signals that profoundly affect DC functions towards
CD4* CD25% Treg cells. Because NK cell functions are
regulated by the balance between inhibitory and activating
signals, any future clarification of the role of other NK
inhibitory and activating receptors in DC modulation and
Treg cell activation will be of great interest.

The cross-presentation of self-antigens by major histo-
compatibility complex (MHC) class II pathways consti-
tutes an important step towards generating and/or
expanding peripheral Treg cells.®® However, we initially
settled our experimental design by using DCs and Treg
cells from different donors, and DCs encountered CD4*
T cells in an ‘antigen-free” condition. Therefore, Treg cells
induced by NK/NH-primed DCs are generated independ-
ently of MHC class II-mediated self-antigen recognition.
These results give rise to the possibility that the cross-talk
of NK cells, DCs and hepatocytes represents an alternative
pathway in the generation and expansion of peripheral
Treg cells. However, it should be noted that these results
may not apply to all donors because of the complexity of
the allogeneic system and the relatively few donors tested,

PD-1-mediated suppressive activities were characteristic
for CD4* CD25" Treg cells generated by NH/IL-2 NK-
primed DCs. By contrast, natural CD4™ CD257 Treg cells
exerted their suppressive function, at least in part, in a
CTLA-4-dependent fashion. Recent reports have clarified
the existence of two subtypes of Treg ceils: natural and
inducible CD4* CD25" Treg cells. Inducible Treg cells
exert suppressive activities by using molecular mecha-
nisms distinct from those of matural regulatory celis.'
Qur findings further identify the novel pathways by which
inducible CD4* CD25% Treg cell activities triggered by
NKG2A inhibitory signals are dependent on PD-1-medi-
ated negative costimulation. A recent report identified the
interaction of B7 an effector T cells with costimulatory
molecules CD28/CTLA-4 on CD4" CD25" Treg cells as
molecular mechanisms of their suppressor activity.”
Thus, it is possible that reverse signalling of PDL-1 on
effector cells may also be crucial for the negative costimu-
lator-mediated suppressive action of CD4* CD25% Treg
cells. In the present study, we did not address the mecha-
nisms by which NH/IL-2 NK-primed DCs induce
CD4* CD25" Treg cells with PD-1-dependent suppressive
functions. Further study will be needed to clarify this
issue,

We previously showed that NKG2A is expressed at
higher levels from NK cells isolated from peripheral biood
in patients with chronic hepatitis C virus (HCV) infection
than from those in healthy donors.*® HCV frequently per-
sists in humans, at least in part, due to inefficient induc-
tion of NK activity as well as specific T cell responses.®>
The small percentage of patients who spontaneously clear
the virus and recover from chronic hepatitis C mount vig-
orous HCV-specific CD4" and CD8* T cell responses.”®*’
Research has described an increased frequency of CD4”

© 2006 Blackwell Publishing Ltd, immunology, 120, 73-82
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CD25" T cells in the blood of patients with persistent
HCV infection compared with those who have spontan-
eously cleared HCV.*®*® Qur current findings raise the
interesting possibility that increased NKG2A expression
on NK celis may lead to DC-mediated induction of Treg
cells, leading to the inhibition of adaptive responses to
HCV and failure to eliminate this virus. Indeed,
CD4" CD25" T cells induced by HCV-NK/Hep3B hepa-
toma cell-primed DCs expressed and suppressed effector
T cell functions at greater levels than those induced by
N-NK/Hep3B-primed DCs {(our unpublished data). Inter-
estingly, a recent study identified PD-1-mediated signals
as a critical pathway to induce anergic CD8" T cells and
impair antiviral CTIL responses in chronic viral infec-
tion.” In this regard, the therapeutic modification of
the PD-1 pathway may synergistically augment antiviral
immunity by suppressing Treg activity and recovering
CTL responses. It is important to establish whether the
PD-1 pathway in liver lymphocytes may be operable
in vive and play a critical role in suppression of virus-spe-
cific immunity in HCV infection.

In conclusion, we have demonstrated that interaction of
NK cells and hepatic cells via NKG2A leads to DC induc-
tion of CD4" CD25" T cells with PD-1-dependent regula-
tory activities. These findings also imply that NK receptor
signals of NK cells may dictate DC-mediated adaptive
immune responses towards tolerogenic or immuno-
genic status via induction of Treg cells.
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Abstract: Previously, we found that bovine and human lactoferrin {LF) specifically inhibited bepatitis C
virus (HCV} infection in cultured non-neoplastic human hepatocyte-derived PHSCHS cells, and we iden-
tified 33 amino acid residues (termed C-s3-33; amino acid 600—632) from human LF that were primarily
responsible for the binding activity to the HCV E2 envelope protein and for the inhibiting activity against
HCY infection. Since the anti-HCYV activity of C-s3-33 was weaker than that of human LF, we speculated
that an increase of E2 protein-binding activity might contribute to the enhancement of anti-HCV activity.
To test this possibility, we made two repeats [(C-s3-33).] and three repeats [(C-53-33);] of C-s3-33 and char-
acterized them. Far-Western blot analysis revealed that the E2 protein-binding activities of (C-s3-33),
and (C-53-33), became stronger than that of the C-s3-33, and that the binding activity of (C-s3-33); was
stronger than that of (C-s3-33),. Using an HCV infection system in PHSCHS cells, we demonstrated that
the anti-HCV activities of (C-53-33), and (C-s3-33), became stronger than that of the C-s3-33. Further-
more, using a recently developed infection system with a VSV pseudotype harboring the green fluorescent
protein gene and the native E1 and E2 genes, we demonstrated that the antiviral activities of (C-53-33), and
(C-53-33); were stronger than that of C-s3-33. These results suggest that tandem repeats of LF-derived
anti-HCYV peptide are aseful as anti-HCV reagents.

Key words: Hepatitis C virus, Lactoferrin, Anti-HCYV peptide, E2 protein-binding activity

Hepatitis C virus (HCV) infection frequently causes
chronic hepatitis, which progresses to liver cirrhosis
and hepatocellular carcinoma {28). HCV is an
enveloped positive single-stranded RNA (9.6 kb) virus
belonging to the Flaviviridae. The HCVY genome
encodes a large polyprotein precursor of about 3,000
amino acids (aa), which is cleaved by the host and viral
proteases into at least 10 proteins: the core, envelope |
(ED), E2, p7, and non-structural 2 (NS2). NS3, NS4A,
NS4B. NSSA, and NS5B (7, 8. 18). These HCV pro-
teins function not only in virus replication but may also
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affect a variety of cellular functions, including gene
expression, signal transduction, and apoptosis {1, 17).

Approximately 170 million people worldwide are
infected with HCV (32). The combination of a pegylat-
ed interferon with ribavirin is the current standard thera-
py for chronic hepatitis C and yields a sustained viro-
logical response rate of about 55% (6). This means that
about 45% of patients with chronic hepatitis C are still
threatened by the progress of the disease to cirrhosis
and hepatoceliular carcinoma.

Although the entry mechanism of HCV remains
unclear, to date, several candidates for HCV receptors

Abbreviations: aa, amino acids: DMEM. Dulbecco’s maodified
Eagle's medium; E2, envelope 2: GFP. green fiucrescent pro-
wein: HCV, hepatitis C virus: LF. lactoferrin: MBP. maltose-bind-
ing protein; NS2, non-structural 2; TF, wransferrin: VSV, vesicu-
tar stomatitis virus.



118 K. ABEET aL

have been reported: CD81, the scavenger receptor class
B type [, the mannose-binding lectins DC-SIGN and L-
SIGN, low-density lipoprotein receptors, ete. (4). Most
of them have been identifled as interacting materials
with a soluble and truncated form of the HCV E2 pro-
tein, because of the lack of efficient HCV proliferation
in cell cultures, although several culture systems using
PCR for detection of HCV infection have been reported
(200). However, a major advance in investigating HCV
entry has been achieved by the development of pseudo-
type viruses bearing HCV El and E2 proteins assem-
bled onto retrovirus particles (2, 9) or vesicular stomatj-
tis virus (VSV) particles (3, 23, 30). Extensive charac-
terization of the pseudotype viruses has shown that
these mimic the early steps of the HCV life cycie. This
system has allowed the study of the role of candidate
receptors in the early steps of HCV infection (4).

We previously found that bovine and human lactofer-
ring (L.Fs) specifically prevented HCV infection in cul-
tured human non-neoplastic hepatocyte PHSCHE cells
using the PCR method for detection of HCV infection
(10. 12). Regarding these findings, some clinical studies
have demonstrated that monotherapy with bovine LF
improves the seram HCV RNA and/or alanine amino-
transferase levels in patients with chronic hepatitis C
{15, 16,27, 31).

LF is an 80-kDa mammalian iron-binding glycopro-
tein and consists of two homologous globutar lobes (an
N-iobe and a C-lobe). each with a single iron (Fe™)
binding site. It is structurally related to the plasma
iron-transport protein transferrin (TF). LF’s biological
roles include activities in the host defense mechanism as
well as in iron metabolism (21, 22). Unlike TF, LF is a
primary defense protein against microbial infection. LF
possesses strong bacteriostatic and bactericidal activi-
ties against pathogenic bacteria, as well as inhibitory
activity against pathogenic viruses (5, 21, 22, 33).

LF’s preventive mechanism against HCV infection
has been thought to be the direct interaction between
LF and HCV; indeed, by Far-Western biot analysis
using thioredoxin-fused LF fragments expressed in
Escherichia coli (E. colfi) and the seluble E2 protein
expressed in Chinese hamster ovary cells, we demon-
strated that the 93 carboxyl aa of LF (human, bovine,
and horse), termed C-s3, specifically bound to the E2
protein (25). On the other hand, Yi et al. (34) indepen-
dently reported that the E1 and E2 proteins could bind
to human and bovine LFs, although the binding region
of LF was not identified. Furthermore, we identified
the 33 aa of human LF (termed C-s3-33; aa 600-632).
which was primarily responsible for the E2 protein-
binding activity, and demonstrated that maltose-binding
protein {MBP)-fused C-s3-33 prevented HCV infection

in PH5SCHS hepatocyte cells (25). However, the E2
protein-binding activity and the anti-HCV activity of C-
$3-33 were obviously weaker than those of human LF.
Therefore, we presumed that the increase of the E2 pro-
tein-binding activity would lead to the enhancement of
anti-HCV activity.

To evaluate this idea, we made tandem repeats of C-
§3-33, and compared their E2 protein-binding activities
and anti-HCV activities with those of the C-s3-33.
Here, we report our findings that the anti-HCV activity
of the tandem repeats were stronger than that of the
monomer when accompanied by the enhancement of
the E2 protein-binding activity, by analyses using not
only the HCV infection system but also the infection
systermn of a VSV pseudotype bearing the native forms
of HCV E1l and E2 proteins.

Materials and Methods

Cell cultures.  Simian virus 40 large T antigen-
imunortalized non-neoplastic human PH5CHS hepato-
cytes were maintained as described previously (11, 24).
Human hepatoblastoma HepG2 cells were maintained
in Dulbecco’s modified Eagle's medium (DMEM) sup-
plemented with 10% fetal bovine serum.

Construction of expression plasmidys for E. coli. The
pPMAL-c2X (hLF600-632) (25) expression plasmid for
the MBP-fused C-53-33 LF fragment, was used as a
template for the PCR using a primer set of hLFB6 5-
TCGATAGGATCCGTGGTOTCTCGGATGATAAGG-3'
containing the BarmHI recognition site (underlined) (25)
and 632R6A 5-ATCCATCCOAGACACCA-
CAAACTTGTCCGGGCAGTCAGATCC-3" contain-
ing an extra 18 nts (underlined) encoding the amino-
terminal 6 aa of the C-s3-33 LF fragment. After PCR
(20 cycles} using KOD-plus DNA polymerase (Toyobo,
Osaka, Japan), the amplified PCR product was used as a
template for a second PCR using the primer set of
hLFB6 and 632R S-TAATAAAGCTTT-
TAAAACTTGTCCGGGCAGTCAGATCC-3' contain-
ing the Hindlll recognition site (underlined) (25). After
PCR (35 cycles) using KOD-plus DNA polymerase,
amplified PCR preducts (approximately 200 bp for the
two-repeat form and approximately 300 bp for the
three-repeat form) were subcloned into the BamHI and
Hindlll sites of pMAL-c2X. and were used as expres-
ston plasmids for the production of the MBP-fused (C-
§3-33); and {C-53-33)-

To prepare an expression plasmid for the production
of the MBP-fused C-s3-33-relevant fragment (aa
587-619) of human TE pCXbsi/huTF (29) encoding
full-length human TF was used as a template for the
PCR using a primer set of hTFES87F 5-TGATAG-
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GATCCGTGGTCACACGG-3' containing the BamHI
recognition site (underlined) and hTFG6I9R 5*-
TAATAAAGCTTTTAAAAGTTGCCCG-3" containing
the Hindlll recognition site {underlined). After PCR
(35 cycles) using KOD-plus DNA polymerase, the
amplified PCR product was subcloned into the BamHI
and Hindlll sites of pMAL-c2X, and was used as the
expression plasmid.

Expression and purification of the MBP-fused pro-
tein. Expression and purification of the MBP-fused LF
fragment JC-s3-33, (C-s3-33);, or (C-83-33):] or the
MBP-fused C-s3-33-relevant fragment of human TF
were carried out as described previously (25). Briefly,
the expression plasmid for MBP-fused protein was
transformed into the E. coli strain JM 109, The transfor-
mants were cultured at 37 C for several hours, and the
harvested cells were sonicated. Afier removal of insol-
uble cellular debris by centrifugation, the supernatant
obtained as the soluble fraction was applied onto an
amylose resin affinity column (New England Biolabs) to
obtain the MBP-fused protein. The purity of the
obtained MBP-fused protein was evaluated to be more
than 93% by electrophoresis on 109% SDS-PAGE gels.
The concentration of the purified MBP-fused protein
was determined by using Coomassie protein assay
reagent (Pierce). The MBP2 (43 kDa) produced from
the pMAL-c2X with a stop codon inserted into the
Xmnl site was used as a control protein.

Far-Western blot analysis. Far-Western blot analysis
was carried out as described previously (25). Briefly,
0.5 ug of human LF, MBP2, and MBP-fused LF frag-
ments were resolved by 0% SDS-PAGE and trans-
ferred to polyvinylidene difluoride membranes. After
blocking with N-buffer (25), a binding reaction was
carried out using the secreted form of the E2 protein
{E2-681) consisting of aa 384-68] expressed in Chi-
nese hamster ovary cells as a probe {14). and then rat
monoclenal antibody, MO-12 (13). against E2 protein
was used for the detection of E2 protein-bound MBP-
fused LF fragmenis.

Assay for anti-HCV activity of MBP-fused prorein.
An assay for anti-HCV activity of the MBP-fused LF
fragment was carried out by the method described pre-
viously (25). Briefly, 2 i (2X10' HCV) of the HCV-
positive serum HCV-O (previpusly described as 1B-2
(19)) (genotype Ib) and the MBP-fused LF fragment
(final concentration, 0.5, 1.0, and 2.0 mg/ml) were pre-
incubated for 60 min at 4 C and then inoculated onto to
the PHSCHS celis (1.5 10" cells were culiured for 2
days before viral inoculation on a 96-well plate). After
incubation of the cells for 90 min at 37 C. the cells
were washed three times with PBS and further cultured
for 1 day at 32 C. Cellular RNA (0.5 pg) prepared by

ISOGEN extraction kit (Nippon Gene Co., Toyama,
Japan) was used for the guantitative analysis of HCV
RNA using LightCycler PCR as described previously
(26). As the positive and negative controls for anti-
HCV activity, human LF and MBP2, respectively, were
used.

Assay for anri-VSV pseudotype activity of MBP-fused
protein.  For this assay, the VSV pseudotype
YSVAGH(HCV), bearing the native forms of HCV E]
and E2 proteins from the O strain (19}, was used.
VSVAGHHCV) was prepared by introducing the
native form of El and E2 proteins into recombinant
V8V, VSVAG*, which harbors the green fluorescent
protein (GEP) gene instead of the VSV G envelope pro-
tein gene (30). An assay for the anti-VSV pseudotype
activity of the MBP-fused LF fragment was carried out
by a method described previously (30). Briefly,
VSVAGHHCV) (Approximately 100 1W/assay) was
pre-incubated with the MBP-fused LF fragment (final
concentration, 0.1-1.0 mg/mi} at 37 C for 60 min and
inoculated onto PH5CHS8 or HepG2 cells (1.5 10
celis were cultured for 2 days before viral inoculation on
a 96-well plate). After incubation of the cetls for 90
min at 37 C, the cells were washed with DMEM three
times and incubated with fresh culture medium.
VSVAG*G was used as & control in this assay. After 24
hr of incubation, each infectious titer was determined
by counting the number of GFP-expressing cells under a
fluorescence microscope. As the positive and negative
controls for the assay, human LF and MBP2 were used,
respectively. Human TF and an MBP-fused C-s3-33-
relevant fragment of human TF were also used for the
assay.

Results

Two and Three Repeats of the Human LF Fragmenr (C-
§3-33) Strengthened the E2 Protein-Binding Acriviry
Previously we found that bovine and human LFs pre-
vented HCV infection in PHSCHS cells via direct inter-
action between LF and HCV (10, 12), and we further
identified 33 aa residues (C-s3-33: aa 600-632 of
human LF) as an essentiai and minimum domain pos-
sessing hinding activity for the HCV E2 protein (secret-
ed form consisting of aa 384-681) and inhibiting activi-
ty against HCV infection (25). This result suggested
that the E2 protein-binding activity contributes to the
anti-HCV activity. However, the E2 protein-binding
activity of C-53-33 was somewhat weaker than that of
human LF {25). and the anti-HCV activity of C-s3-33
(1C4=20 uM) in the infection system using PHSCHS§
cells was also weaker than that of human LF (1C,=35
uM) {25). To improve these points. we first tried to
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enhance the E2 protein-binding activity of C-s3-33 by
the multplication of C-s3-33.  [aitially, we made
pMAL-c2X-based expression vectors encoding two,
three, and four repeats of C-s3-33 as MBP-fused pro-
teins, and then expressed them in E. coli. 'We success-
fully purified two repeats {C-s3-33), and three repeats
(C-83-33); of C-53-33 as solubie forms of the MBP-
fused protein; the purification of the four repeats of C-
§3-33 failed due to problems with solubility. Using the

K. ABE ET AL

MBP-fused C-s3-33, (C-53-33), and (C-s3-33);, we per-
formed Far-Western blot analysis to compare their E2
protein-binding activities. The result revealed that the
E2 protein-binding activities of (C-s3-33), and (C-s3-
33); became stronger than that of the C-s3-33, and the
binding activity of (C-s3-33); was stronger than that of
(C-s3-33), (Fig. ). Although the E2 protein-binding
activity of C-3-33 was weaker than that of human LF,
the binding activities of (C-s3-33), and {C-s3-33h

MBP-fused
<
N P A
5 15 . 0y 0y
& & & o o
RN < \S N\
E2 + .
A
E2-
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Fig. 1. Comparison of the E2 protein-binding activities of MBP-fused C-53-33, (C-53-33)., and {C-53-33).. MBP-fused
C-53-33, (C-53-33}, and {C-53-33)% (0.3 ug each) were resolved by 10% SDS-PAGE. Human LF and MBP2 {0.5 g
eachy were also used for the assay as control materials. Far-Western blot analysis using the E2 protein expressed in
Chinese hamsler ovary cells { 14) as 2 prabe was performed as deseribed under “Materials and Methods.  Rat mono-
clonal antibody MO-12 (13) against the E2 protein was used for the detection of the E2 protein bound to MBP-fused
C-53-33, (C-53-33),, and (C-s3-33). as well as human LF. Far-Western blot analysis in the absence of the E2 protein
was also performed. The bottom panel shows the results for human LF, MBP2, and MBP-Tused C-3-33, (C-53-33),,
and {C-s3-33); detected by staining with Coomassie Brilliant Blue.
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became comparable with that of human LF (Fig. 1). To
exclude the possibility of cross-reactions between C-s3-
33 and the anti-E2 antibody, we performed a Far-West-
ern blot analysis in the absence of the E2 protein. No
significant bands were obtained in this control experi-
ment (Fig. 1), The Far-Western blot analysis using nor-
mal rat serum instead of anti-E2 antibody also detected
no significant bands (data not shown}. These results
suggest that the specific E2 protein-binding activities of
{C-53-33), and (C-s3-33), increase with the degree of
multiplication of C-s3-33.

{(C-$3-33), and (C-$3-33); Efficiently Prevented HCV
Infection in PH5CHS Cells

Since we obtained the expected results that the E2-
binding activities of (C-s3-33), and (C-53-33); were
stronger than that of C-s3-33, we next compared their
anti-HCV activities in our HCV infection system using
PHS5CHS cells (10, 25). The obtained result (Fig. 2)

revealed that the anti-HCV activities of (C-s3-33). and
{C-53-33); (1Cy== 10 um in both) became stronger than
that of the C-s3-33 {IC,,=23 um),. although their activi-
ties were somewhat weaker than that of human LF
{1Cy=5 umM). These results support the previous sug-
gestion that the E2 protein-binding activity of C-s3-33
contributes to the inhibition of HCV infection (inoculum
HCV-0} in human hepatocyte cells (25). However, in
our HCV infection system, we failed to clearly show a
difference in inhibiting activities between (C-53-33),
and (C-s3-33)., because each standard deviation
became somewhat large value due to the low level of
cell culture-based HCV infection (20, 25, 31). In order
to improve this point, we developed an infection system
with VEVAG*(HCV), a VSV pseudotype bearing the
native E1 and E2 proteins derived from HCV-O (30),
and this VSV pseudotype was used for further analysis
as described below.

— 1~ mBpP2

—afc— human LF

—B— MBP-fused C-s3-33
—&®— MBP-fused (C-s3-33),
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Fig. 2. Anti-HCV activities of MBP-fused C-53-33, (C-53-33}, and (C-s3-33). in an HCV infection system using
PH3CHBE cells. PHSCHS cells and the inoculum HCV-0 were used for the HCV-inhibiting assay. as described under
“Materials and Methods.” The number in the ordinate axis indicates the percent of HCV RNA determined by real-time
LightCycler PCR (20). Approximately 2.080 copies of HCV RNA per ug of cellular RNA were reproducibly
obtained using this HCV infection system (10, 26}. In addition 10 the MBP-fused C-53-33. {C-53-33),, and (C-s3-33).
human LF and MBP2 were also used for the assay as control materials. The data are means = SD of triplicates from

three independent experiments.
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Antiviral Effects of (C-53-33), and (C-53-33}; against
VSVAGH* HCV) Infection in PH3CHS Cells

Since PHSCHS cells showed good susceptibility to
our developed VSV pseudotype, VSVAG*(HCV) (30},
we examined the antiviral effects of (C-s3-33), and (C-
§3-33); against VSVAG*(HCYV) infection in PH5CHS
cells, and compared them with those of the C-s3-33 and
human LE In this experiment, the antiviral effects of
human TF and a C-s3-33-relevant fragment of human
TF were aiso examined. The results (Fig. 3) clearly
showed that human LF (1Cs=20.6 um) strongly inhibited
VSVAG*(HCV) infection, but that human TF and the
C-33-33-relevant fragment of human TF did not, nor
did MBP2, suggesting that inhibition against
VSVAG#*(HCV) infection also occurred in an LF-spe-
cific manner as observed previously in the HCV infec-
tion system (25, 31). These results support previous
findings (23, 30} using the VSV pseudotype infection

system. Furthermore, we obtained clear results that C-
53-33  showed  inhibiting activity  against
VEVAG*(HCV) infection, and that its inhibiting activi-
ty was increased with multiplication of C-s3-33. The
[C;, doses of C-53-33, (C-s3-33),, and ((C-53-33); were
17 p, 5.0 pum, and 3.0 um, respectively. This result
indicates that antiviral activity of C-s3-33 is improved
by the duplication and triplication of C-s3-33, although
the antiviral activity of (C-s3-33) is stili weaker than
that of human LF. We confirmed that these LF frag-
ments did not inhibit VSVAG*G (control virus without
El and E2 proteins} infection in PH5CHS cells (data
not shown). In summary, our resuits suggest that direct
interaction of the C-s3-33 fragment with the E2 protein
in VSVAG*(HCV) prevents the virus infection in
PH5CHS cells.

—d— humanLF —{}— MBP2 -—@— MBP-fused (C-s3-33},
—X— humanTF  —f— MBP-fused C-53-33 —4p— MBP-fused (C-s3-33),
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Fig. 3. Antiviral activity of the MBP-fused C-s3-33, (C-53-33), and (C-s3-33): in the infection system of pseudotype
virus using PHSCHS cells. PH3CHS cells and the VSV pseudotype, VSVAGHHCV). were used for the HCV-inhibit-
ing assay. as described under “"Malerials and Methods. The number in the ordinate axis indicates the relative infec-
tivity {%) calculated by counting GFP-positive cells. Approximately 100 GFP-positive cells per one assay were
reproducibly obtained using this pseudotype infection system (303 In addition to the MBP-fused C-s3-33, {C-53-331,
and (C-53-33).. humar LF. human TF, MBP2. and an MBP-fused C-s3-33-relevant fragment of human TF were also
used for the assay as controls. The data are means % 5D of three independent experiments.
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Antiviral Effects of (C-53-33). and {(C-33-33); against
VSVAGHHCV) Infection in HepG2 Cells

We have shown the inhibiting activities of LF frag-
ments against HCV infection or VSV pseudotype infec-
tion in PH5CHS cells; however, it is not clear whether
or not the LF fragments used in this study show inhibit-
ing activities against virus infection in cells other than
PHS5CHSE cells. To clarify this point, HepG2 cells were
used for the analysis, because HepG?2 cells showed the
highest susceptibility to VSVAG#*(HCV) among 25 cell
lines examined (30). As a consequence, we obtained
similar results (Fig. 4) with those obtained in the infec-
tion system using PHSCHS celis. The IC; doses of C-
§3-33, (C-s3-33);, and {C-s3-33); were >12 um, 7.6
um, and 3.9 um, respectively, indicating that, again, the
inhibiting activity was increased with multiplication of
C-s3-33, although antiviral activity of (C-53-33}), was
still weaker than that of human LF (IC,=1.2 uMm). In
conclusion, our results indicated that tandem repeats of

C-$3-33 enhanced the inhibiting activity in cell culture-
based HCV infection.

Discussion

In our previous (30) and present studies, we showed
that pretreatment of VSV pseudotypes with bovine and
human LFs reduced the infectivity of VSVAG*(HCV)
and VSVAG*(E2) bearing only the E2Z protein in a
dose-dependent manner, whereas pretreatment with TF
did not. In contrast, LFs partially inhibited the infectiv-
ity of VSVAG#*(EL)} bearing only the El protein (30).
These results suggested that the interaction of LF and
the E2 protein is the main contributing factor to the pre-
vention of HCV infection. This idea has been strongly
supported by the results obtained in this study. We
demonstrated that tandem repeats of C-s3-33, an anti-
HCV peptide derived from human LF, enhanced the E2
protein-binding activity and the inhibiting activity
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Fig. 4. Antiviral activity of the MBP-fused C-s3-33. (C-s3-33).. and (C-53-33): in the infection system of the pseudo-
type virus using HepG2 cells. HepG2 cells and the VSV pseudotype. VSVAGHHCV). were used for the HCV-
inhibiting assay, as described in “Materials and Meathods. The number in the ordinate axis indicates the relative infec-
tivity (%) calculated by counting GFP-positive celis. Approximately 100 GFP-positive cells per one assay were
reproducibly obtained using this pseudotype infection system (30}, In addition to the MBP-fused C-53-33, (C-53-33),,
and (C-s3-33);. human LF. human TF, and MBP2 were used for the assay as controls. The dara are means & SD of

three independent experiments.
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