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B CELLS IN RHEUMATOID ARTHRITIS

M.E. Doorenspleet,  P.L. Klarenbeek, M.J.H. de Hair, B.D.C. van 
Schaik, R.E.E. Esveldt, A.H.C. van Kampen, D.M. Gerlag, 

A. Musters, F. Baas, P.P. Tak, N. de Vries  

Rheumatoid arthritis synovial tissue harbours dominant B-cell 
and plasma cell clones associated with autoreactivity  

Ann Rheum Dis 2014;73:756-762
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          SUPPLEMENTARY FIGURES AND TABLES

          INTRODUCTION

diabetes mellitus type 1 (T1DM))1-4

B cells results in clinical improvement in several autoimmune diseases5-10. Unfortunately, the 
11

Methods

early RA (ERA) (< 6 months) and six with established RA (ESRA) (> 20 months). In two 

sequence reads per sample. For each clone, the degree of expansion was calculated 

Clones with a frequency ≥ 0.5% were considered dominant.

Results

enriched for immunoglobulin heavy chain gene segment V4–34 and showed longer 

CDR3 lengths. Dominant synovial clones that did not encode IGHV4–34 also had longer 

CDR3s than peripheral blood.

Conclusion

in the earliest phase of disease, seems to be the most promising compartment for 

3
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12-17.

18,19, 

class-switched - for example, in RA synovium20-26

cells is enrichment of the immunoglobulin heavy chain gene segment V4-34 (IGHV4-34), 

individuals and those with RA27

of the BCR (third complementary determining region (CDR3) of the heavy chain). These are 

normally counter-selected during B-cell development, but might be enriched in autoimmune 

disease28. In this study, we use NGS to measure B-cell and plasma-cell clonal expansions and 

(ERA) and established RA (ESRA).
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          MATERIALS AND METHODS

 

methotrexate treatment (7.5 - 30  months (ESRA). 

of Rheumatology criteria for RA29  kAU/l and/or rheumatoid 

factor > 12.5 

in 28 joints > 3.2 (Table S1

 mg 

rituximab, 100 mg methylprednisolone, infusion 9 months before sampling). The study was 

consent.

previously30

within 10 days of each other (ESRA6). Paired PB was sampled in four ERA and four ESRA 

described previously12.

12,13,17,31. In short, a linear 

Vheavy genes. The Vheavy primers contained a primer B sequence required for amplicon 

and used in a generic PCR using primer B as forward primer and a reverse generic primer 
32, 

Cδ33, Cγ or Cμ reverse primer was used, again containing primer sequence A34. Samples were 

each sample, >10,000 BCRheavy sequences were analysed. NGS visualises expanded B cells as 

3

47



denote unique BCR signals that are highly abundant within the repertoire.

detail31

35. Values are expressed as mean and SD, or median 

analysed using Student t tests, Mann-Whitney U tests or one/two-way analysis of variance. 

5.1 was used to perform the analyses.

          RESULTS
B-cell clonal expansions in the synovium

compared with that in PB. In both ERA and ESRA, dominant clones were detected in ST

Figure 1 

and ESRA1-4). Each dot represents one clone. The size of the clones is depicted as percentage of the total BCRheavy sequences. (C) 
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but not PB (Figure 1A/B

Figure S1A/B

≥ 0.5%. Using this threshold, we found that 1.9% of the ST clones were dominant, and 0.3% 

in PB (Figure 1C). These synovial frequencies did not correlate with disease phase (Figure 

S1A). Dominant synovial clones had a large impact on the total repertoire; combined, the 

22 dominant clones accounted for 61% (median, IQR 42 - 64%) of the repertoire, whereas 

the 22 most dominant clones in blood accounted for 14% of the repertoire (median, IQR 

7 - 22%) (Figure 1D Figure S1B). 

total repertoire; combined, the 22 dominant clones accounted for 61% (median, IQR 42 - 

64%) of the repertoire, whereas the 22 most dominant clones in blood accounted for 14% 

of the repertoire (median, IQR 7 - 22%; Figure 1D

disease phase (Figure S1B

If dominant clones in ST were truly RA related, one would expect them to be present in 

in the right knee were comparable (six overlapping out of 20 dominant clones). Together, 

all overlapping clones accounted for 43% of the repertoire in both joints (Figure 2A). In SF, 

from the elbow and the knee, of which three were dominant in both (Figure 2B). Comparing 

the ST or SF clones with those in PB, only 0.15% of the synovial clones could be recovered in 

PB (median, IQR 0.03 - 0.42%) (Figure 2C/D/E

Table S3) or between 

3

49



and expanded, it is likely that class-switching - from IgD+IgM+ to IgG+ or IgA+ - occurs as well. 

We therefore analysed the immunoglobulin isotypes of synovial clones in ERA and ESRA. We 

found that the majority of the clones were class-switched (ERA 87.8% (SD 6%), ESRA 59.2% 

(SD 15%); p < 0.0001 compared with PB of healthy individuals (19.3%), data not shown, 

Figure S2

mean 56.0%; p < 0.0001; Figure 3A
+/IgM+ clones was altered in 

ERA (8.4, SD 1.6) and ESRA (1.7, SD 1.3) (p < 0.001; Figure 3B/C and supplementary results). 

+/IgM+

IGHV4–34 use

27. As 

dominant clones. To this end, we analysed synovial clones for the presence of the IGHV4-

34 in comparison with PB. In ERA, 4.1% of all synovial clones expressed IGHV4-34 (mean, 

50

Figure 2 Clonal overlap 

and between synovium 
and peripheral blood. 
(A) Overlapping clones 
between synovial 

samples from two 

and right knee) of the 

represents one overlapping clone. The clonal frequency (in 
percentage) in each compartment is depicted on both axes. 

above or to the right of these lines represent the clones 
that are among the most dominant in each joint. Clones in 
the upper right quadrant represent those that are the most 
dominant in both knees. Clones with a frequency of 0 are 
present in the other joint but not traced back in the joint 

those that are the most dominant in both joints. (C) 

(D / E) Overlapping clones between peripheral blood and SF from a knee joint (D), and SF from an elbow joint (E).



SD 2.5%), compared with 2.0% in ESRA (mean, SD 0.9%). Similar numbers were found in PB 

Figure 

4A). Among the dominant synovial clones in ERA, 12.3% expressed IGHV4-34 (median, 

clone (median 0, IQR 0 - 1.4%; p = 0.002; Figure 4B
+

shown). Almost all dominant IGHV4-34-expressing clones were IgG+ (median 100%; data 

not shown). In conclusion, among dominant clones, we observed an enrichment of clones 

Increased CDR3 length
28 

,36–39

44,664 clones were recovered of which 29,706 were derived from blood and 14,958 from 

synovium. In synovium a CDR3 length of 17.8 amino acids was found in ERA, and 17.6 in 

15.0 (ESRA) in blood (mean, SD 4.3 in both, p < 0.0001, Figure 5

might be explained by longer CDR3s in dominant clones, we analysed the dominant synovial 

clones versus non-dominant clones. This showed equal CDR3 lengths in dominant and non-

ERA, and 16.9 (SD 4.0) and 17.6 (SD 4.3) (p = 0.15) in ESRA, data not shown). A trend towards 

whether this was due to the enrichment of IGHV4-34. To this end, we analysed the CDR3 

lengths of dominant clones excluding the IGHV4-34 bearing clones. Indeed, removal of these 

3
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Figure 3 
repertoire occupied by all class-switched clones in synovium (total) compared with the percentage of class-switched clones present 

immunoglobulin isotypes in synovium in ERA (black bars) and ESRA (white bars) (bars show mean and SD, *** p < 0.001 for both IgG 

synovium in ERA versus ESRA (lines show mean and SD; *** p < 0.0001 using the Student t test).



0.24) In line, the CDR3 lengths in IGHV4-34 bearing ERA clones measured 19.9 amino acids 

compared to the non-IGHV4-34 clones (17.4 amino acids, p = 0.005; Figure 5). In summary, 

these data showed that CDR3s in synovium are longer in comparison with peripheral blood. 

Dominant synovial clones seem to have comparable CDR3 lengths, though in IGHV4-34 

          DISCUSSION

dominant clones are enriched for the IGHV4-34 gene, which has longer CDR3 sequences. 

individual B-cell clones can be retrieved from 

40,41

that only a few synovial clones are dominant, 

Figure 4 IGHV4–34 clones in synovial 

in early RA (ERA) and established 
RA (ESRA). (A) Percentage of total 
clones that are IGHV4-34 bearing 
in ST compared with those in PB 
in ERA and ESRA (median and IQR 
are depicted). (B) Percentage of all 
dominant clones that are IGHV4-34 
bearing in ST, comparing ERA (ERA-ST) 
and ESRA (ESRA-ST) (median and IQR 
are depicted; ** p < 0.01 using Mann-
Whitney U test).

52

Figure 5 
peripheral blood (PB) in early RA (ERA) and established RA (ESRA). The CDR3 
length (number of amino acids) of all synovial clones (total ST), all dominant 
synovial clones (dominant ST), all dominant clones using the IGHV4-34 gene 
if available (IGHV4-34(+) ST), all dominant clones that do not use the IGHV4-
34 gene (IGHV4-34(-) ST) and all clones from PB in ERA as well as ESRA. All 
bars show mean and SD (* p = 0.05, ** p < 0.01, *** p < 0.001 using one-way 
analysis of variance).



not due to a more generalized sharing of clones between blood and synovium, since 

dominant synovial clones are hardly traceable in blood, and when they are, they are 

synovium and blood might be even larger if some of the overlap in our samples is the 

We chose to study the B-cell repertoire by measuring BCRheavy chain mRNA levels to analyse 

the abundance of each clone in the context of the full repertoire. This approach has the 

cell types in the B-cell lineage, including B cells and plasma cells. These cells might express 

For this study, one may argue that the BCR signal in PB originates from B cells, since 

42,43. 

plasma cells.

In this study, we were unable to obtain phenotypic or genomic data on the synovial clones, 

3
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whether they are truly pathogenic, or of a more regulatory phenotype.

studies have previously reported that memory B cells and plasma cells are present in RA 
20,23,40,41,44,45. More recently, it has been shown that synovial 

46

+

27

This might be explained by the loss of dominance of T cells necessary for class-switching in 

germinal centres. Moreover, the increased IGHV4-34 usage and the longer CDR3 sequences 

T cells, which also pinpoint the most striking changes in clonality to ERA12

47-49. This strongly suggests 

insight into disease pathogenesis.

and characterise disease-associated B- and plasma-cell clones. One of the next challenges 

possible50. Coupling these techniques to BCR-repertoire screens will allow the coupling of an 
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          SUPPLEMENTARY RESULTS

synovial clones for their Ig-isotype in both ERA and ESRA. We found that the IgG+ clones 

in ERA accounted for 86.1% (SD 7.6%) and in ESRA for 54.6% (SD 15.3%) (p < 0.0001). 

The percentage of IgA+ clones remained comparable: 1.6% in ERA (SD 0.9%) and 4.6% in 

ESRA (SD 3.0%, p = 0.18). Of note, the percentage of IgM+ clones increased from 11.2% in 

ERA (SD 5.5%) to 39.9% in ESRA (SD 17.5%, p < 0.0001; Figure 3C

Table 

S2). In conclusion, we found a decrease in the number of IgG+ clones comparing early and 

established RA, whereas the number of IgM+ clones increased over the course of disease. 

the variable region of the receptor in ERA and ESRA.
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          SUPPLEMENTARY FIGURES AND TABLES

Figure S1 Clonal size and impact of B-cell clones 
in synovium of early (ERA) and established RA 

synovial clones in ERA (black bars) and ESRA 

in both stages of the disease (bars show mean 

and SD are shown). The x-axis depicts the number 

in percentage.

Figure S2
The percentage of the repertoire occupied by class-switched clones (IgA and IgG) in 

of class-switched clones found in peripheral blood of healthy individuals (HC PB, mean 
19.3, SD4.2, n = 6). Bars show mean and SD,   *** p < 0.001 using 1.way ANOVA.

Table S1
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Table S2 
the CDR3, joining gene segment (IGHJ), frequency per clone within the total repertoire (all clones ≥0.5% were included in this table), 

34).
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