2 (710-725) (50, 100, 150 and 200 pg/ml) for
24,48 and 72 h. The results demonstrated that the synthesized
peptide E2 (710-725) had no obvious cytotoxicity for Huh7.5
cells at any concentration (Fig. 1A). Furthermore, even with
increases in time, E2 (710-725) was not cytotoxic to Huh7.5
cells (Fig. 1A). Similarly, no cytotoxic effect was observed in
pHH treated with different concentrations of E2 (710-725) for
24,48 and 72 h (Fig. 1B). The data excluded the possibility that
the suppression of HCVcc infection was due to toxicity of the
heterologous protein.

We hypothesized that the synthesized peptide E2 (710-725)
blocks the infection of HCVcc. Thus, we evaluated the effect
of E2 (710-725) on the entry of HCVcc into hepatocytes.
Huh7.5 cells were administrated with 50% tissue culture infec-
tive dose (TCID50) of HCVcc plus different concentrations of
the E2 (710-725) peptide. Since HCVcc carries the luciferase
gene, we measured luciferase activity to assess the entry of
HCVcc. The results showed that the E2 (710-725) peptide
significantly inhibited luciferase activity in a dose-dependent
manner in Huh7.5 cells infected with HCVcc for 72 h (Fig. 2A).
The results were further validated using pHH: the luciferase
activity was also dose-dependently decreased by treatment
with different concentrations of E2 (710-725) peptide (Fig. 2B).
These results showed that the synthesized peptide E2 (710-725)
blocked the entry of HCVcc into hepatocytes.

Synthesized peptide E2 (710-725) inhibits HCV RNA and
HCV-specific protein expression. To further validate the
inhibitory effect of the E2 (710-725) peptide on HCVcc
infection, we detected HCV RNA expression in the infected
cells treated with different concentrations of E2 (710-725)
peptide. The RT-qPCR results showed that the E2 (710-725)
peptide significantly reduced intracellular HCV RNA expres-
sion in Huh7.5 (Fig. 3A) cells in a dose-dependent manner.
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Figure 1. E2 (710-725) peptide is not cytotoxic to hepatocytes. Detection of
the cytotoxicity of the synthesized peptide E2 (710-725) to Huh7.5 cells (A)
and primary human hepatocytes (pHH) (B) using an MTT assay. Cells were
treated with different concentrations of the peptide E2 (710-725) (50, 100,
150 and 200 pg/ml) and incubated for 24, 48 and 72 h. Data are represented
as the percentage of MTT reduction, assuming that the absorbance of con-
trol cells was 100%. Cells treated with PBS were used as the control. Each
experiment was performed in triplicate.

Furthermore, the expression level of HC V-specific proteins NS3
and NS5B was examined by western blot analysis (Fig. 3B). The
results demonstrated that the protein expression of NS3 and
NS5B (Fig. 3C and D) in Huh7.5 was also markedly reduced
by the synthesized peptide E2 (710-725) in a dose-dependent
manner. These results further confirmed that the synthesized
peptide E2 (710-725) inhibited HCV infection.

Synthesized peptide E2 (710-725) attenuates the inhibitory
effect of HCVcc on hepatocyte viability. To further assess the
role of the synthesized peptide E2 (710-725) as an effective
inhibitor of HCVcc infection, we examined its effect on cell
growth arrest induced by HCVcc. The results showed that
HCVcc infection significantly decreased the cell viability of
Huh7.5 cells, which was then reversed by E2 (710-725) treat-
ment in a dose-dependent manner (Fig. 4A). Moreover, the
E2 (710-725) peptide also significantly attenuated the inhibition
of hepatocyte viability induced by HCVcc infection in pHH
in a dose-dependent manner (Fig. 4B). In summary, our data
suggested that the synthesized peptide E2 (710-725) effectively
blocked HCVcc infection. In order to gain a better under-
standing of the underlying mechanism of the E2 (710-725)
peptide in preventing HCVcc infection, we performed subse-
quent experiments.

We hypothesized that the synthesized peptide E2 (710-725)
abrogates the interaction between CD81 and HCV E2 enve-
lope protein. CD81 has been suggested to act as an essential
HCV receptor that interacts with HCV E2 envelope protein for
subsequent HCV entry (10,26). In order to investigate whether
the E2 (710-725) peptide derived from the HCV E2 protein
blocked interaction between CD81 and the HCV E2 protein,
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Figure 2. E2 (710-725) peptide blocks the entry of cell culture-derived HCV (HCVcc). Detection of the effect of E2 (710-725) on the luciferase activity in
Huh7.5 (A) and primary human hepatocytes (pHH) (B) cells infected with HCVcc. After incubation with different concentrations of E2 (710-725) peptide for
72 h, cells were harvested, lysed and detected using luciferase activity assay. “p<0.05, “p<0.01 vs. PBS.
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Figure 3. E2 (710-725) peptide reduces cell culture-derived hepatitis C virus (HCVcc) infection. (A) RT-qPCR analysis of HCV RNA expression in Huh7.5 cells.
Cells were infected with HCVcce plus different concentrations of the E2 (710-725) peptide for 72 h before they were harvested for analysis.(B) Western blot analysis
of the expression of non-structural protein 5B (NS5B) and non-structural protein 3 (NS3) proteins in Huh7.5 cells. The relative protein expression level of NS5B (C)
and NS3 (D) was quantified with Image-Pro Plus 6.0 software and normalized to GAPDH. n=3 independent experiments; “p<0.05, ““p<0.01 vs. PBS.

we performed a co-immunoprecipitation assay. Thus, using
the CD81 antibody, we analyzed HCV E2 protein expression
in the immune complex by western blot analysis. The results
showed that HCV E2 protein expression was significantly
reduced in the immune complex from cells treated with
E2 (710-725) whereas CD81 protein expression level was
barely altered (Fig. 5). The results suggested that E2 (710-725)
competitively binds to CD81, and thus interrupted the interac-
tion between CD81 and HCV E2 envelope protein by which
E2 (710-725) blocked HCV cell entry.

Discussion

In the present study, we demonstrated that the synthesized
peptide E2 (710-725) markedly inhibited HCV infection,

possibly due to its ability to disrupt the interaction between
the HCV E2 envelope protein and CDS1 receptor. The results
suggest that the segment from 710-725 amino acid residues of
E2 plays an important role in regulating HCV entry.

Previous research has proposed that the HCV E2 envelope
protein plays a major role in regulating HCV entry into cells (7).
It has been reported that W420, Y527, W529, G530 and D535
in the E2 protein are the critical binding sites for the CD§1
receptor (27). The E2 (436-443) motif plays an important role in
viral entry in a CD81-dependent manner (28). The conserved E2
(502-520) segment has been suggested to play a critical role in
cell entry by influencing the interaction with HCV receptors (14).
Mutations of the two conserved histidines (490 and 621) located
in E2 have been shown to block the binding of CD81 with the
E2 protein (16). Albecka et al have demonstrated that a segment
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Figure 4. E2 (710-725) peptide maintains cell viability in response to hepatitis C virus (HCV) infection. We detected cell viability of Huh7.5 cells (A) and
primary human hepatocytes (pHH) (B) with an MTT assay. Cells infected with HCVcc were treated with different concentrations of the peptide E2 (710-725)
(50, 100, 150 and 200 pg/ml) for 72 h. Results were expressed as the percentage of MTT reduction, assuming that the absorbance of the control cells was 100%.
Untreated cells were used as the control. Each experiment was performed in triplicate. “p<0.01 vs. untreated; “p<0.05, “p<0.01 vs. HCVcc+PBS.
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Figure 5. E2 (710-725) peptide blocks the interaction between CD81 and hepatitis C virus (HCV) E2 envelope protein. (A) Detection of the protein expression
in the co-immunoprecipitation complex by western blot analysis with indicated antibodies. Huh7.5 infected with cell culture-derived HCV (HCVcc) were
treated with 200 pg/ml of E2 (710-725) peptide for 24 h. Cells were then harvested, lysed, and prepared for immunoprecipitation with anti-CD81 antibody. IgG
antibody was used as the control bait antibody. (B) The relative protein expression level of CD81 and E2 in the immune complex was measured with Image-Pro

Plus 6.0 software and normalized to GAPDH. “p<0.01.

from 705 to 715 located in the stem region of E2 is involved in
regulating HCV entry and infection (17). However, the majority
of studies have focused on the N-terminal and core region of
E2 (27,28). It remains largely unknown whether the amino
acid sites located in the carboxyl terminus of E2 play a role in
regulating HCV entry. In the present study, we synthesized a
peptide from 710-725 amino acids of E2 and investigated its
effect on HCV infection. We observed that the E2 (710-725)
peptide blocked HCV infection in both human hepatoma
Huh?7.5 cells and also pHH. Our data suggest that the amino acid
residues in the carboxyl-terminal of the HCV E2 protein also
play an important role in terms of regulating HCV infection.
To date, various cell surface receptors have been identified
as HCV entry receptors, including CD81, low-density
lipoprotein receptor, SR-BI, claudin 1 and occludin (8,9). Of
these receptors, CD81 is the first identified HCV receptor which
interacts with the HCV E2 protein to facilitate the endocytosis
of HCV (10,11). Numerous studies have aimed to target CD81
to block HCV infection (12,29-31). It has previously been

reported that blocking CD81 using anti-CD81 monoclonal
antibodies dose-dependently inhibited HCV entry (12,29).
Furthermore, treatment with anti-CD81 monoclonal antibodies
has been noted to effectively prevent HCV infection and spread
in chimeric mice with human liver (30). Notably, the silencing
of CD8I1 by small interfering RNA significantly suppressed
HCV pseudotype infection in Huh7.5 hepatoma cells, whereas
overexpression of CD81 in infection-resistant human liver
cells promoted HCV infection (29). More recently, it has
been reported that microRNA-194 functions as a hepatocyte
gatekeeper that blocks HCV entry by targeting and inhibiting
CDS8I expression (31). Additionally, it has also been suggested
that CD81 plays an important role in HCV replication (32).
Cells exhibiting low expression of CD81 had limited replication
capacity, which was restored by overexpression of CD81 (32).
In the present study, we demonstrated that the E2 (710-725)
peptide is capable of blocking the interaction between CD81
and the HCV E2 protein, and this leads to inhibition of HCV
entry and infection.
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The potential use of synthesized peptides to treat
HCYV infection has previously been studied. For example,
Krepstakies et al have reported that synthetic anti-lipopolysac-
charide peptides bind to heparan sulfate moieties on the cell
surface and inhibit HCV infection (18). It has also been noted
that the human apolipoprotein E peptide directly blocked
the binding of HCV to hepatocytes (19). A human radixin
hinge region peptide has been demonstrated to inhibit HCV
infection through disrupting HCV engagement of CD81 (20).
Interestingly, a synthesized peptide C18 (WPWHNHR) with
the highest affinity for binding HCV E2 protein has been
demonstrated to be capable of inhibiting HCV infection (21).
In the present study, we detected the effect of the synthesized
peptide from HCV E2 glycoprotein and observed that this
peptide blocked HCV cell entry and also inhibited HCV infec-
tion. Our results indicated that the synthesized E2 (710-725)
peptide serves as a potential candidate for anti-HCV therapy.

Previous research has focused on HCV E2 in order to
develop new and potentially therapeutic drugs for the treat-
ment of HCV infection. For instance, it was previously noted
that blocking the signaling lymphocytic activation molecule
family 3 expression on the hepatocytes by specific antibody
abrogated its interaction with HCV E2, thus leading to the
inhibition of HCV entry (33). A new compound, 281816, has
been screened using surface plasmon resonance detection,
which binds the HCV E2 protein and blocks E2 binding to
CD81 and inhibits HCV infection (34). In the present study,
we demonstrated that the peptide E2 (710-725) derived from
the HCV E2 protein acted as an inhibitor of HCV E2 entry,
and we also provided useful insights which should be utilized
to fiurther the development of new drugs for preventing HCV
infection. Moreover, we confirmed that the synthesized peptide
E2 (710-725) exerted no cytotoxicity and has the potential to
be used for the treatment of HCV infection. However, further
studies are needed to investigate its safety and effectiveness
using in vivo animal models.
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