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Abstract

AIM: We designed two synthetic-core-specific peptides
core 1 (C1) and core 2 (C2), and an E1-specific peptide
(E1). We produced specific polyclonal antibodies against
these peptides and used the antibodies for detection of
HCV antigens on surface and within infected peripheral
blood leukocytes.

METHODS: Peripheral blood from a healthy individual
who tested negative for HCV RNA was incubated with
HCV type 4 infected serum for 1 hand 24 h at 37 *C. Cells
were stained by direct and indirect immunofluorescence
and measured by flow cytometry.

RESULTS: After 1 h of incubation, antibodies against C1,
C2, and E1 detected HCV antigens on the surface of 27%,
26% and 73% of monocytes respectively, while 10%, 5%
and 9% of lymphocytes were positive with anti-C1, anti-C2
and anti-E1 respectively. Only 1-3% of granulocytes
showed positive staining with anti-C1, anti-C2 and anti
E1l antibodies. After 24 h of incubation, we found no
surface staining with anti-C1, anti-C2 or anti-E1. Direct
immunostaining using anti-C2 could not detect intracellular
HCV antigens, after 1 h of incubation with the virus, while
after 24 h of incubation, 28% of infected cells showed
positive staining. Only plus strand RNA was detectable
intracellularly as early as 1 h after incubation, and
remained detectable throughout 48 h post-infection.
Interestingly, minus RNA strand could not be detected
after 1 h, but became strongly detectable intracellularly
after 24 h post-infection.

CONCLUSION: Monocytes and lymphocytes are the

preferred target cells for HCV infection in peripheral blood
leukocytes. Our specific anti-core and anti-E1 antibodies
are valuable reagents for demonstration of HCV cell cycle.
Also, HCV is capable of infecting and replicating in
peripheral blood mononuclear cells as confirmed by
detection of minus strand HCV RNA as well as intracellular
staining of core HCV antigen.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatitis C virus (HCV) is the major etiology of non-A,
non-B hepatitis that infects 170 million people worldwide.
Approximately 70-80% of HCV patients develop chronic
hepatitis, 20-30% of which progtess to liver cirthosis. At
present, there is no vaccine available to prevent HCV
infection, and current therapies are not optimal. The initial
steps of HCV infection (binding and entry) that atre critical
for tissue tropism, and hence pathogenesis, are pootly
understood. Studies to elucidate this process have been
hampered by the lack of robust cell culture systems or
convenient small animal models that can support HCV
infection. HCV is an enveloped, positive-strand RNA virus
that belongs to the Flaviviridae family. Based on the sequence
heterogeneity of the genome, HCV is classified into six major
genotypes and 100 subtypes!. The viral genome (-9.6 kb)
is translated intoa single polyprotein of -3 000 amino acids
(aa). A combinationof host and viral proteases are involved
in polyprotein processing to give at least nine different
proteinsP. The structural proteins of HCV are believed to
comprise the core protein (~21 kDa) and two envelope
glycoproteins: E1 (~31 kDa) and E2 (~70 kDa). Like other
enveloped viruses, E1and E2 proteins are most likely play
a pivotal role in HCV lifecycle: in the assembly of infectious
particles and in the initiation of viral infection by binding to
its cellular receptor(s). Since hepatocytes represent the
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primary site of HCV replication z vivo, the HCV genome has
also been found in lymphoid cells. Infection of the lymphoid
cells has been implicated in extrahepatic manifestations
of HCV infection such as mixed cryoglobulinemia and
B-lymphocyte proliferative disorders® . Virus-cell interaction
is a multistep process and frequentlyinvolves more than a
single receptor. There are, at least, three ways employed by
virus to bind its target cells. First, virus can harbor two
receptor-binding sites that allow binding to alternative
receptors expressed on different cell types (e.g., adenovirus
type 37)€. Second, virus can bind to a “common” surface
molecule that captures and concentrates virus at the cell
surface, and this event is followed by binding to a high-
affinity primary teceptot (e.g., herpes simplex virus)”. Third,
virus binds to a high-affinity receptor, and this event induces
conformational changes leading to the exposure of binding
sites for a co-receptor (e.g., HIV type 1), So far, little is
known about which mechanism is adopted by HCV to bind
and enter target cells. The association of CD81 and the
LDL-Rwith E2 protein or HCV virion, respectively, have
led to the assumption that either one may represent the
cellular receptor for HCVI™'2, Despite several reports
demonstrating the E2 binding to CD81!*! the interaction
between HCV virion with this molecule is less clear. CD81
molecule only inhibited the binding of truncated E2 protein,
but not HCV vition, to Molt-4 cells"”), suggesting that the
HCV virion may use other receptor(s) for entry into cells.
Also, Triyanti ez a/.'%), demonstrated that HCV-LPs can be
used as avaluable tool to study the mechanism of binding
and entry of HCV infection. Further characterization of
HCV-LP and its interaction with cells will help us understand
the eatly steps of HCV infectionand will facilitate studies
to identify other candidate receptor(s) for HCV. In the
present study, we aimed to use in-house polyclonal antibodies
against HCV peptides from core and envelope regions for
the detection of surface and intracellular HCV antigens in
PBMC:s infected with HCV type 4 positive serum, based
on direct and indirect immunofluorescence labeling followed
by flow cytometric analysis.

MATERIALS AND METHODS

Infected serum samples

For infection experiments, we utilized serum samples positive
for HCV RNA as determined by nested RT-PCR and
genotyped as genotype 4 using the method described by
Ohno et all'.

Infection of peripheral blood with HCV type 4

Whole blood cells were obtained from a healthy volunteer
(only a single subject was used for the sake of fixing the
host factor throughout the experiment). Serum from this
blood sample was tested negative for HCV RNA by using
a standard nested RT-PCR. Whole blood was incubated at
37 C for 1, 24 and 48 h with a serum sample that tested
positive for HCV RNA (viral loads: 9 million copies/mlL,
G4 HCV RNA) at a ratio of 20 pL. serum to 110 uL. whole
blood). After incubation, blood cells were thoroughly washed
four times with PBS. Detection of HCV RNA strands in
peripheral blood cells will be described later.

Design of HCV synthetic peptides

Sequence analysis of HCV quasispecies in local patients
(results not shown) revealed several conserved regions
within the core and the E1 proteins. We designed four
synthetic-core-specific peptides and a E1-specific peptide,
and results showed that all peptides detect HCV antibodies
in infected sera to varying degtrees. The relative sensitivities
and specificities of these synthetic peptides in detecting
circulating HCV antibodies in infected human sera were
described™. In the present study, we raised HCV-specific
polyclonal antibodies against two core peptides anti-C1
(DVKFPGGGQIVGGVYLLPRR), anti-C2 (IPKA-
RRPEGRTWAQPGY) as well as a E1 peptide (anti-E1,
GHRMAWDMM).

Production of polyclonal antibodies against core and envelope
regions of HCV

New Zealand rabbits (2 rabbits per each peptide and 2
per control, injected only with KLH) were immunized
independently with purified synthetic peptides coupled with
KLH protein. Equal volume of diluted core 1 (C1), core 2
(C2) and E1 synthetic peptides and Freund’s complete
adjuvant were emulsified and injected subcutaneously into
the rabbits in three different sites. On d 15 and 28, the
rabbits were immunized again with the same protein
emulsified with incomplete Freund’s adjuvant. On d 32,
the rabbits were killed and sera were separated and stored
at -20 C. For direct immunofluorescence, immunized
polyclonal antibodies were digested with pepsin A (porcine
1:60 000 grade (sigma P-7012), St. Louis, MO, USA) at
acidic pH and the F(ab), portion was labeled with
fluorescence isothiocyanate (FITC) according to Hudson
and Hay!"\.

Surface and intracellular staining of infected peripheral blood
cells and flow cytometric analysis

After incubation of normal blood cells with HCV-infected
serum positive for blood cells, they were washed four times
with phosphate-buffered saline (PBS). Surface labeling was
performed by direct and indirect immunofluorescence.
Primary polyclonal antibodies (C1, C2 and E1) were
incubated with cells for 30 min at 4 ‘C. RBCs wete ruptured
by lysis buffer (83% ammonium chloride). Cells were
centrifuged and supernatants were removed. Cell pellets
were washed twice with PBS containing 1% normal goat
serum, then incubated with anti-rabbit IgG labeled with FITC
(1:100 dilution, Sigma, St. Louis, MO, USA) for 30 min.
Cells were washed once more, resuspended in PBS and
kept at 4 ‘C until flow cytometric analysis. For intracellular
staining, cells were incubated with 4% paraformaldehyde
for 10 min and 0.1% Triton X-100 in Tris buffer (pH 7.4)
for 6 min. After washing with PBS, cells were incubated
with FITC-labeled F(ab), portion of HCV core antibody
(at 1:2 000 dilution) for 30 min at 4 “C. Cells were washed
thrice with PBS containing 1% normal goat serum and cells
were suspended in 500 pL and analyzed.

Isolation of PBMC and extraction of RNA

Infected peripheral blood cells were isolated, as reported by
Loht et al.P%. Briefly, petripheral blood samples were
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diluted with 5 volumes of a freshly prepared RBC lysis buffer
(38.8 mmol/L NH,C], 2.5 mmol/L K,HCO;, 1 mmol/L
EDTA, pH 8.0), incubated at room temperature for 10 min
and the nucleated cells were precipitated and washed in
the same buffer to remove adherent viral particles before
lysis in 4 mol/L guanidinium isothiocyanate containing
25 mmol/L sodium citrate, 0.5% sarcosyl and 0.1 mol/L
B-mercaptoethanol. Cellular RNA was extracted using the
single-step method described originally by Chomczynski
and Sacchi!l.

PCR of genomic and anti-genomic RNA strands of HCV
Reverse transcription-nested PCR was carried out according
to Lohr ez al.P”, with few modifications. Retrotranscription
was performed in 25 pL reaction mixture containing 20 U
of AMV reverse transcriptase (Clontech, USA) with either
400 ng of total PBMCs RNA or 3 uL of purified RNA
from serum samples as template, 40 U of RNAsin (Clontech,
USA), a final concentration of 0.2 mmol/L from each
dNTP (Promega, Madison, WI, USA) and 50 pmoL of the
reverse primer 1CH (for plus strand) or 50 pmol of the
forward primer 2CH (for minus strand). The reaction was
incubated at 42 °C for 60 min and denatured at 98 C for
10 min. Amplification of the highly conserved 5-UTR
sequences was done using two rounds of PCR with two
pairs of nested primers. First round amplification was done
in 50 pL reaction mixture, containing 50 pmol from each
of 2CH forward primer and P2 reverse primer and P2
reverse primer, 0.2 mmol/L from each dNTP, 10 uL from
RT reaction mixture as template and 2 U of Taq DNA
polymerase (Promega, USA) in a 1X buffer supplied with
the enzyme. The thermal cycling protocol was as follows:
1 min at 94 °C, 1 min at 55 °C and 1 min at 72 C for 30
cycles. The second round amplification was done similar
to the first round, except for use of the nested reverse
primer D2 and forward primer F2 at 50 pmol each. A
fragment of 179 bp was identified in positive samples.
Primer sequences were as follows:

1CH: 5’-ggtgcacggtctacgagacctc-3

2CH: 5’-aactactgtcttcacgcagaa-3’

P2: 5’-tgctcatggtgcacggtcta-3’

D2: 5’-actcggctageagtctegeg-3’
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Figure 1 The borders of the respective cell regions of lymphocytes (L),
monocytes (M) and granulocytes (G) were clearly defined on the cytograms of
flow cytometry based on the size and the granularity (x-axis, forward scattered
cells and y-axis, side scattered cells of cells after surface immunostaining) (A);
Histograms from gated monocytes obtained from fluorescent activated cell sorter
analysis of HCV-infected peripheral blood mononuclear leukocytes. Cells were

Log fluorescence intensity

F2: 5’-gtgcagectccaggacce-3’

To control false detection of negative-strand HCV RNA
and known variations in PCR efficiency™*, specific control
assays and rigorous standardization of the reaction were
employed. Specific control assays were included: (1) cDNA
synthesis without RNA templates to exclude product
contamination; (2) cDNA synthesis without RTase to
exclude Taq polymerase RTase activity; (3) cDNA synthesis
and PCR step done with only the reverse or forward primer
to confirm no contamination from mixed primers. These
controls were consistently negative. In addition, cDNA
synthesis was carried out using only one primer present
followed by heat inactivation of RTase activity at 95 C
for 1 h, in an attempt to diminish false detection of
negative-strand prior to the addition of the second primer.

RESULTS

Surface detection of HCV antigens by flow cytometry on
infected blood leukocytes

The borders of the respective cell regions of lymphocytes,
monocytes and granulocytes were clearly defined on the
cytograms of flow cytometry based on the size and the
granularity of cells (Figure 1). Using control healthy blood,
no immunostained positive cells were found using any of
the polyclonal antibodies (C1 or C 2 and anti-E1) compared
with normal rabbit serum. After 1 h of incubation at 37 C
with HCV positive serum, indirect immunofluorescence-
labeled anti-E1, antibody demonstrated positive staining
in 9%, 73% and 1-2% of lymphocytes, monocytes and
granulocyte respectively. Anti-C1 demonstrated positive
staining in 10%, 27%, and 1% of lymphocytes, monocytes
and granulocyte respectively. Staining with anti-C2 showed
positive cells in 5%, 26% and 1% of lymphocytes, monocytes,
and granulocyte respectively (Table 1 and Figure 1).
Interestingly, after 24 h of incubation with HCV positive
serum, no detectable viral antigens were demonstrated on
the surface of any cell type.

Intracellular staining with directimmunofluorescence
Direct immunostaining of total peripheral mononuclear cells
using FITC-F(ab), portion of anti C2 antibody could not
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stained with anti-E1 antibody against HCV E1 region. Histograms represent
gated monocytes from (Bs) infected cells stained with normal rabbit serum as
control or (B,) infected cells stained with antibody against E1 after incubation of
blood with serum sample after 1 h at 37 ‘C in which x-axis represents
fluorescence intensity. M1 is marker for positive cell population.
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detect intracellular viral antigens after 1 h of incubation
with HCV-positive serum. However, after 24 h of incubation,
28% of infected cells stained positive for viral core antigen
(Figure 2).
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Figure 2 Histogram from gated leukocytes obtained from fluorescent activated
cell sorter analysis of HCV-infected peripheral blood mononuclear leukocytes.
Cells were stained intracellularly with anti-C2 antibody conjugated with FITC.
Histogram represents gated leukocytes from (A) healthy uninfected cells or (B)
infected cells stained with anti-C2 antibody conjugated with FITC after incubation
of blood with serum sample after 24 h at 37 °C in which x-axis represents
fluorescence intensity. M1 is marker for positive cell population.

RT-PCR for minus and plus RNA strand of HCV RNAin PBMCs
The genomic plus (+) strand was weakly detectable in
PBMCs after 1 h of incubation, whereas antigenomic (-)
strand was undetectable. After 24 and 48 h of incubation,
both strands were detectable with stronger signal of the
anti-genomic (-) strand (Figure 3).

179 bp

Figure 3 Analysis of HCV RNA plus strand and minus strand from infected
PBMC. PCR amplification products of the genomic strand (+) and the replicative
strand (-) of HCV from total cellular RNA of PBMC infected with HCV for 1, 24 and
48 h. Lane M represents the M.W. marker PGem.

DISCUSSION

Extrahepatic HCV replication has long been a controversial

Table 1 Percentage of positive cells after 1-h incubation of periph-
eral blood with serum positive for HCV RNA

Lymphocytes Monocytes Granulocytes
Antibody percentage of percentage of percentage of
positive cells positive cells positive cells
El 5 73 1
C1 10 27
2 9 26

Positive cells were determined by indirect immunofluorescence and flow
cytometric analysis.

topic, since the finding of the high rate of re-infection of
grafts after orthotopic liver transplantation in patients with
the end-stage HCV-induced liver diseases. However, whether
PBMC:s are supportive for HCV replication is still uncertain.
The detection of the minus strand HCV RNA is thought to
be a reasonable marker for HCV replication, because the
minus RNA strand is the replicative intermediate of HCV.
In past decade, several reports on the detection of HCV
RNA in PBMCs have been published® . Gribier ez a/?"),
incubated PBMCs from healthy donors with HCV positive
sera, and detected HCV RNA plus and minus strands using
RT-PCR and 77 situ hybtidization. Results of Gong e# al.P®,
showed that HCV is capable of infecting and replicating in
PBMCs, and HCV NS5 protein was clearly expressed in
these cells. On a previous study by El-Awady e /%, we
utilized PBMCs as a cellular component to assess viral
replication in chronic HCV patients. This study demonstrated
higher sensitivity of concomitant PCR amplification of plus
and minus strands in PBMCs together with plus strand in
serum samples over the traditional amplification of viral
RNA in serum. Later, we employed this apparent intracellular
amplification in PBMCs as a predictor for treatment relapse
after intetferon therapy?. After 1 h of incubation, in the
present study, only plus RNA strand of the virus was weakly
detectable. When incubation with positive serum was
extended for 24 and 48 h, both plus and minus RNA strands
have become strongly detectable (Figure 3). Flow cytometry
is advantageous over RT-PCR in its ability to count directly
the rate of infection into the cells. Furthermore, it is more
specific than traditional immunocytochemical analyses
via its ability to quantify the intensity of fluorescence per
cell, thus facilitating clear distinction between specific and
non-specific immunofluorescence. A greater number of
cells are allowed to be counted, which is very important
while considering that 7# vitro viral infections are variable
biological phenomena. This gives us the possibility of testing
several replicates simultaneously and elevating the accuracy
in statistical analysis. In case of cells that are relatively less
susceptible, such as PBML, it is desired to count large
number of cells to obtain a significant number of positives,
turning manual counting very laborious. Therefore, in our
case, to gain a better understanding of the cell-specific
tropism of HCV, we designed the experiments to detect
HCV antigen on blood leukocyte subsets, lymphocytes,
monocytes and granulocytes. Simultaneously, we planned to
evaluate the usefulness of specific polyclonal anti-sera raised
against synthetic core and envelope HCV peptides made
from conserved sequences among several HCV isolates!'.
In a parallel investigation, the antibodies currently used
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demonstrated 100% sensitivity and 100% specificity in
detecting circulating viral antigens in HCV RNA-positive
and HCV RNA-negative subjects, respectively (data not
shown). Results presented here revealed that about 73%
of infected monocytes were immunostained positive for
envelope antigen. A well-defined HCV positive population
in infected peripheral blood leukocytes showed that the
monocytes are the preferred target for HCV. However,
the results of previous studies have been conflicting; several
investigators have reported inconsistent presence of HCV
in B and T lymphocytes™-". Howevet, flow cytometry using
specific monoclonal antibody could detect the presence of
HCYV core antigen that was demonstrated in monocytes but
not in lymphocytesP?. These teports demonstrated the
presence of HCV RNA which was detected in peripheral
blood mononuclear cells PBMC) by PCR in 17 of 24 HCV-
infected patients with chronic hepatitis with or without
cirrhosis. In 29% of patients whose PBMC contained HCV
RNA, flow cytometry with a murine monoclonal antibody
to HCV core epitopes revealed cytoplasmic staining of
peripheral blood monocytes, whereas cell surface of
monocytes and lymphocytes did not stain for HCV core
epitopes. The discrepancy between the current results and
those of Bouffard ez /P may be related to either the
difference between # vivo and in vitro infection of PBMCs
or to the degree of the antibody specificity. In the present
study, HCV tropism in peripheral leukocytes is not only
limited to polymorphonuclear leukocytes, since granulocytes
were also shown to stain positive with HCV antibodies after
short incubation with positive sera. Since minus RNA strand
of the HCV can hardly be detected in infected serum, its
detection in PBMCs can be taken as a molecular indicator
of intracellular genomic replication of HCV and ruling out
false positive, due to contamination of cellular preparations
with infected sera. In acute HCV infection, HCV RNA
minus strand is rare in PBMCs, but in the chronic group,
the minus strand HCV RNA is common in the PBMCs (14
of 35, 40%), which is similar to what Chang ez /.,
reported. The ratio of HCV RNA minus strand detected in
chronic hepatitis C is much higher than that in acute hepatitis
C, suggesting that the replication of HCV in PBMCs may
play an important role in the processes of chronicity, and
the mechanism could be that HCV in PBMCs escapes from
host immunity, and makes the infection of HCV persistent.
On one hand, the dysfunction of the HCV-infected PBMCs
leads to immune function decline and this becomes mote
difficult for the host to clear intrahepatic HCVPY. On the
other hand, some authors are still arguing that the minus
sttand HCV RNA in the blood cells including PBMC may
be artifacts from contamination or passive absorption by
circulating virus!"! or self-priming/mis-priming during PCR
reaction™ . For this reason, the expression of HCV-related
proteins in extrahepatic cells has become the key point for
demonstrating intracellular HCV replication. HCV was
repeatedly reported to replicate and express structural and
non-structural proteins, primarily in PBMCE* In the
present study, we utilized the combined results of nested
RT-PCR of plus and minus RNA strands coupled with
core and E1 protein expression to follow steps of viral
binding, entry, replication and protein expression in human

PBMCs. The detection of E1 and core antigens on cell
surface as eatly as 1 h of incubation with virus, followed by
disappearance of viral antigens after 24 h, suggests that
viral entrance into cells occurs within 24 h. The concomitant
intracellular appearance of E1 and core antigens suggests
that binding, entry and expression of structural proteins
occurs within 24 h. At the level of genomic replication,
failure of minus strand detection after 1 h, followed by
strong detection after 24 h supports the hypothesis that
processing of HCV polyprotein and release of viral antigens
with subsequent acceleration of genomic replication of viral
RNA occurs within the first 24 h of infection. In conclusion,
we suggest that the present method for detection of E1
and core antigens is useful in monitoring of HCV life cycle
and can contribute to analysis of HCV infection more
precisely. Therefore, the study of virus-host cell interaction
may lead to interesting and probably non-expected concepts

of HCV pathology.
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