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correlated with a decrease in the ACPA levels at week 16 DISCUSSION

(r=0.52, p=10.03).

When we used the change in synovial cells between baseline
and 16 weeks, similar trends were observed. As noted above and
shown in table 2 and fig 2, the major changes in synovial cell
populations other than B cells were observed between 4 and
16 weeks after treatment, secondary to the changes in synovial
B cells.

Collectively, the results suggest that the clinical response can
be predicted by changes in cell types other than B cells,
especially the number of synovial plasma cells that are derived
from B cells. This change is also correlated to the reduction in
serum ACPA levels.
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The results presented here confirm the previously reported
variable tissue response of B cells after rituximab treatment, in
contrast to the nearly complete depletion of B cells in the
peripheral blood. Moreover, this study shows for the first time
the secondary effects on cell populations other than synovial
B cells, supporting the concept that B cells orchestrate synovial
inflammation. In particular the change in short-lived synovial
plasma cells (derived from B cells) between 4 and 16 weeks after
initiation of treatment is related to the clinical response over
time. These findings are consistent with the kinetics of the
gradual clinical response and the slow but sure decrease in levels
of circulating antibodies observed after rituximab treatment.
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Figure 3 Differences in synovial B cells at baseline (A), respectively
changes in B cells after rituximab treatment (B and C), in clinical
responders versus non-responders. There was no statistically significant
difference in B cell numbers at baseline or in the reduction in synovial B
cells between responders and non-responders. The circles represent
outliers (values of more than 1.5 box lengths from the upper or lower
edge of the box; the box length is the interquartile range). *p<<0.05,
**p<<0.01.
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B cells may drive the inflammatory processes involved in RA
by different mechanisms. First, B cells may drive synovial
inflammation by production of autoantibodies;” they are the
precursors of short-lived plasma cells associated with produc-
tion of autoantibodies, such as IgM-RF and ACPA. Second,
B cells are effective antigen-presenting cells and activators of
T cells.** Third, B cells may promote synovial inflammation by
producing pro-inflammatory cytokines and chemokines.”?*
Thus, depletion of B cells could interfere with different
mechanisms involved in the pathogenesis.

The results from the present study show that rituximab
treatment may indeed deplete B cells at the primary site of
inflammation, the synovium, although there is persistence of
synovial B cells in a subset of patients. The discrepancy with the
complete B cell depletion observed in peripheral blood in nearly all
patients might be explained by the expression of protective
factors in the tissue, such as BLyS* and CD55 (decay-accelerating
factor (DAF)),” as well as the requirement for B cells to access the
circulation for efficient depletion. This difference underscores the
importance of analysis of different compartments to understand
the effects of treatment, as has also been shown after, for
example, Campath-1H treatment.” The variable response in the
synovial tissue with regard to B cell depletion suggests that the
standard therapeutic regimen is perhaps not optimal in all
patients. Of note, persistence of synovial B cells was related to
persistence of plasma cells. Future studies need to address the
question whether it is possible to induce clinical improvement in
non-responders with persistent B cells and plasma cells in the
synovium. Conceivably, a subset of patients would benefit from a
more intense dosing schedule. It is also possible that persistence of
plasma cells in non-responders is related to the presence of long-
lived plasma cells in the synovium of a subset of patients. Plasma
cells with different longevity could be induced by mechanisms
such as epitope spreading. For these patients alternative
approaches may be considered, interfering with, for example,
APRIL (a proliferation-inducing ligand) and B lymphocyte
stimulator (BLyS). The present study strengthens the rationale
for evaluating changes in biomarkers after targeted therapies
interfering with B cells and plasma cells to further optimise the
clinical response in the context of personalised medicine.

The relationship between the change in plasma cells and
clinical improvement suggests that rituximab exerts its effects
at least in part by an indirect effect on short-lived autoreactive
plasma cells that are associated with the production of
autoantibodies. Consistent with these results, there was a
reduction in RF and ACPA levels after treatment; the reduction
in plasma cells was directly related to the decrease in ACPA
levels at week 16. These data are also in agreement with a
previous study showing a trend towards lower synovial
immunoglobulin synthesis 2 months after rituximab treatment,
although that study was not powered to detect statistically
significant changes.” A role for autoantibodies in RA has been
suggested since the discovery of RF in RA and regained interest
in the late nineties.” The previously reported decrease in RF and
ACPA levels after rituximab treatment relative to minor
changes in total immunoglobulins suggests a role for short-
lived plasma cells in their production.”®? This notion is
supported by observations in a mouse model; rheumatoid factor
transgenic mice were crossed with mice of the autoimmune-
prone MRL/lpr strain, after which a spontaneous rheumatoid
factor response developed. This response was mediated by
continuous generation of short-lived plasmablasts.” In addition,
it has been suggested that small immune complexes containing
autoantibodies may drive synovial inflammation by triggering
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Figure 4 Differences in synovial plasma
cells (A), intimal macrophages (C),
sublining macrophages (E) and T cells (G)
at baseline respectively changes in these
cells (B, D, F, H) after rituximab treatment
in clinical responders versus non-
responders. There was no statistically
significant difference in these cells at
baseline between responders versus non-
responders. In light of the kinetics of the
changes after treatment (fig 2), we
compared the decrease in synovial cell
populations other than B cells between
4 weeks and 16 weeks in relationship to
clinical response. There was a highly
significant difference in reduction of
intimal macrophages (p = 0.008),
respectively plasma cells (p = 0.002),
between responders compared to non-
responders with a similar trend for
sublining macrophages. The circles
represent outliers (values of more than
1.5 box lengths from the upper or lower
edge of the box; the box length is the
interquartile range). *p<<0.05, **p<<0.01.
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Figure 5 Change in the number of
CD138+ plasma cells in representative
serial synovial tissue samples obtained at
4 (A and C) and 16 (B and D) weeks after
initiation of rituximab treatment. Different
patterns of response were identified. In
patients who responded to treatment we
observed a reduction in plasma cells
between 4 and 16 weeks after treatment
(compare A and B), while in patients who
did not fulfil the response criteria, plasma
cells persisted (compare C and D)
(Original magnification x 20). Linear
regression analysis revealed a significant
relationship between the decrease in
plasma cell numbers and the decrease in
28-joint Disease Activity Score (DAS28)
at week 24.

Fcy receptor IIIA, which is expressed by intimal macrophages.”
The results presented here would support the concept that
autoantibody production by B cells and plasma cells is critically
involved in promoting synovial inflammation.

Depletion of B cells did not only indirectly result in a decrease
in synovial plasma cells, but there was also an effect on other
major cell populations, such as T cells and macrophages. This
indicates that B cells have an important role in sustaining the
inflammatory cell infiltrate in the rheumatoid synovium. The
decrease in synovial T cells and the disruption of lymphocyte
aggregates and germinal centres, as shown by the disappearance
of FDCs, supports the hypothesis that B cells influence T cell
activity and organisation in the synovial tissue. Lymphocyte
aggregates could be disrupted by the absence of B cell derived
factors such as Iymphotoxin beta.* However, it is quite likely
that the explanation is more complex, since previous work has
shown that, in contrast to large follicles, relatively small
lymphocyte aggregates usually contain very few B cells.”
Interestingly, B cell depletion also diminished macrophage
infiltration, which is in agreement with the concept that there
is a consistent relationship between clinical improvement and
changes in synovial macrophages, independent of the primary
mechanism of action of the treatment.* * Together, the change
in T cells and macrophages could be explained by an indirect
effect of B cell depletion on the expression of proinflammatory
cytokines and chemokines involved in cell migration and
retention, although this remains to be shown.

In conclusion, rituximab treatment results in a variable
response on synovial B cells with secondary changes in numbers
of other inflammatory cells, leading to diminished synovial
inflammation. There is a direct relationship between the decrease
in synovial plasma cells and clinical improvement over time.
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