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Abstract
Mixed cryoglobulinemia (MC) is the most common extrahepatic manifestation of chronic hepatitis
C virus (HCV) infection. Although the formation of inflammation-triggering immune complexes
is driven by clonal expansions of autoreactive B-cells we paradoxically found total B-cell numbers
reduced in HCV-infected patients with MC. HCV patients with MC (n=17) also displayed a
reduced number and a reduced frequency of naïve B-cells compared to HCV-infected patients
without MC (n=19), HBV-infected patients (n=10) and uninfected controls (n=50). This was due
to an increased sensitivity of naïve B-cells to apoptosis resulting in a reduction in the size of the
naïve B-cell subset. In addition, four-fold expansion and skewing (lower T1/T2-ratio) of the
immature B-cell subset was noted in MC patients suggesting that apoptosis of naïve B-cells
triggered the release of B-cell precursors from the bone marrow in an attempt to maintain normal
B-cell numbers.

Following treatment of MC with the B-cell-depleting antibody Rituximab, the size of all B-cell
subsets, the T1/T2-ratio and cyroglobulin levels normalized. Cryoglobulin levels correlated with
in vivo proliferation of T2 B-cells, suggesting a link between the skewing of the T1/T2-ratio and
the formation of immune complexes.

Conclusion—This study provides insight into the mechanisms maintaining B-cell homeostasis
in HCV-induced MC, and the ability of Rituximab therapy to restore normal B-cell compartments.
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Introduction
Chronic Hepatitis C virus (HCV) infection is associated with extrahepatic manifestations
that include B-cell disorders. Mixed cryoglobulinemia (MC), the most common of these B-
cell abnormalities, is characterized by clonal proliferation of B-cells and the formation of
cold-precipitable cryoglobulin complexes composed of IgM antibodies with rheumatoid
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factor (RF) activity [reviewed in (1, 2)]. Cryoglobulins can be detected in 30–50% of
chronically HCV-infected patients. About 10–15% of these patients will develop small
vessel vasculitis, glomerulonephritis and neuropathy due to immune complex deposition in
small blood vessels and activation of the complement cascade, and about 10% will develop
B-cell non-Hodgkin lymphoma (2).

Despite activation and clonal expansion of B-cells in chronic HCV infection the number of
B-cells in the blood does not increase (3, 4), and surprisingly we found it to be reduced in
HCV-infected patients with MC. To investigate the mechanisms of B-cell homeostasis in the
presence of large numbers of clonal B-cells, we performed a cross-sectional study on B-cell
subsets of HCV patients with and without MC. B-cells of hepatitis B virus (HBV)-infected
patients and uninfected blood donors were studied as controls. We also performed a
prospective study to investigate whether B-cell homeostasis of HCV-infected patients with
MC can be restored.

Treatment of HCV-associated MC has focused on reducing immune complex levels by
targeting HCV load (which is thought to serve as an antigenic stimulus for the formation of
cryoglobulins) through antiviral therapy with pegylated interferon (IFN) and ribavirin (5).
However, less than 50% of treated patients show a sustained virologic response and the
underlying B-cell disorder persists in patients in whom antiviral therapy fails. Rituximab, a
drug developed for treating B-cell lymphoma, has been evaluated as an alternative treatment
in symptomatic patients who do not respond to antiviral therapy. Rituximab, a chimeric
murine/human monoclonal antibody that targets the CD20 antigen on the surface of all
mature B-cells except long-lived plasma cells, and on some immature B-cells (6), triggers B-
cell death through direct lysis and complement-dependent or antibody-dependent
cytotoxicity, resulting in the near complete depletion of circulating B-cells. Recovery of B-
cells commences approximately 6 months after cessation of therapy with B-cell numbers
and cryoglobulin levels normalizing within six additional months (6).

Our study provides mechanistic data explaining alterations in B-cell subset size in chronic
HCV patients with and without MC in comparison to HBV-infected patients and uninfected
controls. Additionally we provide novel insight into the effect of Rituximab on the immature
B-cell compartment.

Materials and Methods
Study participants

36 patients with chronic hepatitis C with (n=17) and without MC (n=19, table I), 10 patients
with chronic HBeAg+ HBV infection and 50 uninfected blood donors gave written informed
consent to study protocols that conformed to the ethical guidelines of the 1975 Declaration
of Helsinki and were approved by the NIDDK or NIAID institutional review boards.
Patients had either never been treated for chronic hepatitis or failed standard treatment more
than 1 year prior to this study. HCV RNA levels were determined by Cobas Amplicor HCV
Monitor v2.0 (Roche, Pleasanton, CA), cryoglobulins levels were measured in the NIH
clinical pathology department.

Rituximab treatment
Eligibility for treatment with 375 mg/m2 of Rituximab (Genentech, San Francisco, CA)
weekly for 4 weeks included HCV infection with MC, vasculitis in at least one organ, and
failure or inability to tolerate IFN-α/ribavirin treatment (7). Leukopacks were collected prior
to, and 4 and 12 months after treatment, and 50 ml blood was drawn 2, 6, 8 and 10 months
after cessation of treatment.
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B-cell analysis
Cryopreserved, thawed peripheral blood mononuclear cells (PBMC) were treated with Live/
Dead Fixable Violet dye (Invitrogen, Carlsbad, CA) and stained with antibodies to CD19,
CD20, CD10, CD27 and CD21 (BD Biosciences, San Jose, CA), and to CD14, CD3 and
CD56 (Biolegend, San Diego, CA). B-cell lymphoma-2 (Bcl-2; US Biologicals,
Swampscott, MA) and Ki-67 (Millipore, Billerica, MA) intracellular stains were performed
using BD Cytofix/Cytoperm kits (BD Biosciences). Samples were analyzed on an LSRII
flow cytometer using FACSDiva 6.1 (BD Biosciences) and FlowJo software (TreeStar Inc.,
Ashland, OR).

B-cell apoptosis assay
CD19+ B-cells of greater than 95% purity were obtained by negative bead selection
(Miltenyi Biotec, Auburn, CA). Immature and mature B-cell subsets (greater than 90%
purity) were subsequently separated using EasySep® Human CD10 Positive Selection kit
(Stem Cell Technologies, Vancouver, BC), incubated at 106 cells/mL in RPMI1640 with
10% fetal bovine serum (US Bio-Technologies, Pottstown, PA), 10 mM HEPES, 100 IU/mL
penicillin, 100 μg/mL streptomycin, and 2 mM L-glutamine (Mediatech, Herndon, VA) for
24h, then stained as above, fixed, permeabilised and stained with antibodies to cleaved
caspases 3 and 8 (Cell Signaling Technologies, Danvers, MA) and D4-GD1 (Imgenex, San
Diego, CA).

Statistics
Prism 5 (GraphPad software Inc, La Jolla, CA) was used to perform (i) Kruskal-Wallis test
followed by Dunn’s post-test for analysis of 3 or more groups, and (ii) Mann Whitney test
for analysis of two groups. P values of less than 0.05 were considered significant.

Results
Frequency and number of naïve mature B-cells are decreased in HCV-infected patients
with MC

Multicolor flow cytometry was used to phenotype B-cells of HCV-infected patients with and
without MC in comparison to control groups of chronic, HBeAg+ HBV-infected patients
and uninfected blood donors. HBV-infected patients were studied to assess general changes
in B-cell percentages and phenotype during chronic hepatitis.

After setting time, single cell and lymphocyte gates, CD19+ B-cells were selected and dead
cells, T-cells, NK cells and macrophages were excluded (Fig. 1A). CD19+ B-cells were
divided into mature and immature subsets based on CD10 expression (Fig. 1B). CD10−
mature B-cells were further divided into plasmablasts, activated, tissue-like memory, resting
mature and naïve B-cells based on CD21 and CD27 expression. CD10+CD27− immature
transitional B-cells were classified as T1 and T2 cells based on CD21 expression to mark
distinct stages of differentiation.

Based on reports of clonal B-cell expansions we expected an increased B-cell frequency in
the presence of MC. However, whereas white blood cell counts and absolute lymphocyte
counts did not differ among patients and uninfected controls (Suppl. Fig. 1A, B) the
frequency of CD19+ B-cells was significantly lower in HCV-infected patients with MC
(7.7±1.3%) than in those without MC (13.6±2.4%, p<0.05) and uninfected controls
(12.3±1.4%, p<0.05) (Fig. 2A). HCV-infected patients with and without MC also differed in
absolute numbers of CD19+ B-cells (103.6±26.9/μL versus 299.2±58.8/μL, p<0.05) (Suppl.
Fig. 1C).
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In addition to the reduced size of the CD19+ B-cell population, the frequency of
CD19+CD10− mature B-cells was lower in HCV-infected patients with MC (97.5±0.4%)
than in HCV-infected patients without MC (98.7±0.3%, p=0.07), uninfected controls
(99.3±0.1%, p<0.001) and HBV-infected patients (98.9±0.3%, p<0.001, Fig. 2B). This was
consistent with a decreased absolute number of CD19+CD10− mature B-cells in the blood
of HCV-infected patients with MC (101.5±26.5/μL) compared to HCV-infected patients
without MC (294.1±58.3/μL, p=0.05, Suppl. Fig 1D).

We next studied the size of individual mature B cell subsets and detected no change in the
percentage or absolute number of resting memory cells, tissue-like memory cells or
plasmablasts. However, HCV-infected patients with MC displayed a significantly reduced
frequency of naïve B-cells (53.9±4.7%), the largest mature B-cell subset, as compared to
HBV-infected patients (75±5.4%, p<0.001) and uninfected controls (74.3±1.6%, p<0.05,
Fig. 3, Fig. 4A). This was recapitulated in a reduction of the absolute number of naïve
mature B-cells in HCV-infected patients with MC (50.6±17.7/μL) compared to those
without MC (221.8±48.7/μL, p<0.001) and those with HBV infection (151.9±33.3/μL,
p<0.05, Suppl. Fig. 1E).

In contrast to the decreased frequency and number of naïve B-cells, the relative size of the
activated mature B-cell subset was increased in HCV-infected patients with MC
(10.6±2.1%) compared to HCV-infected patients without MC (4.3±0.8%, p<0.05), HBV-
infected patients (2.6±0.5%, p<0.001) and uninfected controls (2.7±0.3%, p<0.0001, Fig. 3,
Fig. 4B). This was expected because cryoglobulins are produced by clonally expanded
activated B-cells (8). However, this increased frequency did not result in an increased
absolute number of activated B-cells (Suppl. Fig. 1F).

Naïve B-cells of HCV-infected patients with MC display an increased apoptosis
susceptibility

To investigate the reasons for the decreased frequency and number of naïve B-cells we
examined their susceptibility to apoptosis. Naïve B-cells expressed significantly less
antiapoptotic protein Bcl-2 [mean fluorescence intensity (MFI) 7096] in HCV-infected
patients with MC than in HCV-infected patients without MC (MFI 12095, p<0.05) and
uninfected controls (MFI 13240, p<0.05, Fig. 4C) whereas activated B-cells did not exhibit
differential expression levels of Bcl-2 (Fig. 4D).

To confirm the functional relevance of differential Bcl-2 expression, B-cells were isolated
and immature B-cells removed by CD10-positive selection. The resulting B-cell population
was cultured overnight without growth factors or cytokines and mature B-cell subsets were
analyzed for apoptosis. Naive B-cells of HCV-infected patients with MC expressed higher
levels of activated caspase 3 and 8 than those of HCV-infected without MC and uninfected
controls (p<0.01, Fig. 4E). Apoptosis of naïve B-cells from HCV patients with MC was
confirmed by increased expression of D4-GD1, a substrate of active caspase 3, when
compared to naïve B-cells of HCV-infected without MC and uninfected controls (p<0.01,
Fig. 4E). Furthermore, caspase 3, caspase 8 and D4-GD1 MFI were increased in naïve B-
cells of HCV-infected patients with MC compared to uninfected controls and HCV patients
without MC (not shown). In contrast, caspase 3 and 8 and the caspase 3 substrate D4-GD1
were not differentially expressed in CD27+ activated/memory B-cells of HCV-infected
patients with and without MC and uninfected controls (Fig. 4F).

Of note, it was not possible to distinguish between naïve and tissue-like memory B-cells in
this assay as dying cells downregulate CD21. However, even if we could not formally
exclude the presence of apoptosis-prone, CD21− tissue-like memory cells, they were
unlikely to account for the large percentage (approx. 70%) of apoptotic cells in the culture
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because they compromise only a small (<5%) fraction CD19+ B-cells, which translates to at
most 10% of the cells in culture. Thus, naïve B-cells from HCV patients with MC were
more susceptible to apoptosis, which is reflected in their reduced percentage and number.
Since naïve B-cells make up the largest fraction of the mature B-cell compartment (approx.
75%) their reduced frequency may contribute to the observed reduction in CD19+ B-cell
numbers of HCV-infected patients with MC.

The size of the immature B-cell subset is increased in HCV-infected patients with MC
To investigate whether apoptosis of naive mature B-cells caused compensatory changes in
the immature subset, we studied immature transitional B-cells, which link the pro-B-cell
compartment in the bone marrow to the mature B-cell compartment in the spleen (9).
Immature B-cells that emigrate from the bone marrow to the spleen are defined as
transitional B-cells and can be distinguished from mature B-cells by the presence of CD10
and absence of CD27 (Fig. 1B). They gain expression of CD21 during their transition to
mature B-cells, and thus can be further classified into CD21− T1 and CD21+ T2 subsets
with T1 cells representing the developmentally earlier subset (9).

As shown in figure 5A, HCV-infected patients with and without MC displayed significantly
more immature transitional B-cells within the CD19+ B-cell compartment than uninfected
controls (1.2±0.27 and 2.5±0.43%, respectively, vs. 0.47±0.05%, p<0.001). This was not
due to leukopenia or lymphopenia as all HCV-infected patients displayed normal leukocyte
and lymphocyte counts (Suppl. Fig. 1A). Although the difference in the percentage of
immature transitional B-cells between HCV-infected patients with and without mixed
cryoglobulinemia did not reach statistical significance, HCV-infected patients with MC
displayed a significantly reduced T1-cell and an increased T2-cell percentage in the
immature transitional B-cell subset as compared to HCV-infected patients without MC
resulting in a decreased T1/T2-ratio of 1:5 (p<0.05, Fig. 5B). In contrast, HCV-infected
patients without MC maintained the same T1/T2-ratio of 1:3 as uninfected controls and
HBV patients (Fig. 5B).

Thus, HCV infection results in an increased frequency of immature transitional B-cells, and
in additional changes in the composition of the T1 and T2 subsets in the presence of MC.
The expansion of immature B-cells in the presence of MC may represent a reaction to the
decreased size of the mature naïve B-cell compartment. This hypothesis is consistent with a
trend that immature transitional B-cells from HCV-infected patients with MC expressed
higher levels of the proliferation marker Ki-67 than immature transitional B-cells from HCV
patients without MC and uninfected controls (not shown).

Rituximab-induced depletion and regeneration of the B-cell compartment restores the T1/
T2-ratio in the immature transitional B-cell subset

To determine how Rituximab treatment alters B-cell subset homeostasis we prospectively
studied nine HCV-infected patients with MC prior to and up to 12 months after treatment
with Rituximab. B-cell depletion to less than 0.05% of the circulating lymphocyte
population was achieved in all 9 patients (Fig. 6A, p<0.01 compared to pre-treatment). The
few B-cells that remained in the periphery were activated and resting memory B-cells but
their numbers were extremely low (<0.0005% of all blood lymphocytes, not shown).
Cryoglobulin and RF factor levels were significantly lower 2 and 4 months post-treatment
than pre-treatment (p<0.01 and p<0.05, respectively, Fig. 5B) whereas HCV titers did not
change by more than 1 log (Fig. 6A–B).

The recovery of CD19+ B-cells started approximately 6 months post treatment and reached
pre-treatment levels within the following 4–6 months (Fig. 6A). Immune reconstitution was
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associated with a temporary expansion of immature transitional B-cells to almost 40% of all
CD19+ B-cells 6 months post-treatment (p<0.01 compared to pre-treatment, Fig. 6C). This
was associated with a lasting increase in the percentage of T1 cells (p<0.05) and a decrease
in the percentage of T2 cells (p<0.05) thereby increasing the T1/T2-ratio from 1:5 pre-
treatment to 1:3 as early as 6 months post-treatment (Fig. 6D). The increased T1/T2-ratio
was not due to lymphopenia-induced proliferation of T1 cells because Ki67 expression
remained stable in this immature B-cell subset (Fig. 6E). Rather, it was related to reduced
T2 proliferation because Ki-67 expression tended to decrease in T2 cells (MFI 750±294
prior to treatment versus 255±43 six months after cessation of treatment, p=0.07, Fig. 6E).
Even though this trend did not reach statistical significance in this small group of 9 patients
it is strengthened by the correlation between T2 proliferation and cryoglobulin levels (Fig.
6F, p<0.05), which suggests a link between the skewing of the T1/T2-ratio and the
formation of immune complexes.

Importantly, the reconstituted mature B-cell subsets were more akin to those of uninfected
controls MC as evidenced by high percentages of naïve B-cells and reduced percentages of
activated B-cells (Fig. 7). Rituximab therefore not only reset the mature B-cell compartment
but also removed the distortions in immature B-cell subsets that are typical for MC.

Discussion
This study provides new insight into B-cell homeostasis in HCV-associated MC. While B-
cell activation is a well-known feature of HCV infection (10) and clonal B-cell expansions
are typical for HCV-associated MC (8), we found both the percentage and the absolute
number of CD19+ B-cells to be significantly lower in the blood of HCV-infected patients
with MC than in HCV-infected patients without MC and uninfected controls (Fig. 2, Suppl.
Fig. 1). Why are B-cell numbers decreased in the presence of clonally expanded B-cells that
drive the disease? Charles et al. suggested that many clonally expanded B-cells are anergic
and undergo apoptosis (11). However, anergy does not explain the continuous inflammation
and is difficult to reconcile with the observed increased percentage of activated B-cells (Fig.
3, 4). Racanelli et al. suggested that CD27+ mature B-cells terminally differentiate into
noncycling antibody-producing cells in HCV infection (10). However, their study did not
differentiate between CD27+ mature B-cell subsets and did not compare HCV-infected
patients with and without MC.

Here, we offer an alternative explanation based on our observation that naïve B-cells of
HCV-infected patients with MC were highly susceptible to apoptosis whereas activated/
memory B-cells were resistant (Fig. 4). This process was enhanced in MC because naïve B-
cells of HCV-infected patients with MC expressed significantly less Bcl-2 than those of
HCV-infected patients without MC (Fig. 4). Furthermore, they significantly increased both
caspase 3 and 8 expression in vitro (Fig. 4), suggesting death was instigated by a Bid-
mediated mechanism that links intrinsic and extrinsic apoptosis pathways (12). These results
provide mechanistic data on the death of naïve B-cells to a previous study by Cacoub et al.
who reported a decreased naïve B-cell frequency in untreated MC patients but did not
examine the underlying mechanism (13), nor study absolute B-cell numbers or patients with
other liver diseases. Furthermore, we analyze a neglected subset of B-cells, the immature B-
cells. This subset becomes increasingly important following treatment with Rituximab as
during the initial stages of B cell reconstitution these cells comprise the majority of B-cells
and following their maturation will form the new mature B cell compartment.

As naïve B-cells comprise approximately 70% of all B-cells, their rapid turnover may
trigger the release of immature B-cells from the bone marrow, accounting for the observed
increase in the percentage of immature transitional B-cells in HCV patients with and without
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cryoglobulinemia as compared to uninfected controls (Fig. 5). An increased proportion of
immature B-cells has also been observed in HIV infection in correlation with CD4+ T-cell
deficiency (14) and IL-7 levels (14, 15). In contrast to HIV infection, there was no
significant change in T-cell percentages in HCV-infected patients with and without MC as
compared to uninfected controls (not shown). Based on the observed reduction of CD19+ B-
cell percentages and numbers (Fig. 2, Suppl. Fig. 1), and the increased apoptosis
susceptibility of their main fraction, the naïve B-cell population (Fig. 4), we propose that the
increase in immature B-cells is due to a secondary egress from the bone marrow to
compensate for the B-cell loss in the periphery. This process may be mediated by BAFF, a
B-cell growth factor that is elevated in the plasma of HCV patients (16, 17).

A potential weakness of our study was the use of frozen and thawed rather than freshly
isolated PBMC. However, omission of the freezing step was not feasible as symptomatic
mixed cryoglobulinemia is a rare condition and only a few patient samples could be
collected per year. To keep variations in experimental conditions to a minimum (e.g.
changes in MFI due to alterations in laser power of the flow cytometer), all PBMC samples
were frozen and studied collectively within a short time period using the same protocol and
experimental conditions. Even though the percentage of differentiated B-cells may have
decreased due to freezing/thawing of the PBMC, we were still able to see differences in B
cell populations among individual patient groups and changes in B cell percentages in
patients whose PBMC samples were collected over time and studied retrospectively.

The observed enhanced B-cell apoptosis may appear inconsistent with the increased
lymphoma risk of MC patients (18). However, we do not believe this is the case as we found
only the naïve, but not the activated/memory B-cell subset to be prone to apoptosis. Indeed,
it is well established that the pathogenic B-cells in MC are memory B-cells with a restricted
immunoglobulin repertoire (8), and the same cells are found in HCV-associated lymphoma
(2). How these cells are generated has been a contentious subject for many years. It has been
suggested that HCV induces malignancy by infecting B-cells (19) but this has been
challenged as other investigators have been unable to detect HCV in B-cells ex vivo and
after B-cell expansion in vitro (20). Moreover, the HCV titer did not significantly increase
after B-cell depletion with Rituximab (Fig. 6), which is inconsistent with B-cells harboring
significant amounts of virus. Alternative suggestions include B cell stimulation by HCV
core and E2 (10, 21–23), but this also cannot explain the restricted repertoire of pathogenic
B-cells in HCV-related MC. Thus, we favor the hypothesis that a combination of multiple
factors including chronic antigen stimulation (23), elevated B-cell growth factor expression
(17) and genetic predisposition (24) trigger B-cell clonal expansion.

Rituximab therapy is an alternative treatment approach for MC patients who have failed
antiviral therapy. All patients enrolled in our study responded effectively to Rituximab (7),
as B-cells were undetectable within 2 month (Fig. 6) and recovered 6–12 months after
cessation of therapy. Prior to treatment, HCV-infected patients with MC displayed not only
an increased frequency of immature transitional B-cells in the blood but also an altered ratio
of T1 to T2 immature transitional B-cells. Uninfected controls generally have a 1:3 ratio of
T1:T2 immature transitional B-cells but this ratio decreased to 1:5–1:6 in HCV-infected
patients with MC. The altered T1:T2 ratio was not linked to apoptosis as immature B-cells
from HCV-infected patients with MC expressed lower levels of Bcl-2 than those of HCV-
infected patients without MC and uninfected controls (not shown). Rather, it was related to
cryoglobulin levels, which decreased in parallel with the in vivo proliferation rate (as
measured by Ki67 levels) of T2 immature transitional B-cells (Fig. 6).

Thus, we propose a model in which infection with HCV induces apoptosis of naïve mature
B-cells resulting in an increased size of the immature B-cell subset. This process is
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accelerated in the presence of MC. Furthermore, MC promotes the proliferation of T2
immature transitional B-cells resulting in a decreased T1/T2-ratio. Treatments that reduce
cryoglobulin levels such as Rituximab restore a normal T1/T2-ratio with reduced
proliferation of T2 immature transitional B-cells. These data may provide a mechanistic
explanation for the observed maintenance of normal B cell numbers and the increase in
immature transitional B-cells in the blood of chronic HCV patients with MC.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Analysis of B-cells by flow cytometry
(A) B-cells were identified using time, single cell and lymphocyte and CD19+ gates. Dead
cells, T-cells, NK cells and macrophages were excluded.
(B) CD19+ B-cells were grouped into CD10− mature and CD10+ immature subsets. Mature
B-cells were classified into plasmablasts (PB), activated (Act), tissue-like memory (TLM),
naïve (N) and resting memory (RM) B-cells based on CD21 and CD27 expression.
Immature transitional (CD10+CD27−) B-cells were classified as CD21− T1 or CD21+ T2
cells. Gates were based on fluorescence-minus-one controls.
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Fig. 2. HCV-infected patients with MC display reduced percentages of CD19+ B-cells and
CD19+ CD10− mature B-cells
(A) Percentage of CD19+ B-cells in PBMC.
(B) Percentage of CD10− mature B-cells in the CD19+ B-cell population. Mean±SEM are
shown. *p<0.05, ***p<0.001.
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Fig. 3. FACS dot plots displaying mature B-cell subsets of representative patients
Gates and abbreviations as in Fig. 1.
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Fig. 4. HCV-infected patients with MC display reduced a percentage of naïve B-cells and an
increased percentage of activated B-cells with differential sensitivity to apoptosis
(A–B) Percentage of CD21+CD27− naive B-cells (A) and CD21−CD27+ activated B-cells
(B) in the mature B-cell subset.
(C–D) MFI of the antiapoptotic protein Bcl-2 in naive (C) and activated/memory B-cells
(D).
(E–F) Percentage of caspase 3/caspase 8-double-positive and D4-GD1-positive B-cells in
naive (E) and activated/memory B-cell subsets (F) following overnight culture in the
absence of growth factors and cytokines. Mean±SEM are shown. *p<0.05, **p<0.01,
***p<0.001. There is a trend towards a lower frequency of naïve B-cells in HCV-infected
patients with MC as compared to HCV-infected patients without MC (p=0.06).
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Fig. 5. HCV-infected patients with MC display an increased percentage of immature transitional
B-cells with an altered T1/T2-ratio
(A) Percentage of immature transitional CD19+CD10+CD27− B-cells in the CD19+ B-cell
subset.
(B) Percentage of T1 (CD21−) and T2 (CD21+) cells within the immature transitional B-cell
subset. Mean±SEM are shown. *p<0.05, ***p<0.001.
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Fig. 6. Rituximab restores the T1/T2-ratio in MC patients
HCV-infected patients with MC were studied prior to, during and after treatment with
Rituximab for changes in HCV titer and percentage of B-cells (A), the kinetics of
cryoglobulin and RF levels (B), the percentage of immature transitional B-cells within
CD19+ B-cells (C), the percentage of T1 and T2 immature transitional B-cells (D), Ki-67
levels in T1 and T2 immature transitional B-cells (E), and the correlation of Ki-67 MFI of
T2 immature transitional B-cells with the percentage of cryoglobulins (F). Mean±SEM are
shown (n=9 patients). *p<0.05, **p<0.01, ***p<0.001 compared to pretreatment.
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Fig. 7. Rituximab treatment normalizes mature B-cell subsets
Paired analysis of the frequency of naïve (A) and activated B-cells (B) within the CD19+ B-
cell population prior to and 12 months after Rituximab treatment, compared to the
corresponding B-cell percentages in uninfected controls. *p<0.05, ***p<0.001.
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Table I

Demographics of HCV-infected patients without and with MC

HCV-infected patients Without MC HCV-infected patients with MC

Subjects 19 17

Age [median year (IQR)] 55 (43–59) 54 (47–57)

Gender (male: female) 14:5 12:5

Genotype 1% 95 79 (3 patients unknown)

HCV RNA [median IU/mL (IQR)] 1.5×106 (3×105 – 3.9×106) 6.3×105 (6.6×104 – 2.2×106)

ALT [median (IQR)] 66 (51–94) 51 (45–75)

Cryoglobulin % [median (IQR)] 0 10 (4–20)
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