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Abstract
Introduction Reconstitution of peripheral blood (PB) B cells
after therapeutic depletion with the chimeric anti-CD20
antibody rituximab (RTX) mimics lymphatic ontogeny. In this
situation, the repletion kinetics and migratory properties of
distinct developmental B-cell stages and their correlation to
disease activity might facilitate our understanding of innate and
adaptive B-cell functions in rheumatoid arthritis (RA).
Methods Thirty-five 'RTX-naïve' RA patients with active arthritis
were treated after failure of tumour necrosis factor blockade in
an open-label study with two infusions of 1,000 mg RTX.
Prednisone dose was tapered according to clinical
improvement from a median of 10 mg at baseline to 5 mg at 9
and 12 months. Conventional disease-modifying antirheumatic
drugs were kept stable. Subsets of CD19+ B cells were
assessed by flow cytometry according to their IgD and CD27
surface expression. Their absolute number and relative
frequency in PB were followed every 3 months and were

Introduction
B-cell depletion with the chimeric anti-human CD20 IgG1 antibody rituximab (RTX) represents a novel target-specific treatment option [1-3] for active rheumatoid arthritis (RA). RTX
leads to almost total depletion of peripheral blood (PB) B cells
for several months [1-6]. The subsequent clinical course follows the autoantibody kinetics more closely than the B-cell
numbers in the blood [7]. Despite its specific mode of action

determined in parallel in synovial tissue (n = 3) or synovial fluid
(n = 3) in the case of florid arthritis.
Results Six of 35 patients fulfilled the European League Against
Rheumatism criteria for moderate clinical response, and 19
others for good clinical response. All PB B-cell fractions
decreased significantly in number (P < 0.001) after the first
infusion. Disease activity developed independently of the total
B-cell number. B-cell repopulation was dominated in quantity by
CD27-IgD+ 'naïve' B cells. The low number of CD27+IgD- classswitched memory B cells (MemB) in the blood, together with
sustained reduction of rheumatoid factor serum concentrations,
correlated with good clinical response. Class-switched MemB
were found accumulated in flaring joints.
Conclusions The present data support the hypothesis that
control of adaptive immune processes involving germinal centrederived, antigen, and T-cell-dependently matured B cells is
essential for successful RTX treatment.

on B cells, clinical response to RTX is not restricted to rheumatoid factor (RF)-positive or otherwise autoantibody-positive
RA patients [2]. Important innate immune functions of B cells
such as antigen presentation and cytokine production [8,9],
but also B-cell-dependent adaptive autoimmune processes
that were not represented by standard autoantibodies [10],
are alternative explanations for this phenomenon.

CCP: cyclic citrullinated peptide; CRP: C-reactive protein; DAS28: 28-joint disease activity score; DMARD: disease-modifying antirheumatic drug;
ESR: erythrocyte sedimentation rate; EULAR: European League Against Rheumatism, GC: germinal centre; Ig: immunoglobulin; IQR: interquartile
range; MemB: memory B cell; PB: peripheral blood; RA: rheumatoid arthritis; RF: rheumatoid factor; RTX: rituximab; TNF: tumour necrosis factor.
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Up to five repetitive B-cell depletion courses appear safe in RA
[11,12], but the risk of secondary immunodeficiency with more
repetitive RTX courses is still not ruled out. This uncertainty
may cause restriction in re-treatment scheduling and requires
at least ongoing surveillance [12-15]. There is a large variability in duration of response after RTX administration. Fixed short
re-treatment intervals neglect the potential of saving immunosuppression and costs provided by this variability, whereas
long intervals imply the risk of avoidable relapses and disease
progression. Previous experimental studies indicated a rationale for repetitive RTX scheduling based on B-cell kinetics
[5,6,16], but variable time lag between B-cell repopulation and
clinical flare limited the immediate clinical application of B-cell
repletion monitoring. Individual re-treatment intervals, therefore, are still recommended on the basis of the clinical course
[17].
Which B-cell subset should be monitored? Long-lived plasma
cells currently are believed to play a pivotal role in chronic
autoimmunity [18]. They derive from short-lived plasma cells
and undergo apoptosis unless they find survival niches of limited number in the bone marrow. Their progenitors, the CD19+
plasmablasts, have undergone class switch on their differentiation pathway to further develop to antibody-producing CD19plasma cells. Plasmablasts draw a dynamic picture of ongoing
autoimmune response in animal models [19]. They share
CD27 positivity and IgD negativity with germinal centre (GC)derived, affinity matured, CD27+IgD- immunoglobulin (Ig)
class-switched memory B cells (MemB). However, splenic
long-lived plasma cells may also derive from extrafollicular maturation [20]. As long-lived plasma cells are primarily resistant
to RTX due to a lack of CD20 expression, they currently are
hard to be directly extinguished by any available therapeutic
modality [18]. Plasma cells, in principle, are able to persist in
tertiary immune organs, as it may be under certain circumstances the inflamed synovium [9,18]. Their number indeed
was reported to be unchanged in the synovium 4 weeks after
RTX [21] but strongly reduced later on [22-24]. Plasma cell
numbers are very low after RTX in the PB, with a transient peak
early in the reconstitution. However, no correlation of plasma
cell kinetics to time to relapse could be shown, which limits
their usage for clinical monitoring [5,6].
Another candidate B-cell subset of relapsing autoimmunity
might be CD27+IgD+ non-switched MemB, which according
to their surface marker expression are reported to correspond
to splenic CD27+IgD+(IgM+) marginal zone B cells in rodents
[25,26]. Cells of this developmental stage are able to undergo
CD27-mediated co-stimulation but have not yet switched their
Ig receptor isotype. They are not prone to the GC-related
processes of antigen-dependent maturation but may undergo
T-cell-independent maturation outside a lymphoid follicle.
CD27+IgD+ B cells are centrally involved in the processes of
innate host defense, but on the other hand, they also represent
several features that argue for a role in autoimmunity [27,28].
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Their number was associated with RA relapse in the regenerating B-cell compartment in previous studies [5,6]. Like
switched MemB, they may also develop to plasmablasts [20],
which are able to secrete RF.
In this study, we questioned whether the advantage of individual RTX scheduling could be achieved by combining serological and cytological monitoring strategies. We confirm the
previously reported importance of RF kinetics [1,7]. In addition, we found that, by using a B-cell monitoring strategy in
CD45+CD19+ B cells (Additional data file 1), sustained depletion of CD27+IgD- class-switched MemB from the blood was
associated with good clinical response to RTX treatment. We
found also that the same B-cell subset, but not the
CD27+IgD+ non-switched MemB or the CD27-IgD+ 'naïve' B
cells, were preferentially accumulated in actively inflamed
joints.

Materials and methods
Patients
Thirty-five patients with RA according to the American College
of Rheumatology classification criteria [29] were included in
this prospective observational study. All patients were 'RTXnaïve'. They had active disease according to a 28-joint disease
activity score (DAS28) of greater than 3.2, which would qualify
them for repetitive RTX treatment [17]. All patients had failed
to at least one disease-modifying antirheumatic drug
(DMARD) and had shown inappropriate response to at least
one tumour necrosis factor (TNF)-blocking agent. Disease
activity was reflected by a median of 6 swollen (interquartile
range [IQR] 3 to 10) and a median of 5 tender (IQR 2 to 9) of
28 evaluated joints. Median DAS28 was 5.0 (IQR 4.3 to 5.9),
median erythrocyte sedimentation rate (ESR) was 33 mm (IQR
27 to 46), and C-reactive protein (CRP) serum concentration
was 11 mg/L (IQR 3 to 24). Other patient characteristics,
including the number of previously used DMARDs and antiTNF agents, are summarized in Table 1. Assessors for clinical
parameters were blinded to the time-matched laboratory
results. All patients gave their written informed consent to participate. The study was approved by the Cantonal Ethics Committee of Bern (ref. no. 254/07).
Treatment
B-cell depletion therapy was performed with two infusions of
1,000 mg RTX 14 days apart from each other, and both were
co-administered with 100 mg prednisone in order to prevent
allergic reactions. Low-dose methotrexate in stable weekly
doses of between 10 and 25 mg and other conventional
DMARDs were continued during the entire observation phase.
Oral prednisone doses were maintained from baseline to
month 3 with a median of 10 mg per day. Afterward, they could
be adjusted to the clinical course, which resulted in median
doses of 6 mg at month 3 and 5 mg at months 9 and 12. Corticosteroid doses were thus significantly lower (P < 0.05) in
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Table 1
Baseline patient characteristics given in absolute number and percentage
Baseline patient characteristic

Absolute number

Percentage

Gender distribution (female)

30/35

85%

RF-positive

21/35

60%

CCP antibody-positive

21/35

60%

RF- and anti-CCP-positive

18/35

54%

Erosive disease

26/35

74%

Extra-articular manifestations 6/35 17% Age at disease onset, years

38a

Age at inclusion, years

55a

Disease duration at inclusion, months

108a

Number of previous DMARDs

2.9b

Number of previous anti-TNF agents

1.6b

Concurrent MTX alone

22

63%

DMARD combination including MTX

2

6%

Leflunomide

4

11%

Prednisone dose, mg/day

10a

aThe median value is presented. bThe mean value is presented. CCP, cyclic citrullinated peptide; DMARD, disease-modifying antirheumatic drug;
MTX, methotrexate; RF, rheumatoid factor; TNF, tumour necrosis factor.

good responders than in moderate or non-responders at
months 9 and 12.
Response
Clinical improvement was assessed every 3 months by
DAS28 and graded as European League Against Rheumatism
(EULAR) good, moderate, or non-response [30]. EULAR good
response, which could have been achieved at any visit during
the 12-month observation period, was used for group definition in retrospective B-cell and antibody analyses.
Sample preparation
Freshly isolated PB (9 mL) was anticoagulated with EDTA
(ethylenediaminetetraacetic acid) and immediately used for
flow cytometry. B-cell analyses were also performed in anticoagulated synovial fluids (n = 3) or in tissue homogenates from
another three patients undergoing urgent joint replacement
surgery of the knee (n = 1), synovectomy in treatment-resistant
synovitis of the knee (n = 1), or wrist joint synovectomy (n = 1).
The study protocol for invasive procedures was approved by
the Cantonal Ethics Committee of Bern (254/07). All study
participants gave their written informed consent to participate.

Synovial tissue was immediately prepared, as previously
described [31], by injecting 1 mg/mL collagenase (SigmaAldrich, Munich, Germany) into the tissue samples, followed
by incubation for 20 minutes at ambient temperature. Digests
subsequently were minced and incubated for an additional 50
minutes at 37°C in collagenase 1%. The cell suspension was

strained by 70-μm nylon filters (Falcon, now part of BD Biosciences, San Jose, CA, USA), washed twice in phosphatebuffered saline, and recovered in RPMI 1640 medium (Invitrogen, Karlsruhe, Germany) containing 10% fetal calf serum plus
kanamycin at 37°C in 5% CO2 atmosphere overnight. Nonadherent synovial tissue cells were carefully obtained together
with the supernatants, centrifuged, and thoroughly washed
with phosphate-buffered saline before subsequent analyses.
Flow cytometry
Fixation of leukocytes and lysis of erythrocytes for flow cytometry were done for quantitative analyses in TruCOUNT™ tubes
(Becton Dickinson, Basel, Switzerland). Cells were stained
with BD Multitest™ reagent for CD3/CD16 + CD56/CD45/
CD19 markers as well as phycoerythrin-conjugated antiCD27 (clone L128) and fluorescein isothiocyanate-conjugated anti-IgD (clone IA6-2). All antibodies were purchased
from BD Biosciences. Data were acquired by flow cytometry
using the BD FACSCalibur Flow Cytometry System and CellQuest software (BD Biosciences Immunocytometry Systems). Analyses were performed after gating on anti-CD45
stained lymphocytes. The number and frequency of CD19+ PB
B cells and subsets (percentage of CD19+ B cells) were
determined in a minimum of 20,000 events in the CD45 gate.
Data collection was continued to 1 × 105 events in case there
were fewer than 0.5% CD19+ cells. The number and frequency of CD27-IgD+ 'naïve', CD27+IgD+ non-switched
MemB, and CD27+IgD- switched MemB were determined
according to their IgD and CD27 surface expression. All meas-
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urements were performed under the standard operating procedure guidelines of our accredited laboratory for flow
cytometry.
Serum antibodies
IgG, IgA, and IgM serum concentrations as well as serum RF
were determined by nephelometry (Dade Behring Nephelometer; Dade Behring, Marburg, Germany). IgG antibodies
against cyclic citrullinated peptides (CCPs) were also determined with commercially available methods (INOVA QUANTA
Lite™ CCP3 ELISA; INOVA Diagnostics, Inc., San Diego, CA,
USA).
Statistics
Results are presented as median and 25% to 75% IQR for
data in non-Gaussian distribution. The Wilcoxon rank sum test
was used for comparison of two-tailed groups. The exact significance in the Mann-Whitney U test was used for comparison of two independent groups. Statistical analyses were
performed with SPSS software version 15 (SPSS Inc., Chicago, IL, USA). Results with a P value of less than 0.05 were
considered significant.

Results
Clinical response
Ten patients did not achieve a significant clinical improvement
during the observation period. Six patients fulfilled the EULAR
criteria for moderate clinical response, and another 19 for
good clinical response. Best achieved clinical response, by
definition, could have occurred at any time during the 12month observation phase after RTX. Ten of our good-response
patients fulfilled this EULAR definition for the first time after 3
months, another 7 patients after 6 months, and 2 patients only
9 months after RTX. Duration of good response was documented for a median of 3 months but in fact may have been
substantially longer with regard to the 3-month visit intervals.
The criterion of moderate response was documented continuously in these same 19 patients for a median of 9 months.
Patients experiencing good response had significantly higher
anti-CCP antibody titer (P = 0.046) at baseline but significantly lower CRP serum concentration (P = 0.010). They had
significantly shorter disease duration (P = 0.008) and fewer
DMARD treatment attempts (P = 0.010) but were comparable
for ESR, RF, swollen and tender joint counts, corticosteroid
dose, and DAS28 at baseline. Median CRP in the entire study
population dropped significantly from 11 mg/L (IQR 3 to 24)
at baseline to values below the detection limit of 3 mg/L, with
an IQR of between less than 3 and 9 mg/L at month 3 (P =
0.019), less than 3 to 6 mg/L at month 6 (P < 0.001), and less
than 3 to 7 mg/L at month 9 (P = 0.008). Good responders
had significantly lower CRP serum concentrations than the
other patients 6 months after RTX. ESR improved significantly
from a median of 33 mm/hour (IQR 26 to 40) at baseline to a
median of 11 mm/hour (IQR 7 to 25, P = 0.011) at month 3
and a median of 11 mm/hour (IQR 5 to 20, P = 0.006) at
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month 6. Good responders had significantly lower ESR than
the other patients after 3, 6, and 12 months. After 12 months,
median CRP concentrations as well as ESR were in the same
range as baseline values.
Composition of peripheral blood B cells at baseline
Median total number of CD19+ B cells (Figure 1) in the entire
cohort was 169/μL (IQR 77 to 281); this parameter did not
significantly differ between good responders and patients with
moderate or no response in the later course. A median of 69%
of B cells (IQR 55% to 79%) at baseline were 'naïve' B cells.
Their absolute number was significantly higher (P = 0.034) in
subsequent non-responders or moderate responders (median
199, IQR 137 to 297) than in good responders (median 109,
IQR 56 to 142). In contrast, the frequencies of non-switched
MemB (median 8%, IQR 4% to 13%), of switched MemB
(median 16%, IQR 12% to 22%), and of CD27-IgD- B cells
(median 4%, IQR 3% to 7%), as well as their absolute numbers, were not significantly different between the two patient
groups.
Early response to depletion
The first RTX infusion reduced the number (Figure 1) and frequency of PB CD19+ B cells to a median of 3/μL (IQR 2 to 7)
and a median of 2% (IQR 1% to 4%) of CD45+ cells, respectively. The median of all B-cell fractions decreased significantly
in number (P < 0.001), but increasing frequency of switched
MemB and of CD27-IgD- B cells upon the first RTX infusion
indicated relative resistance of these subsets. When a B-cell
frequency of below 0.5% of lymphocytes [6] or the number of
CD19+ cells below 5/μL was used as an arbitrary surrogate of
complete depletion, these values were reached in 61.3% and
48.6% of the cases, respectively, 14 days after the first infusion. Neither the achievement of one of these limits upon first
infusion nor the absolute number or frequency of any defined
B-cell subset in the early depletion phase was indicative for
subsequent clinical response.
Peripheral blood reconstitution
The median number of B cells increased continuously from
months 3 to 12. This PB B-cell repletion was dominated by
'naïve' B cells. The time point of repopulation tended to be earlier in moderate or non-responders than in good responders;
however, this difference was statistically not significant. In contrast, the absolute number of switched MemB at month 6 (P =
0.049), month 9 (P = 0.045), and month 12 (P = 0.003) was
significantly higher in patients with no or moderate timematched clinical response to RTX than in good responders
(Figure 1). This result was the same when correlating switched
MemB with best achieved response at any time of the treatment cycle. In contrast, the number and frequency of nonswitched MemB, of CD27-IgD-, and of 'naïve' B cells were not
correlated with the clinical response after RTX.
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Figure 1

Peripheral blood B-cell repletion.
repletion (a) Median numbers of CD19+ peripheral blood B cells in good responders (left) and non-responders or moderate
responders (right) at different time points after B-cell depletion. Colours represent the median of different B-cell subsets: CD27-IgD+ naïve B cells
are in light red, CD27+ IgD+ non-switched memory B cells (MemB) are in red, CD27-IgD- B cells are in light blue, and switched CD27+IgD- MemB
are in blue. (b) Line diagram of switched MemB in good responders (continuous line) and in non-responders or moderate responders (dotted line).
Mann-Whitney test for comparison of good responders versus other patients: *P < 0.05; **P < 0.01.

Comparison of peripheral blood and synovial B cells
The B-cell composition in six simultaneously collected samples from the PB and synovium during B-cell repletion (Figure
2) gave further evidence for the importance of switched
MemB: While 'naïve' B cells dominated quantitatively in PB
during B-cell repletion, only the frequency of switched MemB
was significantly higher in the synovium (P = 0.028) than in
PB. A median of 50% (IQR 18% to 93%) of PB B cells, but
only 8% (IQR 3% to 12%) of synovial B cells, were of 'naïve'
phenotype, whereas 10% (IQR 10% to 41%) of PB B cells as
compared with 67% (IQR 43% to 76%) of synovial B cells

exhibited the CD27+IgD- phenotype. (For histology, see Additional data file 2.)
Rheumatoid factor and cyclic citrullinated peptide
antibodies
Therapeutic intervention with RTX led to significant decreases
in RF and CCP antibody serum concentrations from months 3
to 12 (P < 0.05) (Figure 3). In patients who were RF+ at baseline, the lowest RF concentration (median of 36% from baseline) was achieved after 6 months. Five of the 21 initially RF+
patients became RF- upon B-cell depletion, three of them last-
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Figure 2

B-cell developmental stages in time-matched samples from the peripheral blood (PB) and synovium
synovium. (a) Original scatter plots of flow cytometric
analyses on PB (top row) and synovial B cells (bottom row) in three different patients. CD27 staining is depicted on the horizontal axis, and IgD surface staining is depicted on the vertical axis. Quadrants are set according to the results in unstained cells for compensation of autofluorescence.
Patient 1 (left column) had persistent arthritis 4 months after rituximab (RTX) and a PB B-cell count of 4/μL. Patient 2 (middle column) had arthritis
relapse 10 months after RTX and a PB CD19+ B-cell count of 27/μL. Patient 3 (right column) had arthritis relapse 9 months after RTX and a PB
CD19+ B-cell count of 71/μL. (b) Cumulative data on the frequency of B-cell subsets in six pairs of samples, including patients depicted in (a), indicate preferential accumulation of CD27+IgD- switched memory B cells in the synovium (P = 0.028). FITC, fluorescein isothiocyanate; PE, phycoerythrin.
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Figure 3

Antibody concentrations
concentrations. Course of (a) rheumatoid factor (RF), (b) cyclic citrullinated peptide (CCP) antibodies, and (c) total immunoglobulin IgG,
IgA, and IgM serum concentrations after therapeutic B-cell depletion in good responders (continuous line) and in non-responders or moderate
responders (designated as other patients, dotted line). Asterisks indicate statistically significant differences (P < 0.05) between these two patient
groups.

ing until the end of the observation whereas two others started
to have positive RF tests again after 6 months. All patients with
persistent or transient RF conversion were good clinical
responders. A decrease of RF serum concentrations in comparison with baseline levels was significantly stronger in good
responders than in the other patients. These results were similar for month 3 (P = 0.022), month 6 (P = 0.002), month 9 (P
= 0.002), and after 12 months (P = 0.001). A significant
reduction in median RF concentrations was long-lasting in
good responders but was limited to a maximum of 6 months in
moderate and non-responders. RF serum concentrations
dropped more steeply than expected from the kinetics of
slowly reduced IgG, IgA, and IgM total Ig concentrations.
In contrast to RF, CCP antibody concentrations decreased
more continuously and in parallel to Ig levels. They reached
their minimum of a median of 60% from baseline levels after 12
months. Good responders started with a tendency toward
higher anti-CCP serum concentrations than the other patients

but showed a significantly stronger reduction of CCP-directed
autoantibodies after 9 months (P = 0.041) and 12 months (P
= 0.027).
Immunoglobulin isotypes
Total IgG serum concentrations started to be significantly
reduced (P < 0.05) already after the first infusion, whereas IgA
and IgM serum concentrations were more stable. These isotypes came down somewhat later, with significantly reduced
levels from months 3 to 12 (P < 0.001) when compared with
baseline. Three different patients marginally underwent the
lower limit for normal IgG (7 g/L) or IgA (0.7 g/L) serum concentrations during the observation phase. Two other patients
developed IgM concentrations below the lower normal limit of
0.4 g/L. None of the patients with a drop of any Ig isotype
below the lower normal limit developed clinical symptoms of
immunodeficiency, but seven of these patients experienced
good clinical response and one patient experienced moderate
clinical response.
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After 12 months, the IgG and IgA serum concentrations
decreased to medians of 86% and 79% and IgM serum concentrations decreased to values between 75% and 68% from
baseline. Median IgG, IgA, and IgM serum concentrations
were somewhat lower in good responders at any follow-up
visit, but at no time point were the relative decreases of these
concentrations from baseline significantly different between
good responders and the other patients.

'naïve' B cells in PB and also by higher CCP serum antibody
and lower CRP concentrations at baseline. Given that we
searched for statistical significance of difference for many
comparisons, a statistical error of multiple testing has to be
considered. In addition, as the same items were previously
examined in similar settings without providing support for our
observations, evidence appears to be too weak for recommending the determination of 'naïve' B cells as a predictor of
response to RTX.

Discussion
Convincing clinical success of therapeutic depletion brought
the B cells back into the research focus of RA pathogenesis.
The present data indicate that concentrations of one of their
products, serum RF, as well as the repletion kinetics of
switched MemB in the blood and their migration into joints are
linked to inflammatory activity. In the following sections, we will
discuss the impact of these possibly linked findings on our
understanding of RA pathogenesis and their potential for
scheduling re-treatment.
Identical B-cell clones in different joints and the blood of RA
patients reflect the systemic autoimmune character of RA
[32]. While PB B cells become rapidly depleted after RTX,
improvement in RA symptoms is delayed. This disconnection
in time might suggest similar B-cell persistence mechanisms
in the RA synovium, as recently described for splenic marginal
zone and GC B cells in Peyer's patches in a rodent anti-human
CD20 depletion model [33]. Given these data, it was important to prove in synovial biopsy studies that CD20+ B cells
could be depleted, though to various degrees and rapidities,
in the inflamed synovial microenvironment [21-24]. Reports on
the size and number of lymphoid aggregates were also somewhat contradictory [21,23]. Clinical improvement upon RTX
was correlated with a decrease in the number of synovial B
cells in one biopsy study [22] and with reduced plasma cell
numbers in another biopsy study [23]. In summary and according to the recently formulated 'roadblock hypothesis' [34], histology data after RTX draw the picture of an ongoing process
of renewing B cells in the synovium which can be interrupted
by therapeutic intervention.
As a consequence of B-cell depletion, the synovial Ig production (including RF and CCP specificities) decreased in quantity. The effect on RF and anti-CCP idiotypes appeared less or
even absent in aggregated lymphocellular infiltrates [24,35],
which was the histological subtype with the highest autoantibody production [35]. So far, these data appear to be in
accordance with high IgM anti-CCP serum antibodies and
with RF titer, which together with high-grade synovial CD20CD79a+ B-cell infiltrates were negative predictors for RTX
response in another longitudinal analysis [22]. Negative data
in cross-sectional analyses of the same serological and histological parameters draw a close connection of these prognostic items into question [36]. Good responders among our
patients were characterised by significantly higher numbers of
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We confirmed [1] in this study that serum RF decreases faster
and to lower relative levels than expected from the corresponding IgM isotype kinetics. Thus, RF-producing B cells
were more sensitive to RTX than B cells of other specificities.
A more lasting reduction of RF titer in good responders when
compared with less favourably responding patients furthermore indicates that the depletion of RF-expressing cells is
more profound and might have direct therapeutic impact. In
contrast, the kinetics of anti-CCP antibodies followed, with
large inter-individual variation and despite their well-established diagnostic and prognostic roles in RA [37-39], just the
corresponding isotype concentrations. This finding is confirmatory of previous studies [7,23]. RF-expressing B cells may act
pleiotropic, but they provide a function with unique consequences for the involvement of multiple antigens as seen in RA
[10]: Their receptors can complex Igs of different specificity,
together with any bound autoantigen or foreign antigen.
Processing of these complexes and antigen presentation to
their T-cell counterparts may lead to affinity-matured, classswitched MemB for a variety of specificities [12]. It appears
likely, following this line of argumentation, that the profound
reductions of GC-derived memory and (in parallel) of RF-producing B cells 6, 9, and 12 months after RTX were therapeutically relevant and linked processes.
Murine models for studies on self-reactive B cells localised the
failure of tolerance mechanisms in the bone marrow [40].
Although the secondary lymphoid organs examined in an animal model may differ importantly from lymphoid neogenesis
observed in RA synovitis [9,33], GC-forming B cells appear
essential for mutual B-cell and T-cell activation and for proinflammatory cytokine response in human synovitis [41]. T-celldependent affinity maturation of RF-producing B cells is anatomically linked to the GCs of secondary immune organs [4244], but non-switched MemB, another source of RF, do not
require lymphoid aggregates [9,19]. It appears notable, in this
context and with regard to our data, to recall the higher specificity of IgA RF and its impact on the RA disease course in comparison with non-switched RF [45,46]. As close antigen and
major histocompatibility complex (MHC)-restricted B cell-T
cell interaction is responsible for shaping of the receptor repertoire by somatic hypermutation of the B-cell receptor, this
process is obviously of critical importance for the induction of
autoimmune B cells. It was shown in a recent publication that
somatic hypermutation in RA is predominantly operative in
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CD19+IgD- class-switched B cells and that the frequency of
such mutated B cells is substantially modified by RTX treatment [47]. Thus, therapeutic interruption even of abortive GCs
appears promising.

Clarifying whether the disease-related cell phenomena are sufficiently antecedent to a clinical flare to be useful in clinical
practice requires ongoing research in a prospective setting.
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Additional data file 1
Schematic overview of B cell developmental stages
(names in boxes) and corresponding surface markers (in
boxes with punctured lines) that were used in this study.
Immunoglobulin class-switch of B cells is functionally
linked with antigen dependent, MHC restricted affinity
maturation, and anatomically related to germinal centre
(GC) formation. CD27+IgD- class-switched B cells can
either be post-germinal centre memory B cells, or
plasmablasts, which are directed to further plasma cell
development. We show in this study that the kinetics of
class-switched B cells is associated with the course of
RA disease activity. MHC-II: class 2 major
histocompatibility complex, TCR: T cell receptor, CD27
and CD70: TNF-α family members and co-stimulatory
molecules on B cells and T cells.
See http://www.biomedcentral.com/content/
supplementary/ar2686-S1.jpeg

Conclusions
Our data indicate that B-cell maturation in the PB after RTX
does not just display lymphatic ontogeny [4,15] but provides
clinically relevant data when focussing on switched MemB.
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Additional data file 2
Histological preparations from RA synovitis in the early B
cell reconstitution phase after RTX. Haematoxylin-eosin
staining and immunohistochemistry for synovial B cells
during the early peripheral blood B cell repletion phase.
Flow cytometric analyses for IgD and CD27 expression
from the same sample are depicted as patient 3 in Figure
2A. The infiltrating CD20+ B cells form a few small
lymphoid aggregates with large CD79a+ CD20- plasma
cells (arrows). This exemplary staining was performed in
a synovial sample from a flaring knee joint using CD20
(clone L26) and CD79a antibodies (clone JCB117) from
Dako, Glostrup, Denmark. Immunohistochemistry slides
have been obtained using a three-step streptavidin-biotin
technique, and new-fuchsin as chromogen. Original
magnification × 200.
See http://www.biomedcentral.com/content/
supplementary/ar2686-S2.bmp
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