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Introduction

Summary

Chronic hepatitis C virus (HCV) infection is associated with cirrhosis,
autoimmunity and lymphoproliferative disorders. We have previously
reported a differential regulation of T and B lymphocytes by HCV core
protein in vitro. In this report, we employed a translational approach to
characterize the activation status of peripheral B cells from individuals
with chronic HCV infection and to explore potential mechanisms for
B-cell dysregulation in the setting of HCV infection. In contrast to the
T-cell suppression observed in HCV-infected individuals, B cells exhibit a
non-specific polyclonal activation phenotype, characterized by significantly
higher levels of (1) the early activation marker, CD69, (2) the costimula-
tory molecule, CD86, and (3) the CCR5 chemokine receptor, CD195,
when compared with B cells from healthy donors in response to phyto-
haemagglutinin (PHA) stimulation. Importantly, tumour necrosis factor-
and Apo-L-related leucocyte-expressed ligand-1 (TALL-1), also known as
B-lymphocyte stimulator (BLYS), was found to be up-regulated on the
surface of B cells from HCV patients in response to PHA as well as HCV
core antigen stimulation. This up-regulation of TALL-1 was associated
with vigorous memory B-cell responses to viral antigenic stimulation.
Additionally, suppressor of cytokine signalling-1 (SOCS-1), a negative
feedback immunoregulator that is inhibited in B lymphocytes by HCV
core in vitro, was also inhibited in B cells from HCV patients when com-
pared with healthy donors. These findings suggest that TALL-1 over-
expression and SOCS-1 suppression are associated with aberrant B-cell
activation, providing a plausible basis for the B-cell clonal expansion
underlying the lymphoproliferative disorders and autoimmune pheno-
mena observed during chronic HCV infection.

Keywords: autoimmunity; B cells; hepatitis C; suppressor of cytokine
signalling-1 (SOCS-1); tumour necrosis factor- and Apo-L-related leuco-
cyte-expressed ligand-1 (TALL-1)/BAFF/BLYS

extensive studies explore the mechanisms of HCV-specific
CD4" CD8" T-cell dysfunction, less well-understood are

Hepatitis C virus (HCV) infects over 170 million people
worldwide and exhibits a remarkable propensity toward
chronic viral persistence. It remains the major factor in
the development of chronic hepatitis leading to cirrhosis
and hepatocellular carcinoma. Chronic HCV infection is
also associated with B-cell lymphoproliferative disorders,"”
including most notably mixed cryoglobulinaemia (MC)
and B-cell non-Hodgkin’s lymphoma (NHL). While
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the mechanisms for the B-cell dysregulation that occurs
during chronic HCV infection.” This dysregulation is
manifest in several ways, including aberrant B-cell prolifer-
ation, a decreased threshold for B-cell activation, and
overproduction of antibodies that are ineffective in con-
trolling viral infection.” Interestingly, while T-cell func-
tions in chronically HCV-infected individuals are

characterized by an anergic/exhausted phenotype, limited
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studies suggest that B-cell functions are characterized by
an activation phenotype with polyclonal expansion and
production of ‘nonsense’ immunoglobulins that may be
associated with autoimmune disorders. We have previ-
ously shown that the core antigen of HCV can enhance
B-cell activation and proliferation in vitro while suppress-
ing T-cell functions, and that this differential regulation is
associated with modulation of suppressor of cytokine sig-
nalling-1 (SOCS-1) proteins, negative immunomodulators
that can inhibit signal transducer and activator of tran-
scription (STAT) members.* Translational studies on the
regulation of SOCS-1 and B-cell signalling in HCV-
infected patients are, however, lacking.

An understanding of the mechanisms underlying B-cell
activation and proliferation has been advanced by the
identification of tumour necrosis factor- and Apo-L-
related leucocyte-expressed ligand-1 (TALL-1), also called
B-cell activating factor (BAFF) or B-lymphocyte stimula-
tor (BLYS).>® TALL-1 is a 285-amino-acid protein
encoded by a gene on chromosome 13q32-34 and
expressed by myeloid cells, including activated B cells
and monocytes/macrophages/dendritic cells.””” Compel-
ling evidence suggests that TALL-1 plays a pivotal role
in B-cell haematological and autoimmune diseases in
humans, including systemic lupus erythematosus, sys-
temic sclerosis, rheumatoid arthritis, Sjogren’s syndrome,
NHL and myeloma; limited data suggest a role in viral
infections such as human immunodeficiency virus (HIV)
and HCV as well.**"> Interestingly, transgenic mice
over-expressing TALL-1 develop B-cell hyperactivation/
proliferation in both the peripheral blood as well as mar-
ginal zones of lymph nodes, with production of high
titres of immunoglobulins, rheumatoid factor, anti-DNA
antibodies and cryoglobulins.'®'® An increased serum
level of TALL-1 detected by enzyme-linked immuno-
sorbent assay has been recently reported in the setting of
MC and HCV infection.*'*'> TALL-1 expression levels
on B cells in the setting of HCV infection remain
unknown.

We have previously identified a differential regulation
of B-cell and T-cell functions by HCV core antigen
in vitro.”® In the translational studies described in this
report, we have examined the activation status of B cells
from HCV-infected patients and explored the underlying
mechanisms. We found that, in contrast to the well-doc-
umented T-cell exhaustion that occurs in HCV-infected
individuals, B lymphocytes from these individuals exhibit
a polyclonal activation phenotype and TALL-1 plays an
important role in B-cell over-activation in response to
both viral antigen and non-specific immune signalling.
Additionally, we observed SOCS-1 suppression in vivo in
B cells from chronically HCV-infected individuals,
supporting the concept of a differential regulation of
lymphocyte function in the setting of chronic HCV
infection.
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Materials and methods

Subjects

An institutional review-board-approved protocol at East
Tennessee State University (Johnson City, TN) has con-
tributed to a database for the storage of blood samples
from HCV-infected individuals. Blood from healthy
donors serves as a normal control. Thirty-eight chroni-
cally HCV-infected patients, two spontaneously resolved
HCV patients, one pegylated interferon + ribavirin-trea-
ted HCV patient with a sustained virological response,
and 10 healthy donors are included in this study. For cer-
tain experiments, such as reverse transcription—polymer-
ase chain reaction (RT-PCR), isolation of enough cells
required the use of several patient samples at once and
limited our ability to use the results for additional stud-
ies. We included those individuals with chronic HCV
infection confirmed by measurable HCV RNA and not on
therapy, and we did not include those patients with diag-
nosed autoimmune disease.

Cell isolation and culture

Human peripheral blood mononuclear cells (PBMC) were
isolated from the peripheral blood of healthy donors by
Ficoll density centrifugation with lympholyte-H (Cedar-
lane Labs, Burlington, NC). In certain experiments, B and
T lymphocytes were further purified from isolated PBMC
by incubation with a magnetic beads-conjugated anti-
CD3 or fluorescein isothiocyanate (FITC)-conjugated
anti-CD20 antibody, followed by positive selection (Milte-
nyi Biotec, Auburn, CA) per the manufacturer’s instruc-
tions. Purified cells were washed twice and cultured with
RPMI-1640 (Life Technologies, Gaithersburg, MD), con-
taining 10% (v/v) fetal bovine serum (Life Technologies),
penicillin—streptomycin (100 pug/ml for each drug; Life
Technologies), L-glutamine (2 mM) and 2-mercapto-
ethanol (5-5 x 107> m; Life Technologies) at 37° with 5%
CO, in a humidified atmosphere.

Flow cytometry

To determine TALL-1 expression on B lymphocytes,
1 x 10° purified PBMC were stimulated with either 5 pg/
ml phytohaemagglutinin (PHA; Sigma, Saint Louis, MI),
or 1 ug/ml HCV core or fi-gal protein (ViroGen, Water-
town, MA), for 24 hr. The treated cells were then washed
three times in fluorescence-activated cell sorting (FACS)
medium (RPMI-1640 supplemented with 10% fetal
bovine serum and 1% NaNj;) at 200 g for 5 min at 4°,
resuspended in 100 pl of FACS medium containing 20 ul
of phycoerythrin (PE)-conjugated anti-TALL-1 conjugate
(BD Pharmingen, San Diego, CA), and double-stained
with 20 pl FITC-anti-CD20 conjugate (BD Pharmingen),
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or triple-stained with 20 ul of allophycocyanin-conjugated
anti-CD27 (eBioscience, San Diego, CA) by incubating at
4° in the dark for 1 hr. The cells were then washed three
times in phosphate-buffered saline before flow cytometric
analysis (Becton Dickinson, San Jose, CA). The primary
isotype controls were used to determine the level of back-
ground staining; 20 000 events were collected after gating
on lymphocyte populations.

To determine the expressions of CD69, CD86, CD195
and immunoglobulin G (IgG) on the surface of B cells,
1 x 10° isolated PBMC were activated with PHA for
24 hr. The PE-anti-CD69, -CD86, -CD154, -CD195 and
FITC-anti-CD20 double staining and flow cytometry anal-
ysis were carried out as above.

RT-PCR

Between 2 X 10° and 3 x 10° B lymphocytes purified by
magnetic beads (Miltenyi Biotec) from six HCV patients
or three healthy donors were freeze—thawed once, and
total RNA was isolated from these cells using an RNA iso-
lation kit (Qiagen Sci., Valencia, CA). A total of 1 ug
RNA was treated with DNAse to digest genomic DNA and
1 ul RNA was then reverse-transcribed using murine leu-
kaemia virus (MuLV) reverse transcriptase under condi-
tions of 10 min at room temperature, 20 min at 42°,
5 min at 99° and 5 min at 4°. One microlitre of 1 : 10 ser-
ies diluted complementary DNA (cDNA: 1:1, 1:10,
1:100) generated in the RT reaction was added to the
PCR. The PCR was carried out using the following primer
pairs: SOCS-1 sense 5-ATG GTA GCA CAC AAC CAG
GTG-3'; antisense 5-TCA AAT CTG GAA GGG GAA
GGA-3'; hB2M sense 5'-ATG CCT GCC GTG TGA ACC
AT-3’; antisense 5'-CAT CCA ATC CAA ATG CGG CAT
CT-3' for 35 cycles of 95° for 45 seconds, 58° for 45 sec-
onds, 72° for 45 seconds, followed by a single 10-min
extension at 72°. To control for genomic DNA contamina-
tion, equal amounts of cDNA from each sample were PCR
amplified without RT. The resulting PCR products were
separated on a 2% BioGel (Bio 101; Molnlycke Health
Care US, Carlsbad, CA) and viewed using a multi-imager.

Immunoblotting. B lymphocytes were purified from
human PBMC using magnetic beads (Miltenyi Biotec) in
accordance with the manufacturer’s instruction. A total of
2 x 10° purified cells were activated with PHA (5 ug/ml;
Sigma) at 37° in a 5% CO, atmosphere for 24 hr. Cell
lysates were prepared for 30 min at 4° with a lysis buffer
(Life Technologies). Cell lysates were sonicated three
times for 1 min each time. Cellular debris was pelleted by
centrifugation at 16 000 g and supernatants were collected
and frozen at —80°.

A total of 80 ug protein was denatured with sample
loading buffer at 100° for 5 min and resolved by sodium
dodecyl sulphate—polyacrylamide gel electrophoresis,
followed by semi-dry transfer (Amersham Pharmacia
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Biotech, Pittsburg, PA) to a Hybond-P membrane (Amer-
sham Biosciences, Arlington Heights, IL). After blocking in
Blotto-Tween-20 (10 mm Tris=HCl, 0-9% NaCl, 0-1%
Tween-20, 5% non-fat dry milk) at room temperature for
1 hr, the membrane was probed with monoclonal antibody
(Millipore, Billerica, MA) to SOCS-1 (1 : 500). After sev-
eral 5-min washes with Tris-buffered saline-Tween and
Tris-buffered saline, the membrane was incubated with
horseradish peroxidase-conjugated goat anti-mouse anti-
body (1 : 10 000) and subsequently developed by enhanced
chemiluminescence (ECL-plus; Amersham Biosciences) on
X-OMAT-LS X-ray film (Kodak, Rochester, NY). The
membrane was stripped and re-probed with goat poly-
clonal antibody to f-actin (1 : 500; Santa Cruz Technolo-
gies, Santa Cruz, CA) followed by polyclonal anti-goat IgG
secondary antibody (1 : 10 000) before development as
described above.

Statistical analysis

Data were shown as mean = SD and the level of signifi-
cance was determined using an ANovA program/STATA/SE
8.0 software (StataCorp LP, College Station, TX). P-values
< 0-05 were considered significant and < 0-01 were con-
sidered very significant.

Results

B cells exhibit an activation phenotype during chronic
HCV infection

As an initial approach to explore the underlying mecha-
nisms for these HCV-associated B-cell lymphoproliferative
disorders, we first compared the activation status of B
cells from chronic HCV patients and healthy subjects,
including the cell surface expression levels of CD69 — an
early lymphocyte activation marker; CD86 —a B7-2 co-
stimulatory molecule; CD195 —a chemokine receptor
(CCRS5); and their ability to produce IgG.

To this end, PBMC isolated from both HCV patients
and healthy donors were stimulated with PHA for 24 hr
and the expressions of B-cell activation markers were
measured by flow cytometry analysis following PE-anti-
CD69, PE-anti-CD86, PE-anti-CD195, or PE-anti-IgG plus
FITC-anti-CD20 double-staining. As shown in Fig. 1, B
cells from chronically HCV-infected patients had relatively
higher expression levels of CD69 (62-31 + 21-99%, n =
12), CD86 (5424 + 32:65%, n = 12), CD195 (29-30 +
15-92%, n = 12), compared with those from healthy
donors (43-66 £ 17:80%, n =9, P =0-045 3265+
18-81% n =9, P=0-039; 1341 +7-28%, n=9, P=
0-022, respectively), suggesting that B lymphocytes in HCV
infection exhibit an aberrant activation status. Expression
levels of IgG, although increased in the HCV population,
did not reach statistical significance (38-54 + 19-79%,
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Figure 1. B cells from chronically hepatitis C virus (HCV)-infected
individuals exhibit an activation phenotype compared with those
from healthy donors. Peripheral blood mononuclear cells (PBMC)
were isolated from 12 chronically HCV-infected patients (filled sym-
bols) and nine healthy donors (open symbols). The cells were stimu-
lated with phytohaemagglutinin for 24 hr, and the expressions of
CD69, CD86, CD195 and immunoglobulin G (IgG) on CD20" B
cells were examined by flow cytometry as described in the Materials
and methods. The percentage of lymphocyte activation marker-posi-
tive cells in the gated B-cell population, and the statistical analysis
(P-values) between chronic HCV-infected individuals versus healthy
donors, are shown.

n =10) when compared with healthy donors (29-91 *
17-51%, n = 7, P > 0:05).

TALL-1 is up-regulated on B cells from patients with
HCV infection

We next detected the expression levels of TALL-1 on the
surface of B cells from HCV-infected individuals and
healthy donors by flow cytometry. As shown in Fig. 2, B
cells from HCV patients exhibit relatively higher levels of
TALL-1 expression in response to PHA stimulation than
healthy control subjects (32-23 £ 11-39% n = 12 versus
1742 + 6:29%, n = 9; P < 0-01). The B cells employed in
these experiments were also employed in the studies of
B-cell activation markers, and TALL-1 up-regulation
correlated with the up-regulation of B-cell markers
including CD69  (Pearson correlation R = 0-588,
P =10-027) as well as CD195 (R = 0-763, P = 0-002).
Interestingly, we also examined TALL-1 expression on B
cells from two spontaneously resolved, HCV-infected
individuals and one successfully treated HCV-infected
individual and found these levels to be comparable to
those in healthy subjects, with the individual recently
successfully treated still exhibiting slightly elevated levels
of TALL-1 expression (data not shown).

In addition to responses to non-specific stimulation, we
also determined whether TALL-1 expression on B cells
might be activated in an HCV antigen-driven, specific
manner. We therefore examined TALL-1 expression in B
cells from HCV-infected individuals and healthy donors
exposed to HCV core or a control protein, f(-gal. As
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Figure 2. Tumour necrosis factor- and Apo-L-related leucocyte-
expressed ligand-1 (TALL-1) up-regulation on B cells from hepatitis
C virus (HCV)-infected patients versus healthy donors in response
to mitogenic stimulation. Peripheral blood mononuclear cells
(PBMC) isolated from both HCV patients (n = 12) and healthy
donors (n = 9) were stimulated with phytohaemagglutinin for 24 hr,
and TALL-1 expression on the surface of B lymphocytes was mea-
sured by flow cytometric analysis following phycoerythrin-conjugated
anti-TALL-1 and fluorescein isothiocyanate-conjugated anti-CD20
double staining. A representative dot plot with percentage of TALL-
1-positive cells in the B cells from an HCV patient versus healthy
donor is shown above; and the mean + SD percentages of TALL-1
expression on B lymphocytes from 12 HCV patients versus nine
healthy donors are shown below; *P < 0-05.

shown in Fig. 3, HCV core protein can drive TALL-1
expression on B cells derived from healthy donors from
9:2% to 16-5%; whereas core up-regulated TALL-1
expression from 13:-1% to 36-5% on B cells derived from
chronically infected individuals. In addition, a compari-
son of TALL-1 expression levels on B cells exposed to
only f-gal in the two groups revealed that HCV-infected
individuals exhibit a modestly higher level of TALL-1
expression on B cells relative to those of healthy donors
at baseline (13-1% versus 9-2%, P > 0-05); whereas B cells
treated with HCV core exhibit a much higher level of
TALL-1 in HCV patients compared with healthy donors
(36-5% versus 16-5%, P < 0-05). This very significant
increase in HCV core-mediated TALL-1 expression on B
cells from HCV patients suggests the possibility of a
vigorous memory response of B lymphocytes in HCV-
infected individuals to viral antigen stimulation.

It has been well recognized that chronic HCV infection
is associated with polyclonal B-cell proliferation in both
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B-gal HCV-core

— 16-5%

2

%)

+8 Healthy

o 1 ; donor
¢

= 4 £

10% 10" 102 10® 10*10° 10" 102 10® 10*
3
* 36-5%

G HCV
Rt patient

10° 10" 102 10° 10*10° 10" 102 10° 10*
> CD20

451
404 OB-gal
351 M Core
301
254
20
154
10
5-

TALL-1 *cells (%)

Healthy donors HCV patients

Figure 3. Hepatitis C virus (HCV) core protein up-regulates tumour
necrosis factor- and Apo-L-related leucocyte-expressed ligand-1
(TALL-1) expression on B lymphocytes. Peripheral blood mono-
nuclear cells (PBMC) isolated from both HCV patients and healthy
donors were stimulated with either HCV core or control protein,
f-gal, for 24 hr; and TALL-1 expression on the surface of B lympho-
cytes was measured by flow cytometry following phycoerythrin-
conjugated anti-TALL-1 and fluorescein isothiocyanate- conjugated
anti-CD20 double staining. A representative dot plot with percentage
of TALL-1-positive cells on the B cells from an HCV patient versus
a healthy donor is shown above; and the mean + SD percentage of
TALL-1 expression on B lymphocytes from three HCV patients
versus three healthy donors are shown below; *P < 0-05; **P < 0-01.

the periphery and lymph nodes/organs, characterized by a
low threshold memory B-cell (CD20" CD27") expansion
upon antigenic stimulation. Whether TALL-1, a known
factor for B-cell survival, is associated with viral antigen-
driven memory B-cell responses during HCV infection is
unknown. We therefore further examined TALL-1 expres-
sion on CD20" CD27" memory B lymphocytes from
HCV-infected patients compared with those from healthy
donors in response to HCV core antigen by triple stain-
ing. As shown in Fig. 4, PBMC gated on lymphocytes
were further gated on CD20" B lymphocytes based on
isotype control, and then TALL-1 expression on CD27"
memory B cells was assayed. TALL-1 expression on mem-
ory B cells from healthy donors was up-regulated by
HCV core protein (from 10-1% to 16-8%); whereas its
expression on memory B cells from HCV patients was
increased by a very significant margin (from 15-1% to
41-7%) upon exposure to HCV core protein. This is
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Figure 4. Hepatitis C virus (HCV) core protein up-regulates tumour
necrosis factor- and Apo-L-related leucocyte-expressed ligand-1
(TALL-1) expression on memory B lymphocytes. Peripheral blood
mononuclear cells (PBMC) isolated from HCV-infected patients and
healthy donors were stimulated with either HCV core or control
protein, f-gal, for 24 hr; and TALL-1 expression on the surface of
memory B lymphocytes was measured by flow cytometry following
phycoerythrin-conjugated anti-TALL-1, allophycocyanin-conjugated
anti-CD27 and fluorescein isothiocyanate-conjugated anti-CD20 tri-
ple staining. PBMC were first gated on lymphocyte populations, and
CD20" B lymphocytes were further gated based on FITC isotype
control; TALL-1 expression on the CD20" CD27" cells was then
analysed. Above, a representative dot plot with percentage of TALL-
1-positive cells on the memory B cells from an HCV patient versus a
healthy donor is shown; below, the mean + SD percentage of TALL-
1 expression on memory B lymphocytes from three HCV patients
versus three healthy donors is shown; **P < 0-01.

equivalent to what was observed upon core antigen stim-
ulation of the entire B-cell population (as shown in
Fig. 3), suggesting that the viral antigen-mediated
increases in TALL-1 expression on B lymphocytes from
HCV-infected individuals is primarily a function of a vig-
orous memory B-cell recall response to viral antigenic
stimulation.

SOCS-1 and programmed death ligand-1 expression
levels are altered in B cells from individuals with
HCV infection

Because we have previously found down-regulation of
SOCS-1 and over-activation of B cells exposed to HCV
core in vitro, we next, investigated whether SOCS-1 sup-
pression is associated with up-regulation of TALL-1 in B
cells during HCV infection. We measured SOCS-1 mes-
senger RNA (mRNA) in purified B cells from HCV-
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Figure 5. Suppressor of cytokine signalling-1 (SOCS-1) is suppressed
in B lymphocytes from hepatitis C virus (HCV) patients versus
healthy donors. (a) SOCS-1 RNA expression is suppressed in B cells
from individuals with HCV infection. B cells were purified from six
chronically HCV-infected patients and three healthy donors using
magnetic beads, and total RNAs were isolated for semi-quantitative
reverse transcription—polymerase chain reaction (RT-PCR) amplify-
ing the SOCS-1 gene, as described in the Materials and methods. The
hB2M housekeeping gene was amplified from the same amount of
complementary DNA (cDNA) as a control. The amplified gene prod-
ucts from 1:1, 1:10, and 1 : 100 diluted cDNA used for PCR are
shown. HD, healthy donors; HCV, HCV patients. The results were
reproducible in two independent experiments using RNAs isolated
from six chronically HCV-infected patients and three healthy donors.
(b) SOCS-1 protein expression is suppressed in B cells during HCV
infection. Magnetic antibody cell sorting-purified B cells were iso-
lated from either a healthy donor (HD) or an HCV-infected individ-
ual (HCV) and subjected to immunoblotting. f-Actin serves as a
control. Immunoblot results were reproducible in at least two inde-

pendent experiments.

infected patients and healthy donors by semi-quantitative
RT-PCR. As shown in Fig. 5(a), B cells isolated from a
pool of chronically HCV-infected individuals exhibit
significantly less SOCS-1 expression compared with those
from healthy subjects. These data were reproducible in
two independent experiments using B cells isolated from
six HCV patients and three healthy donors to achieve suf-
ficient RNA. In addition, SOCS-1 protein expression was
similarly suppressed in the setting of HCV infection when
assayed by immunoblotting (Fig. 5b). These data confirm
our in vitro studies suggesting that HCV alters SOCS-1
mRNA and protein expression, and provide a novel
model for the observed B-cell hyperproliferation observed
in vitro in response to HCV core antigen and observed
in vivo in chronically infected subjects.

We and others have previously shown that, like SOCS-
1, the programmed death-1 (PD-1)/PD ligand-1 (PDL-1)
pathway is involved in T-cell exhaustion during HCV
infection; a role in B-cell dysfunction, however, is
unknown.?"** To determine whether this negative regula-
tory pathway participates in dysregulating B-cell activa-
tion, we examined the expression levels of PD-1 and
PDL-1 on the surface of B cells isolated from both HCV-
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infected patients and healthy subjects. The PD-1 expres-
sion levels on CD20" B cells in both groups of subjects
were low and not significantly different (11-60 £ 2:49%
versus 9-31 + 2:44%, P > 0-05), whereas PDL-1 expres-
sion levels were significantly higher on the surface of B
cells from HCV patients compared with those from
healthy subjects (42:80 % 24-00% versus 20-60 * 10-32%,
P < 0-05). While it appears that B-cell PD-1/PDL-1 sig-
nalling may not be contributing to the observed B-cell
abnormalities, it is certainly possible that the higher level
of PDL-1 expression on B cells contributes to the sup-
pression of T cells because these have been shown to
express significantly higher levels of PD-1 in the setting of
chronic HCV infection.

Discussion

In addition to chronic hepatic disease, HCV infection is
strikingly associated with multiple extrahepatic manifesta-
tions that are related to B-cell proliferative disorders.’
Anti-HCV antibodies, monoclonal IgM with anti-IgG
rheumatoid factor activity, and autoimmune anti-nuclear
and anti-cardiolipin antibodies are observed in liver
tissue, bone marrow and peripheral blood in about half
of HCV-infected individuals.”>*> Although some data
suggest that TALL-1 secretion or the anti-apoptotic Bcl-2
protein may be involved in non-specific B-cell prolifera-
tion to antigen-driven stimulation, the mechanisms by
which B-cell activation occurs during HCV infection
remain poorly defined. In this translational study, we
have found abnormal B-cell activation during HCV infec-
tion that is associated with dysregulation of key proteins
that control cellular proliferation, with over-expression of
TALL-1 and suppression of SOCS-1. This involved regu-
lation of lymphocyte activation markers, boosting of
memory lymphocyte responses, and alterations in adapter
pathways is fundamental to lymphocyte functions.

Mixed cryoglobulinaemia is the major extrahepatic
manifestation of HCV infection and is found in 30-50%
of HCV patients, who also have a high prevalence of B-
NHL;***® over 90% of individuals with MC are found to
have HCV infection.””*° Investigators have suggested that
persistent HCV antigen may stimulate crucial cell signal-
ling pathways, including Toll-like receptor pathways, lead-
ing to T-dependent B-cell expansion and predisposing the
patient to autoimmune and lymphoproliferative disorders
such as MC.>"** In addition, B-cell expansion followed by
the induction of autoimmunity may initiate the produc-
tion of pro-inflammatory cytokines such as tumour necro-
sis factor and contribute to liver inflammatory necrosis
and fibrosis. Consequently, successful treatment of HCV
infection with interferon/ribavirin, or elimination of B
cells with novel anti-CD20 chimeric antibodies such as rit-
uximab, may lead to the resolution of MC, regression of
IgM overproduction, and clearance of B-cell clones.”°
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The mechanisms underlying B-cell activation during
chronic HCV infection are not completely known. An
antigen-driven process might be involved, and our data
clearly support a role for viral antigen and innate
immune stimulation in abnormal B-cell activation.
Intriguingly, HCV core is secreted from infected cells and
circulates in the bloodstream of infected individuals at
levels consistent with those used in our experiments.’”*®
In addition, the amount of free core protein or core pro-
tein expressed on the surface of infected cells is greater in
the micro-environment of the liver, where virus replica-
tion occurs quite vigorously in early infection. Hence,
HCV core protein appears to be present in the setting of
clinical infection and could play a role in antigen-medi-
ated B-cell expansion. We have previously demonstrated
that HCV core binds gC1qR, a receptor that is expressed
on CD20" B cells. This interaction induces increased cell
surface expression of IgM, IgG and key B-cell activation
markers including CD69, CD40L, B7-2 and CCRS5. In the
current study, we have extended these findings in vivo
and found similar B-cell activation profiles in chronically
HCV-infected individuals.

Importantly, we found that TALL-1 was up-regulated
on B lymphocytes by viral antigen and non-specific
immune stimulation during HCV infection, and that the
up-regulation of TALL-1 on B cells from HCV-infected
patients was primarily comprised of a vigorous memory
B-cell response to viral antigenic stimulation. The biologi-
cal meaning of this over-expression deserves careful inter-
pretation and additional investigation. It may represent a
pathogenic epiphenomenon of activated B cells that
secrete TALL-1, or an intrinsic factor that stimulates aber-
rant B-cell activation, favouring both autoimmunity and
lymphoproliferation. Alternatively, an endogenous inter-

Hepatitis C virus infection

Figure 6. Model for B-cell over-activation in
the setting of chronic hepatitis C virus (HCV)
infection. The HCV viral gene products,
including most notably HCV core antigen
signalling via gClqR, lead to down-regulation
of suppressor of cytokine signalling-1 (SOCS-
1) expression and up-regulation of TALL-1
expression in B cells, favouring the cellular
proliferation/clonal expansion that is the driv-
ing force underlying HCV-related extrahepatic
diseases. T-cell exhaustion mediated by pro-
grammed death-1/programmed death ligand-1
leads to poor viral clearance and persistent
antigenaemia.
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B-cell activation in HCV infection

feron response to viral antigen may increase TALL-1
expression by myeloid cells,’ initiating the cell stimulation
cascade. Nevertheless, over-expression of TALL-1 in
chronic HCV infection may attenuate the sensitivity of B
cells to spontaneous apoptosis, and in doing so may
favour their survival. Indeed, the TALL-1 pathway has
been recently demonstrated to alter B-cell homeostasis in
the course of Epstein—Barr virus and HIV infections,*
suggesting that a similar mechanism might be employed
in different chronic viral infections. In light of this, TALL-
1 would represent a link between infection, lymphoprolif-
eration and autoimmunity. It is also feasible that the loss
of effective T-cell responses observed in HCV infection
may contribute to poor control of viral replication and in
turn drive antigen-mediated B-cell expansion through up-
regulation of TALL-1. We have shown that HCV core can
alter multiple T-cell functions via gCl1qR.*'~**

It is interesting to note that our limited data suggest
that TALL-1 levels on B cells from spontaneously resolved
HCV patients are comparable to those of healthy subjects.
It has been reported that treatment of HCV-infected
patients with interferon may transiently increase the
expression of TALL-1, with normalization when antiviral
therapy is suspended or when HCV viraemia is con-
trolled.* While interferon therapy can be effective in
HCV-related MG, a proportion of MC patients may
have persistent active disease despite clearance of viral
RNA; MC sequelae such as neuropathy, nephritis and
skin ulcers may even worsen on therapy, and the onset of
MC may occur after interferon therapy is initiated.*>*’
The possibility that TALL-1 up-regulation by interferon-
based therapy might in part contribute to these effects in
predisposed individuals should be considered in this sce-
nario and further studies are warranted.
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A relationship between abnormal B-cell activation and
TALL-1 over-expression appears evident, and as such the
cellular and molecular basis of such TALL-1 up-regula-
tion becomes crucial. The SOCS proteins are considered
immunomodulators and represent a powerful mechanism
for regulating Janus kinase (JAK)/STAT pathways and
ultimately cytokine production and cell proliferation.*®
The role of this negative immunomodulator in B cells
during HCV infection, however, has not been well-stud-
ied. Our results suggest that B-cell activation in HCV
infection is associated with suppression of SOCS-1
expression. This finding represents the first evidence of
an association between over-expression of TALL-1 and
suppression of SOCS-1 during abnormal B-cell activation
during HCV infection. A potential model would include
chronic antigen exposure to circulating HCV core induc-
ing dysregulation of T-cell responses and both promoting
an anergic state via up-regulation of SOCS proteins and
inducing down-regulation of SOCS-1 expression and up-
regulation of TALL-1 in B cells.”” This might contribute
to the B-cell clonal expansion that is currently thought
to be the impetus behind the development of MC and
NHL (Fig. 6). Other potential viral antigens, including
E1/E2 interacting with CD81, could potentially also be
involved in this process but data in this area are as yet
limited.

Interestingly, several investigators have found either
inactivation or suppression of SOCS-1 in the setting of
uncontrolled growth and malignancies, including notably
multiple myeloma but also breast, pancreatic and ovarian
cancers.””>" How this regulatory molecule might be
involved in the development of MC and NHL in chroni-
cally HCV-infected patients is unknown but is currently
under investigation. It is feasible that abnormal B-cell
activation and over-expression of TALL-1 are linked
through the SOCS-1 intracellular signalling pathway. This
hypothesis reinforces the critical role for additional
research to elucidate the intrinsic mechanisms for TALL-1
up-regulation and SOCS-1 suppression during chronic
HCV infection. It also creates exciting possibilities for
decoying TALL-1 or boosting B-cell SOCS-1 signalling in
future therapeutic algorithms for HCV-associated auto-
immune disease.
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