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Background/Aims: Association of hepatitis C virus (HCV) with increased autoantibodies, mixed cryoglobulinaemia,
non-Hodgkin’s B-cell lymphoma and increased peripheral innate (CD5P*) B cells suggests a role for B-lymphocytes in
the pathogenesis of HCV-infection.

Methods: Flow cytometry was used to estimate CD5"* B cell levels and CD81 co-expression in chronic HCYV infection.
Viral load was assessed using PCR.

Results: We demonstrate expansion of innate B cells in HCV-infected liver from patients with fibrosis score less than
stage I (39%, % of total B cells, P = 0.002) and end stage HCV cirrhosis (20%, P < 0.05) compared with normal liver
(8%). Expression of CD81, a signal transducing molecule and putative HCV receptor, was significantly increased on
peripheral blood CD5"* B cells compared with conventional B cells (P = 0.0001). Higher levels of CD81 on CD5** B
cells were more dramatic in the liver of HCV-infected individuals. However, no significant difference was observed in
the viral load of CD5”*CD81"*" B cells and CD5"*CD81"*" B cells.

Conclusions: Increased expression of CD81 on innate B cells, a population that is expanded in the livers and
peripheral blood of chronic HCV-infected patients, suggests a role in viral specific activation and clonal proliferation
in chronic HCV infection.
© 2003 European Association for the Study of the Liver. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Hepatitis C virus (HCV) is a major cause of chronic liver
disease with over 170 million people infected world-wide
[1,2]. Almost one third of chronically infected individuals
will develop cirrhosis and, of these, up to 2% per year will
develop hepatocellular carcinoma [3,4]. Currently, end-
stage liver disease secondary to HCV infection results in
8000-10 000 deaths per year and is a leading indication
for liver transplantation in the United States [1,5]. HCV is
predominantly hepatotropic with convincing immunohisto-
chemical and in situ hybridisation data to show that hepa-
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tocytes are a primary site of infection [6,7]. However, HCV
can also infect and replicate within peripheral blood mono-
nuclear cells (PBMCs), which may be important for viral
dissemination and sequestration [8—16].

Immunological studies of HCV infection classically
focus on T lymphocytes. However, the association of
HCV infection with mixed cryoglobulinaemia, the
presence of HCV antigen in the cryoprecipitate, clonal
B cell proliferation in peripheral blood, bone marrow
and liver and the high prevalence of non-Hodgkin’s
Ilymphoma suggest a major role for B cells in the patho-
genesis of HCV infection [17-25]. Moreover, B cells are
more frequently infected than T cells, monocytes and
neutrophils and limiting dilution studies indicate higher
HCV titres in B-lymphocytes than T cells or monocytes
[26,27]. We, and others, have reported an expansion of
peripheral blood innate (CD5P*) B cells, the human
equivalent of murine B-1 cells, in HCV infection
[28,29]. B-1 cells have restricted receptor gene segment
usage [30], are a primary source of autoantibodies [31],
can be activated by T-independent antigens [32] and are
thus thought to comprise part of the functional and evolu-
tionary bridge between the innate and adaptive immune
systems. In this respect, B-1 cells are considered the B
cell equivalent of y8 T cells [33]. CD5”* B cells have
been shown to produce the monoclonal WA cross reactive
idiotype rheumatoid factor in HCV infection [34-36] and
may be responsible for the production of other auto-anti-
bodies associated with HCV infection. Significant popula-
tions of innate-type T Lymphocytes including NT
(CD3P*CD56P®) and +y38-TCRP® T-cells have been
detected in normal human liver [37], however, little is
known about the equivalent populations of hepatic innate
B cells (B-1/CD5P*). A primary aim of this study was to
examine CD5* B cell populations in normal and HCV
infected liver.

CD81, a widely expressed tetraspanin molecule involved
in the regulation of T cell homeostasis, is expressed on hepa-
tocytes and lymphocytes including B-lymphocytes.
Recently, CD81 has been shown to bind HCV RNA in asso-
ciation with the E2 region of HCV envelope protein [38]. The
role for CD81 as a viral co-receptor remains unclear although
CDS81 is capable of binding recombinant E2. It has been
demonstrated that combination Interferon-a and Ribavirin
anti-viral therapy down-regulates CD81 expression both in
vitro and in vivo [39], suggesting a role for CD81 in HCV
pathogenesis. In addition, a potential role for CD81:HCV
interactions is suggested through inhibition of NK cell activ-
ity [40,41]. In this study, we explore differential surface
expression of CD81 on hepatic and peripheral blood
CD5" B cells and CD5™* B cells. We also investigate the
presence of HCV RNA and quantitate the intra-cellular viral
load in purified peripheral B cell subpopulations.

Table 1

Demographic data of study populations®

Group 6

Group 5

Group 4

Group 3

Group 2

Group 1

Normal donors
n=9)

Severe HCV

(n=11)

Mild chronic HCV

(n=10)

ELISA — /HCV RNA —

(n=06)

ELISA + /HCV RNA —

(n=17)

ELISA + /HCV RNA +

(n=34)

Liver needle biopsy Liver explant wedge biopsy Liver donor wedge biopsy

Peripheral blood (HCV-naive)

3/3

Peripheral blood (non-viremic)

1/16

Peripheral blood (viremic)

6/28

Sample type
Sex (M/F)

3/6

7/4

3/7

44 + 6.31
0/9

50.2 +2.67

11/0

429 +4.32

10/0

42+ 3.5

0/6

441 +1.5
17/0

479 *+ 1.35

34/0
30

Age (mean += SEM years)

ELISA (+/—)

N/A
N/A
N/A
N/A
N/A
N/A
N/A

O — AN AN = <A

N NO S —~ <

N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
15

Blood Tx
IVDU

Unknown
Aetiology anti-D Ig

HCV genotype 1
2
’%

N/A

<

—

N/A

N/A

N/A

Sporadic

* Abbreviations: SEM = standard error of mean; Ig = Immunoglobulin; Tx = transfusion; [IVDU = intravenous drug use, N/A not applicable.
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2. Materials and methods

2.1. Subjects

Six groups of patients and sero-negative normal controls were analysed.
Subjects have been divided based on sample type (liver/peripheral blood),
viremia (PCR*") and severity of HCV-associated liver disease (cirrhosis)
to facilitate comparison of possible compounding variables between these
groups (Table 1). All subjects gave written informed consent to participate
in this study, which was approved by the Ethics Committee of St. Vincent’s
University Hospital. The first group included 34 patients with chronic HCV
infection as evidenced by a positive second generation enzyme linked
immunosorbent assay (ELISA) anti-HCV antibody test (Ortho Diagnostics)
and a positive HCV RNA by reverse-transcriptase polymerase chain reac-
tion (RT-PCR) with histological evidence of chronic hepatitis consistent
with HCV disease. Twenty-five individuals had been exposed to HCV
contaminated anti-D immunoglobulin (Ig) [42]. No patient had received
anti-viral therapy prior to enrolling in the study. The second group included
17 patients with spontaneous resolved HCV infection as evidenced by a
positive second generation ELISA and repeatedly negative HCV RNA by
RT-PCR. Fifteen of these individuals had received contaminated anti-D Ig.
Group 3 included six normal controls with no history of exposure to HCV
(negative by ELISA).

Liver biopsy specimens were obtained from ten patients (group 4) with
chronic HCV infection at the time of routine percutaneous needle biopsy for
histological evaluation. All ten patients were non-cirrhotic with fibrosis
score less than Stage II (Metavir fibrosis scale) [43]. None of these patients
had received anti-viral therapy prior to enrolling in the study. A further 11
liver biopsy specimens (group 5) were obtained at time of liver transplanta-
tion for end stage HCV cirrhosis. The HCV genotype was not determined
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for some of the patients in group 5. Normal liver biopsy tissue obtained
from nine donor livers at the time of liver transplantation was included in
group 6. All normal donors had normal serum alanine aminotransaminase
levels and were sero-negative for HCV.

2.2. Isolation of peripheral blood lymphocytes

PBMCs were isolated by standard density gradient centrifugation. The
final pellet was resuspended in Roswell Park Memorial Institute 1640
medium (RPMI) 1640 medium supplemented with 2% Hepes buffer and
10% foetal calf serum (complete RPMI).

2.3. Isolation of hepatic lymphocytes from liver biopsies

Liver biopsy specimens were immediately placed in complete RPMI for
transport. Donor organs were extensively perfused with University of
Wisconsin solution prior to obtaining the biopsy. Percutaneous needle
and explant biopsies were washed three times in 50 ml salt free Hanks
Balanced Salts Solution (Gibco BRL, Paisley, Scotland) to remove resi-
dual blood. Immunohistochemical studies performed in our laboratory
have demonstrated that, the washing procedure used for non-perfused
samples is as effective as perfusion for the removal of intravascular
non-resident leukocytes (CD45P*, COF, unpublished data). Hepatic mono-
nuclear cells (HMCs) were isolated from donor and HCV explant liver
biopsies as described previously [44]. A modification of this procedure
was used to extract HMCs from needle biopsy specimens. In brief, the
concentration of collagenase IV used in the disruption enzyme mix was
half (0.025%) that used for donor/explant biopsy material (497 U/ml,
Sigma-Aldrich, Ireland). Mechanical disruption was carried out using a
glass pestle. The hepatocyte removal step was omitted and the final cell
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Fig. 1. Magnetic bead separation generates highly purified B cell sub-populations. Flow cytometric dot plot demonstrating cells stained with isotype
matched controls (A); unseparated sample stained with anti-CD19-FITC and anti-CD5-PE (B); enriched CD19**CD5"* cells (C); and enriched

CD19P*CD5P” cells (D). This is representative of five samples.
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pellet was resuspended in a smaller volume (300-500 wl RPMI, Gibco-
BRL, Paisley, Scotland). These modifications were found to produce the
best yield from the small amount of tissue available from needle biopsy
material (data not shown).

2.4. Phenotypic characterisation of B cell subpopulations
and expression of CD81

B cell populations in blood/liver were phenotypically characterised by
surface expression of CD81, CD19 and CDS5 using fluorescent-labelled
monoclonal antibodies. Briefly, 1% 10° PBMCs/HMCs were labelled
with: fluorescein isothiocyanate (FITC-conjugated) anti-CD5 (Pharmin-
gen, Oxford, UK), phycoerytherin (PE) anti CD81 (Pharmingen) and
peridin chlorophyll protein anti-CD19 (Becton-Dickinson, Oxford, UK)
or isotype matched controls. The cells were incubated in the dark at room
temperature for 10 min and washed twice with 1 ml of phosphate
buffered saline, 1% bovine serum albumin and 0.02% sodium azide
(Sigma, Poole, UK). The cells were fixed with paraformaldehyde (1%)
and analysed by flow cytometry. Lymphocyte gating was performed
using forward scatter: side scatter parameters and 20 000 cells from
this gate were acquired for analysis. Acquisition and analysis were
performed using a FACscan flow cytometer and Cell Quest software
(Becton-Dickinson). CD19"* cells were expressed as a percentage of
the lymphogate and CD19P*CD5P*/CD19**CD5"% cells were expressed
as percentage of total CD19"* cells. The median fluorescence intensity
(MFI), which correlates directly with the number of molecules expressed
on a per cell basis, of CD81 was used to quantitate the surface expression
of CD81 on B cell sub-populations.

2.5. Magnetic bead separation of peripheral blood CD5™*
and CD5 " B cells

Peripheral blood mononuclear cells from five HCV RNA positive
patients were separated into CD19%, CD19**CD5"** and CD19**CD5"*
fractions using a combination of the Minimacs CD19 Multisort kit and
anti-PE microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany).
Separation was performed according to the manufacturers instructions
with minor modifications. Briefly, 1 X 10’ PBMCs were incubated with
20 pl of CD19 Multisort Microbeads for 15 min at 4°C. These cells were
passed through a Minimacs positive-selection column. After passing
through a second positive-selection column, this positive fraction was
then incubated with 40 pl of MACS Multisort Release Reagent for 10
min at 4°C. These cells were incubated with 30 pl of MACS Multisort
Stop Reagent and passed through a Minimacs column. Cells were further
labelled with anti-CDS5PE in the dark for 10 min at 4°C, followed by 40 .l
MACS anti-PE for 15 min at 4°C and separated using two Minimacs
positive-selection columns. Positive and negative fractions were examined
for purity by 2-colour flow cytometry using anti-19FITC and anti-CD5PE
(Becton-Dickinson). Cells were washed three times in Minimacs buffer
solution to ensure removal of any contaminating serum. All samples were
stored at —80°C until use. Separation of peripheral blood lymphocytes
from five HCV RNA-positive patients yielded three distinct populations of
cells (CD19**, CD5P*CD197* and CD5"(CD19"* cells) with greater than
92% purity (Fig. 1). An average of 4.6 10° CD19™ cells, 3.4 x 10°
CD19™CD5™¢ cells and 6.32 X 10° CD19"CD5"* cells were obtained
following bead isolation.

2.6. Genotyping of HCV

HCV genotypes were determined by restriction fragment length poly-
morphism of the 5’ non-coding region as described by Davidson et al. and
classified according to the nomenclature proposed by Simmonds et al.
[45,46].
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Fig. 2. CD5"* B cells are specifically expanded in the peripheral blood
and the liver of patients with chronic HCV infection. Hepatic B cells
from ten individuals with mild, and 11 individuals with severe (end-
stage) chronic HCV infection, show an increase in co-expression of CD5
when compared with nine normal controls (A). No overall expansion in
the total B cell population (relative to other lymphocyte populations)
was observed in HCV infected liver tissue when compared with normal
liver tissue (B). The percentage of B cells that co-express the CD5S
molecule in the peripheral blood is significantly increased in 27 HCV
RNA positive patients compared with 16 individual with resolved HCV
infection (C). Error bars represent the mean = SEM.

2.7. Detection of intracellular HCV RNA

RNA was extracted from the serum and from the sorted populations of B
lymphocytes of five patients with chronic HCV infection by the guanidi-
nium thiocyanate-phenol-chloroform method. The entire volume of purified
RNA was subjected to reverse transcription with 100 ng of random primers
(500 pg/ml) (Promega), 200 M of ANTP (Promega), 20 units of RNAsin
(40 u/pl) (Promega) and 100 units of MMLV RT (200 u/pl, Promega). The
reaction was performed at 37°C for 90 min followed by 95°C for 5 min. The
cDNA obtained was amplified by nested RT-PCR using two pairs of
primers recognising the HCV 5’ untranslated region as previously described
[47]. The amplification product was revealed by ethidium bromide staining
after agarose gel-electrophoresis.

2.8. Measurement of intracellular HCV RNA

Quantitation of intracellular HCV RNA from CD19**CD5"* and
CD197*CD5™* sorted cell populations was performed using the Cobas
Amplicor HCV Monitor kit according to the manufacturers instructions
(Roche Diagnostics, NJ, USA).

2.9. Statistical analysis

A two-tailed paired/unpaired ¢ test was used where appropriate to
compare differences between cell populations and patient/control groups.
A P value of <0.05 was taken as significant.
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Expression of CD81 is significantly higher on peripheral blood CD5"* B cells than on CD5"* B cells in chronic/resolved HCV infection®

HCV RNAP*® HCV RNA"™

CD5"¢ B cells CD5"* B cells CD5"™® B cells CD5 B cells
254 212 340 461
469 437 255 328
66 96 562 673
89 130 294 352
352 453 305 333
280 449 542 626
239 249 133 160
152 198 160 138
132 139 380 531
138 245 180 257
254 392 305 429
305 378 195 226
107 153 108 121
305 327 229 302
220 316 130 194
151 259 305 Mean 505 Mean
205 259 264 275.71* 284 348.24%
264 273

148 264

100 143

93 111

111 148

79 189

111 168

393 414

143 154
453 352

70 202
421 Mean 487 Mean

254 211.93* 264 262.03*

* #P =0.0001 two-tailed paired 7 test.
3. Results

3.1. Expression of CD5 by peripheral blood and hepatic B
cells

Small proportions of B cells found in normal liver tissue
express the CD5 molecule (Mean = standard error of the
mean, SEM, 8.16 = 1.98%, % of total CD19** B cells,
n=29). However, this population was significantly
expanded in livers of individuals with HCV cirrhosis
(20.32 £4.79%, n=11, P <0.05). There is an even
greater expansion of these cells in the livers of non-cirrhotic
HCV-infected individuals (38.95 * 5.64%; n = 10,
P < 0.002, Fig. 2a). Interestingly, there was no overall
expansion in the total B cell population, relative to other
lymphocyte populations, in HCV infected liver tissue when
compared with normal liver tissue (Fig. 2b). However, as
HCV-infected liver is characterised by an inflammatory
infiltrate, it is likely that overall B cell numbers are
increased. Increased levels of CD5"® B cells were also
observed in the peripheral blood of HCV infected indivi-
duals (38.23 £ 2.22%) when compared with those with
resolved infection (25.89 * 2.36%, P < 0.008, Fig. 2c).

3.2. Expression of CD81 by B cells and B cell subsets

Significant CD81 expression was seen on all B cell
subsets tested. Expression of CD81 by peripheral blood
B cells was not increased in viremic patients (MFI *
SEM; 258 *= 21), when compared with individuals who
had resolved their infection (284 £ 32.5) and normal
controls (270 = 39; P = 0.43) (data not shown). However,
CD81 expression was consistently higher on CD5”* B
cells when compared with CD5"™ B cells in all but three
of 30 individuals with chronic HCV infection
(262.03 =209 versus 21193 =21.75; P = 0.00006,
Table 2). Increased levels of CD81 were also observed
on CD5 B cells in all but one of 17 individuals with
resolved infection (348.24 * 40.45 versus 275.71 £ 31.64;
P = 0.00007, Table 2). Normal controls also had higher
expression of CD81 on CD5"* B cells (307 = 31.8 versus
246 £ 29.7; P = 0.0004, data not shown). Higher levels of
CD81 expression on CD5"* B cells were even more
dramatic in the liver of HCV infected individuals when
compared with  conventional CD5"™® B  cells
(657.32 = 194.53 versus 304.56 = 99.38, P < 0.03,
n =6, Fig. 3).
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Fig. 3. CD5"* B lymphocytes express higher levels of CD81 than CD5"* B cells. Representative flow cytometric contour plot of hepatic B lymphocytes
showing CD5"* and CD5"* B cells in the upper right and lower right quadrants, respectively (A). The histogram shows the relatively low intensity of
staining for CD81 (Log;, fluorescence) on CD5"* and the much higher level on CD5"* cell populations from one individual (B). For each of the
individuals tested hepatic CD5P* B cells expressed higher levels of CD81 than their CD5"* counterparts (C). Error bars represent the mean = SEM.

3.3. HCV infection of B cells subsets

Intracellular HCV RNA was detected in the B-lympho-
cyte subsets of five chronically infected patients (all geno-
type 1b). Qualitative nested RT-PCR detected HCV RNA in
the serum, CD19%* cells, CD19"*CD5"* cells and
CD19”*CD5™# cells (Fig. 4). Quantitative analysis for
intracellular HCV infection in three patients indicated no
significant difference (P = 0.48) in viral load of
CD19"”CD5P"CD81" cells and CD19**CD5"*CD81"
cells and no correlation between the surface expression of
CDS81 and the intracellular viral load (Table 3).

Table 3

4. Discussion

Innate lymphocytes recognise conserved structures that
signal viral infection. Failure to eliminate HCV may result
from a deficiency of such innate lymphocytes. Indeed,
depletion of NK cells and CD56 ™ T cells have been reported
to occur in the livers of chronically HCV-infected indivi-
duals [48,49]. In this study we focus on another innate
lymphocyte population, the CD5P* B cells, in chronic
HCYV infection. The most frequent and well-characterised
extrahepatic manifestations of chronic HCV infection are
cryoglobulinaemia and rheumatoid factor activity [19,29,

Comparison of median fluorescence intensity of cell surface CD81 and intracellular hepatitis C viral load in CD5"® and CD5"* B cells from three

patients with chronic HCV genotype 1b infection

Median fluorescence intensity®

Viral load (copies/million cells)

CDS5 ™ B-cells CD5" B-cells CD5 ™ B-cells CD5 " B-cells
Sample 1 297 357 27 666 33 166
Sample 2 324 432 32 833 21 000
Sample 3 283 449 99 666 26 000
Mean value 301 413 53 388 26 722
P value 0.02 0.32

* CD81 Log, fluorescence.
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Fig. 4. HCV is detectable in CD5P* and CD5™* B cell populations. RT-
PCR analysis of serum (lane 3), total CD19”” cells (lane 4),
CD19°*CD5P* cells (lane 5), and CD19P*CD5"™® cells (lane 6) for
HCYV RNA. Positive and negative controls and molecular size markers
are present in lane 1, 2, and 7, respectively.

50,51]. The presence of immune complexes in HCV disease
coupled with the increased incidence of non-Hodgkin’s
lymphoma and the demonstration of monoclonal prolifera-
tion of B cells in the peripheral blood, bone marrow and
liver strongly suggest that B cells are important in the
immunopathogenesis of HCV infection [21,23,24,51].
Furthermore, HCV infection has been associated with the
development of lymphoproliferative diseases in the post
liver transplant setting [52]. We have previously shown
expansion of peripheral blood CD5* B cells in viremic
HCV infected individuals which is accompanied by the
appearance of rheumatoid factor in the serum of these indi-
viduals [28]. In this study, we demonstrate, in contrast to
other innate lymphocyte populations [49], a specific expan-
sion of CD5P* B cells, but not overall B cell levels, in the
liver of HCV infected individuals. We also show high levels
of CD81 expression by all CD5"* B cells not just in chronic
HCV-infection. These results suggest that HCV viremia
may induce proliferation of or favour the survival of innate
B cells.

CD8l, a cell surface molecule expressed on hepatocytes
and lymphocytes, is known to interact with the E2 protein of
HCYV suggesting that it could be a cellular receptor for HCV
[38]. Binding of the HCV envelope protein to human CD81

has been clearly demonstrated. There was no increase in
viral load in cells with high levels of CD81 expression
suggesting that CD81 is not directly involved in HCV
entry into cells. However, the sample number used in this
study is too small to draw a definitive conclusion. In this
study, we have demonstrated that surface expression of
CDS81 is increased on expanded subpopulations of
CD19"* B cells that co-express CD5. However, despite
the differential expression of CD81 on B cell subpopula-
tions, we were unable to demonstrate a correlation between
the HCV load in purified populations of CD5*CD81" B
cells and CD5™¢CD81"° B cells and the surface expression
of CD81. This indicates that neither increased expression of
surface CD81, reflecting more receptor available for binding
of ligand, nor decreased expression of CD81 reflecting
down-regulation due to internalisation or as a consequence
of repeated binding, correlate with viral infection of the cell.
Our data provides additional evidence that this molecule
does not function as a route of infection and supports the
notion that CD81 is more likely to act as a signalling mole-
cule effecting the behaviour of lymphocyte populations
involved in host anti-viral immunity [40].

Recent studies have demonstrated that CD81:HCV inter-
actions result in activation or inhibition of NK/T lympho-
cyte subsets and may thus be important in determining the
outcome of HCV infection [40,41]. CD81 expression on the
surface of B cells is coupled with the B cell receptor
complex and when appropriately engaged with ligand
results in reduction of the activation threshold leading to
the production of autoantibodies and immune complexes
characteristic of HCV disease. Proliferation of B cells in
response to B cell receptor crosslinking is impaired in
CDS81-deficient mice [53]. Thus, direct viral stimulation
via CD81 may initiate B cell clonal proliferation. Translo-
cation of the bcl-2 gene from chromosome 18 to a position
close to the immunoglobulin heavy chain locus on chromo-
some 14 during proliferation prevents apoptosis and leads to
lymphoproliferative disease [54,55]. Thus, the interaction
between HCV and CDS81 may result in stimulation of B
cells with resultant B cell proliferation.

Increased expression of the CD81 molecule on popula-
tions of innate B cells that are expanded in the livers and
peripheral blood of chronic HCV infected patients suggests
that it may have a role in viral specific activation and clonal
proliferation of this population in chronic HCV infection.
Two recent studies [39,56] have described increased CD81
on B cells in HCV infection. B cell CD81 expression corre-
lated with serum viral load and rheumatoid factor [56] and
was downregulated by interferon-a both in vitro and in vivo
[39]. In our study, we have demonstrated increased expres-
sion of CD81 on all CD5"* B cells even in normal controls.
Zuckerman [56] and Kronenberger [39] only looked at total
B cell populations, therefore, the observed increase of CD81
on B cells and downregulation by treatment could be
accounted for by increased or depleted CD5"* B cell subset
within the whole B cell population.
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Signalling through CD81 may represent an important
HCYV survival strategy as suggested by the potential to inhi-
bit natural killer activity [40,41]. Expansion of the subpo-
pulation of CD5"* B cells, which expresses high levels of
CD81, in HCV infection has exciting implications for our
understanding of how innate immune mechanisms might
contribute to HCV-associated disease pathogenesis.
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