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B Cells and B Cell directed therapies 
in Rheumatiod Arthritis

EARLY EFFECTS 
OF RITUXIMAB 
ON THE SYNOVIAL 
CELL INFILTRATE 
IN PATIENTS 
WITH RHEUMA-
TOID ARTHRITIS
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 OBJECTIVE. To study the specific effects of rituximab 
treatment on the synovium in patients with rheumatoid 
arthritis (RA) early after initiation of treatment.

 METHODS. Seventeen RA patients underwent an ar-
throscopic synovial biopsy procedure directly before and 1 
month after receiving 2 infusions of the chimeric anti-CD20 
monoclonal antibody rituximab (1,000 mg on days 1 and 
15; both without methylprednisolone premedication). Im-
munohistochemical analysis was performed to characterize 
the cell infiltrate. Stained tissue sections were analyzed by 
digital image analysis. Statistical analysis was performed 
using Wilcoxon’s signed rank test.

 RESULTS. No significant change in the Disease Activity 
Score 28-joint assessment was found at 4 weeks after the 
first rituximab infusion. At 2 and 4 weeks after infusion, B 
cells in peripheral blood were almost completely depleted. 

Most B cells in the synovium were found in large lympho-
cyte aggregates. Interestingly, a significant reduction in B 
cell numbers at sites of inflammation was observed 4 weeks 
after treatment (median 26 cells/mm2 [interquartile range 
4–150] before treatment and 11 cells/mm2 [interquartile 
range 0–29] after treatment; P < 0.02). B cells disappeared 
completely in 3 patients, whereas there was partial deple-
tion in 11 patients. In the other 3 patients, no B cells were 
present in biopsy tissues obtained either pretreatment or 
posttreatment. No reductions in other synovial cell popula-
tions were observed at 4 weeks.

 CONCLUSION. Rituximab treatment leads to a rapid and 
significant decrease in synovial B cell numbers, but not in 
all patients. Whether the variable tissue response is related 
to the clinical response over time remains to be clarified.

Rituximab, a chimeric monoclonal antibody directed against the CD20 anti-
gen expressed by B cells, is a promising new biologic agent for the treatment 
of rheumatoid arthritis (RA). A single course of 2 infusions of rituximab was 
reported to significantly improve disease symptoms for up to 48 weeks in RA 
patients with high levels of disease activity despite methotrexate treatment 
1. The safety and efficacy of the drug were recently confirmed in 2 phase IIb 
studies 2,3. Although rituximab is efficacious, its exact mechanism of action 
has yet to be elucidated. In the peripheral blood, rituximab causes a selective, 
transient depletion of pre–B cells as well as naive, mature, and memory B 
cells, leaving stem cells and plasma cells unaffected 4. This can be explained 
by the binding of rituximab to CD20, which may lead to cell-mediated cy-
totoxicity, complement-mediated lysis, and apoptosis 5. There is at present 
no information available concerning the effects of rituximab on the primary 
target of the disease, the rheumatoid synovium. Animal studies have suggest-
ed that the kinetics of rituximab-induced B cell depletion vary among differ-
ent tissues 6,7. Depletion of B cells from lymph nodes may occur within days, 
whereas in the peritoneal cavity, it can take weeks to complete. In addition, 
marginal-zone B cells of the spleen and B cells located in germinal centers in 
lymphoid tissues appear to be partly resistant to depletion by anti-CD20 anti-
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bodies in a human CD20–transgene mouse model 6. The persistent presence 
of B cells in germinal centers after treatment with rituximab has also been 
described in a patient with Graves’ disease 8. These observations suggest that 
the susceptibility of B cell subsets to rituximab treatment may be dependent 
on the specific microenvironment. Factors that may influence resistance to 
B cell depletion, such as CD55 (decay-accelerating factor [DAF]), a comple-
ment inhibitory protein, and B lymphocyte stimulator (BLyS), a major B cell 
survival factor, could affect the specific effects of rituximab treatment in the 
inflamed synovium 9,10. Another factor that could influence the susceptibility 
of B cells to cell death is the use of corticosteroids as premedication. There-
fore, we examined the specific effects of rituximab treatment on the inflamed 
synovium in patients with RA. This is the first study to examine B cells in the 
inflamed RA synovium early after initiation of treatment with rituximab.

	 PATIENTS AND TREATMENT PROTOCOL. Patients with 
RA diagnosed according to the 1987 criteria of 
the American College of Rheumatology (for-
merly, the American Rheumatism Association) 
11 were studied. Inclusion criteria were the pres-
ence of active disease, defined as ≥ 4 tender and 
≥ 4 swollen joints (of 28 joints assessed), at study 
enrollment; an erythrocyte sedimentation rate 
(ESR) of ≥ 28 mm/hour or a serum C-reactive 
protein (CRP) level of ≥ 15 mg/liter; or morning 
stiffness for ≥ 45 minutes. Patients who were 
negative for both rheumatoid factor (RF) and 
anti–cyclic citrullinated peptide (anti-CCP) anti-
bodies were excluded.

 All study patients had to be receiving 
stable doses of methotrexate (5–30 mg/week) for 
at least 28 days prior to enrollment. Stable pred-
nisone therapy (≤10 mg/day) and nonsteroidal 
antiinflammatory drug treatment were allowed. 
All other disease-modifying antirheumatic drugs 
(DMARDs) and biologic agents were withdrawn 
at least 4 weeks prior to study inclusion, with a 
washout period for infliximab and adalimumab 
treatment of > 8 weeks prior to randomization.

 The study protocol was approved by the 
Medical Ethics Committee of the Academic Medi-
cal Center/University of Amsterdam. All patients 
signed informed consent forms before inclusion 
in the study.

 The patients were treated with 2 infu-
sions (1,000 mg each) of rituximab (Roche, Wo-
erden, The Netherlands) on days 1 and 15 after 
premedication with clemastine fumarate (2
mg intravenously) and acetaminophen (1 gm 
orally). Premedication with methylprednisolone 
was not allowed, since this could have influenced 

the synovial cell infiltrate.

 Patients were assessed for disease 
activity using the Disease Activity Score in 28 
joints (DAS28) 12 at the time of synovial biopsy. 
Biopsies were obtained before and 4 weeks after 
the first infusion of rituximab.

 BLOOD LYMPHOCYTE POPULATIONS. B cells (CD19+) 
and T cell subsets (CD3+, CD3+,CD4+,CD3+,
CD8+) (all from Becton Dickinson, San Jose, 
CA) were detected in peripheral blood samples 
by real-time fluorescence-activated cell sorting 
using a FACSCalibur Flow Cytometer (Becton 
Dickinson) at baseline and at 2 weeks and 4 
weeks after the first rituximab infusion. CD19 
was chosen as a marker because of its similar 
expression to CD20 on B cell subsets, without 
interference with the circulating rituximab 
antibody. The lower limit of detection of CD19+ B 
cells was set at 0.01 x 109 CD19+ cells/liter.

 SYNOVIAL BIOPSY. An arthroscopy of the same 
actively inflamed joint (knee, ankle, or wrist) 
under local anesthesia was performed on all pa-
tients before and 4 weeks after the first infusion 
of rituximab, as previously described in detail 13. 
To minimize sampling error (variance < 20% 14), 
at least 6 biopsy samples were obtained during 
each procedure. Specimens were directly embed-
ded en bloc in TissueTek OCT (Miles Diagnostics, 
Elkhart, IN) in a mold and subsequently snap-
frozen.

 IMMUNOHISTOCHEMISTRY. From each tissue block, 
consisting of the 6 different biopsy samples, se-
rial sections (5 μm) were cut with a cryostat and 
stained with the following mouse monoclonal 
antibodies: anti-CD3 (SK7; Becton Dickinson), 
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Seventeen patients were included 
in the trial (14 women and 3 men) 
(Table 1). The median age of the 
patients was 55 years (range 22–75 
years), and the median duration 
of disease was 13 years (range 10 
months to 50 years). Erosions were 
present in all patients. Seven patients 
had nodular disease, 13 patients were 
seropositive for IgM-RF (median 55 
[interquartile range (IQR) 24– 138]), 
and all patients were anti-CCP posi-
tive (median 208 [IQR 53–1,031]). 
The median DAS28 score at baseline 
was 6.7 (IQR 6.10–7.65). All patients 
were treated with stable dosages of 
methotrexate (median 15 mg/week 
[IQR 10–23]) and 10 patients were 
taking prednisone at a fixed dosage 
(median 5 mg/day [IQR 0–10]). On 
average, the patients had failed treat-
ment with a median of 3 DMARDs 
(IQR 2–4.5) and a median of 2 bio-
logic agents (IqR 1–3) before study 
entry.

The DAS28 scores did not change 
significantly at 4 weeks after initia-
tion of rituximab treatment in these 

FIGURE �. Change in the number of CD22+ B cells in serial synovial 
tissue samples obtained before and 4 weeks after initiation of 
rituximab treatment. Shown are the results in individual rheuma-
toid arthritis patients. 

anti-CD4 (SK3; Becton Dickinson), and anti-CD8 
(DK25; Dako, Glostrup, Denmark) to detect T 
cells, anti-CD22 (CLBB-ly; Central Laboratory 
of the Netherlands Red Cross Blood Transfusion 
Service, Amsterdam, The Netherlands) to detect 
B cells, anti-CD38 (Leu-17; Becton Dickinson) to 
detect plasma cells, anti-CD68 (EBM11; Dako) 
to detect macrophages, and anti-CD55 (clone 
67; Serotec, Oxford, UK) to detect fibroblast-like 
synoviocytes, as described previously 15. Sections 
with nonassessable tissue, defined by the absence 
of an intimal lining layer, were not analyzed. For 
control sections, the primary antibodies were 
omitted or irrelevant antibodies were applied.

 Because of the distribution of lympho-
cyte aggregates in the synovium, 2 separate 
sections of the tissue blocs, located 50 μm apart, 
were stained with the anti-CD22 antibodies.
CD22 was chosen as the phenotype marker of B 
cells in tissue, since it results in better staining, 
as compared with CD19, when used for immuno-
histochemistry.
 DIGITAL IMAGE ANALYSIS. All sections were coded 
and randomly analyzed by computer-assisted 
image analysis using a Leica DM-RXA light 
microscope and Qwin software (both from Leica, 
Cambridge, UK). An independent observer who 
was unaware of the clinical data performed the 
acquisition and image analysis, as previously de-
scribed 16. For all markers, 18 high-power fields 
were analyzed. CD68 expression was analyzed 
separately in the intimal lining layer and the sy-
novial sublining. CD22 expression in 2 different 
sections was analyzed, and the mean number of 
B cells in these 2 sections was taken for statisti-
cal analysis. Data are expressed as the number 
of cells per square millimeter, representing cell 
densities.

 Lymphocyte aggregates were counted 
and classified as previously described 17. Aggre-
gates of 1–5 cells in maximal radius were graded 
as 1, those of 5–10 cells in maximal radius were 
graded as 2, and those of >10 cells in maximal 

radius were graded as 3. In addition, the mean 
aggregate diameter was calculated per section.
 STATISTICAL ANALYSIS. Associations between 
CD22+ B cells and the presence of lymphocyte 
aggregates, other synovial cell populations, and 
the DAS28 score were determined by Spearman’s 
correlation coefficient. Changes in peripheral 
blood lymphocytes, the different synovial cell 
populations, total aggregate number, total 
number of grade 3 aggregates, mean aggregate 
radius, serologic parameters, and the DAS28 
score before and after treatment were tested 
with Wilcoxon’s signed rank test for paired data. 
Associations between the change in numbers of 
CD22+ B cells and the change in DAS28 score 
were determined by Spearman’s correlation 
coefficient. Statistical analysis of all parameters 
was performed on the whole group of 17 patients.

FIGURE  
No.1

CLINICAL AND DEMO-
GRAPHIC FEATURES. 

Results

NO CHANGE IN DIS-
EASE ACTIVITY 4 WEEKS 
AFTER INITIATION OF 
TREATMENT.
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CD cells in peripheral blood and synovial tissue obtained from patients with rheumatoid arthritis before and 
1 month after rituximab treatment*

    BEFORE RITUxIMAB  AFTER RITUxIMAB  P

PERIPHERAL BLOOD LYMPHOCYTES   
CD19    0.13 (0.10-0.19)  <0.01 (<0.01-<0.01) <0.001
CD3    1.41 (0.82-1.66)  1.41 (0.92-2.03)  0.67
CD3,CD4    0.97 (0.52-1.14)  0.70 (0.63-1.43)  0.66
CD3,CD8    0.36 (0.21-0.53)  0.37 (0.26-0.50)  0.82

SYNOVIAL TISSUE   
CD22    26 (4-150)  11 (0-29)   0.016
CD3    105 (31-341)  85 (20-472)  0.962
CD4    77 (20-912)  116 (8-820)  0.981
CD8    3 (0-11)   1 (0-12)   0.824
CD38    95 (11-546)  93 (3-576)  0.394
CD68L    127 (60-411)  363 (141-467)  0.064
CD68SL    233 (77-728)  583 (198-1,400)  0.049

* CD cell populations were determined by fluorescence-activated cell sorter analysis of peripheral blood samples 
and by immunohistochemical analysis of synovial tissue samples. Values for peripheral blood lymphocytes are the 
median (interquartile range [IQR]) x 109/liter. Values for synovial tissue are the median (IQR) cells/mm2.

Baseline characteristics of the study patients*

DEMOGRAPHICS 
Age, median (range) years      55 (22 - 75)
Female, no. (%)      14  (82)

DISEASE STATUS 
Disease duration, median (range) years    13 (0.9 – 50)
Erosive disease, no. (%)      17 (100)
Nodular disease, no. (%)      7  (41)
IgM-RF, median (IQR) kU/liter     55 (24-138)
Anti-CCP, median (IQR) kAU/liter     208 (53-1,031)
DAS28 score, median (IqR)      6.7 (6.1-7.7)
ESR, median (IqR) mm/hour      47 (21-61)
CRP, median (IQR) mg/dl      29 (12-85)

MEDICATIONS 

No. of previous DMARDs, median (IQR)    3.0 (2-5)
No. of previous biologic agents,  median (IqR)    2.0 (1-3)
Methotrexate dosage,  median (IQR) mg/wk    15.0 (10-23)
Corticosteroids, no. (%)      10 (59)
Prednisone dosage, median (IQR) mg/day    5.0 (0-10)
 

* IgM-RF = IgM rheumatoid factor; IQR = interquartile range; anti-CCP = anti–cyclic citrullinated peptide; 
DAS28 = Disease Activity Score 28-joint assessment; ESR = erythrocyte sedimentation rate; CRP = C-reactive 
protein; DMARDs = disease-modifying antirheumatic drugs.

TABLE  
No.1 TABLE  

No.2
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study patients who had not received 
premedication with methylpredniso-
lone (median 6.7 [IQR 6.10–7.65] 
before treatment and 6.6 [IqR 6.28–
7.26] after treatment; P = 0.253).

In addition, the serum levels of anti-
CCP antibodies and IgM-RF were 
unaltered after 4 weeks (P = 0.124 
and P = 0.514 versus pretreatment 
values, respectively). 

At 2 and 4 weeks after rituximab 
infusion, CD19+ B cells in peripheral 
blood were undetectable (median 
0.13 x 109/liter [IQR 0.10–0.19] 
at baseline; <0.01 x 109/liter [IqR 
0.00– 0.00] at both 2 and 4 weeks 
after treatment) (Table 2).
The total T cell numbers and T cell 
subset numbers did not change 
significantly.

 In 13 patients, lymphocyte ag-
gregates were found in the pre-
treatment biopsy sample (76%). 
Ten of these patients had grade 3 
aggregates (58.8%), 3 patients had 
grade 2 (17.6%), and 4 patients had 
only grade 1 or no aggregates at 
all (23.5%). B cells were observed 
almost exclusively in grade 2 and 3 

FIGURE �. Change in the number of CD22+ B cells in representative 
serial synovial tissue samples obtained from 2 different rheuma-
toid arthritis patients before (A and C) and 4 weeks after (B and 
D) initiation of rituximab treatment. Different patterns of deple-
tion were identified. In some patients, there was complete B cell 
depletion (compare A and B), while in other patients, few B cells 
were depleted (compare C and D). (Original magnification x 20.)

FIGURE  
No.2

DEPLETION OF CIRCU-
LATING B CELLS

SPECIFIC REDUCTION 
OF SYNOVIAL B CELLS 
EARLY AFTER INITIA-
TION OF RITUXIMAB 
TREATMENT, BUT NOT 
IN ALL PATIENTS.
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Lymphocyte aggregate counts, by grade, total numbers, and mean diameter, in rheumatoid arthritis patients 
before and 1 month after rituximab treatment*

 LYMPHOCYTE AGGREGATES BEFORE RITUxIMAB   LYMPHOCYTE AGGREGATES AFTER RITUxIMAB   

 GRADE  � GRADE � GRADE � TOTAL   MEAN  GRADE � GRADE � GRADE � TOTAL   MEAN

    NUMBER DIAMETER    NUMBER DIAMETER

Patient

1 8 2 5 15 15 3 1 0 4 8
2 6 0 0 6 6 0 0 0 0 0
3 22 33 15 70 15 22 10 9 41 13
4 0 0 0 0 0 18 6 0 24 8
5 0 0 0 0 0 0 0 0 0 0
6 69 25 28 122 13 55 30 14 99 12
7 15 5 12 32 16 27 9 0 36 8
8 18 12 11 41 15 1 4 3 8 19
9 5 3 1 9 11 5 3 5 13 17
10 3 0 0 3 6 0 0 0 0 0
11 0 2 0 2 14 0 0 0 0 0
12 13 7 0 20 9 41 25 9 75 12
13 5 3 0 8 9 0 1 3 4 26
14 0 0 47 47 30 16 12 13 41 16
15 6 2 5 13 16 0 0 6 6 30
16 0 0 0 0 0 0 1 0 1 14
17 0 0 0 0 0 0 0 0 0 0
mean 10 6 7 23 10 11 6 4 21 11

* The number of lymphocyte aggregates per section was counted, and the aggregates were graded on a scale of 
1–3, where 1 = 1–5 cells in maximal radius, 2 = 5–10 cells in maximal radius, and 3 > 10 cells in maximal radius. 
For calculation of the mean aggregate diameter per section, an average aggregate radius of 3 was taken for 
grade 1 aggregates, 7 for grade 2, and 15 for grade 3.

TABLE  
No.3

A B

C D
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The results presented here demonstrate the early ef-
fects of rituximab on rheumatoid synovial tissue. The 
effects are specific, since premedication with meth-
ylprednisolone, which could have influenced the cell 
infiltrate, was omitted. 

 Consistent with previous studies 18, signifi-
cant numbers of B cells were present in the rheuma-
toid synovium in a subset of the patients. B cells were 
mostly found in moderate (grade 2) and large (grade 
3) lymphocyte aggregates, and they colocalized with 
large numbers of CD4+ T cells. In contrast with the 
rapid and profound depletion of peripheral blood B 
cells in all patients, there was a variable response in 
the synovial tissue. This might be explained by such 
factors as BLyS and complement-inhibiting factors 
that are expressed in the synovium 9,10. In addition, the 
interaction between B cells and other cells, including 
T cells, follicular dendritic cells, and synovial fibro-
blasts, could protect B cells against undergoing cell 
death.

 These observations confirm and extend data 
obtained in animal models. In mouse models, the 
kinetics of B cell depletion and the sensitivity of B 
cells to rituximab varied among different tissues 6,7. 
In a human CD20–transgene mouse model, B cells in 
the peripheral blood and lymphoid tissues were highly 
sensitive to cell death in response to rituximab treat-
ment, while B cells located in germinal centers in lym-

phoid tissues were far less sensitive to depletion 
6. This could be explained by the protective effect 
of B cell–activating factors such as BLyS and the 
requirement for B cells to access the circulation 
for efficient depletion. Consistent with these find-
ings, B cells in germinal centers in the thyroid of 
a patient with Graves’ disease were found to be 
present despite rituximab 7 months after treat-
ment 8. In contrast to these studies, a disruption 
of germinal centers in human RA synovial tissue 
engrafted into SCID mice was seen 3 days after 
treatment with anti-CD20 antibodies 18. This dif-
ference might be explained by the different treat-
ment regimens used and the drug kinetics in this 
particular model.

 We found an increase in the number of 
sublining macrophages 4 weeks after initiation 
of treatment, at a time when no clinical improve-
ment had yet occurred. This might be explained 
by the withdrawal of biologic agents and 
DMARDs other than methotrexate prior to
study inclusion, consistent with our previous 
studies showing an increase in sublining mac-
rophages in placebo-treated patients 19,20. Thus, 
it is tempting to speculate that a reduction in 
macrophage numbers might follow after a longer 
followup period.

 The observations presented herein 
clearly show specific depletion of B cells in the 
inflamed synovium early after the initiation of 
rituximab treatment. It should be noted, however, 
that depletion is not complete and does not occur 
in all patients. Persistent synovial tissue B cells 
might still drive the local inflammatory process 
in these patients and could be a source of the low 
numbers of circulating B cells (CD19+, IgD+, 
CD27+) that have been described after treatment 
with rituximab in patients with RA and systemic 
lupus erythematosus 4,21. The persistence of these 
B cells could also be responsible for an early 
relapse of RA activity. Future studies will need to 
address whether a more profound depletion can 

be achieved over time and whether evaluation 
of synovial B cells could assist in predicting the 
clinical response and deciding when to give the 
patient a second course of treatment. Examina-
tion of synovial biopsy samples obtained at later 
time points is also needed to provide insight into 
the secondary effects on other cell populations in 
the inflamed joint.

WE WOULD LIKE TO THANK PETRA REINDERS-BLANKERT, TOM J. M. SMEETS, AND 

MARJOLEIN VINKENOOG FOR ExPERT TECHNICAL SUPPORT FOR THE IMMUNO-

HISTOCHEMICAL AND DIGITAL IMAGE ANALYSES.

DISCUSSION AckNOwLedgmeNTS
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aggregates, with the majority being 
present in grade 3 aggregates. At 
baseline, there was a positive correla-
tion between the numbers of CD22+ 
B cells and the numbers of CD3+ T 
cells (P < 0.001), CD4+ and CD8+ 
T cells (P < 0.001 and P = 0.026, 
respectively), CD38+ plasma cells (P 
< 0.001), grade 2 and 3 aggregates (P 
< 0.001 and P = 0.003, respectively), 
and the ESR and CRP levels (P = 
0.008 and P = 0.014, respectively). 

There was clear heterogeneity of B 
cell infiltration between patients. 
Importantly, using statistical analy-
sis for paired data, we detected a 
significant decrease in the number 
of CD22+ B cells in the synovium 4 
weeks after initiation of rituximab 
treatment (median 26 cells/ mm2 
[IQR 4–150] before treatment and 11 
cells/mm2 [IQR 0–29] after treat-
ment; P = 0.016) (Table 2 and Figure 
1). In 3 patients, B cells disappeared 
completely, whereas in 11 patients, 
there was only a partial decrease in 
B cell numbers (Figure 2). In 3 pa-
tients, no B cells were present in ei-
ther the pre- or posttreatment biopsy 
specimens. No correlation between 
the change in the number of B cells 
and the change in DAS28 scores at 4 
weeks was found. At this time point, 
there was no statistically significant 
decrease in the total aggregate num-
ber (P = 0.245), the total number of 
grade 3 aggregates (P = 0.139), or the 
mean aggregate diameter (P = 0.432) 
(Table 3), which could be explained 
by the fact that T cells were unaf-
fected. 

As shown in Table 2, the reduction in 

B cells was specific, since there was 
no decrease in the number of fibro-
blast-like synoviocytes, T cell popula-
tions, or plasma cells at that time 
point. In contrast, there was a trend 
toward an increase in the number of 
sublining macrophages.
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