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T CELLS IN RHEUMATOID ARTHRITIS

P.L. Klarenbeek, M.J.H. de Hair, M.E. Doorenspleet,  B.D.C. van 
Schaik, R.E.E. Esveldt, M.G.H. van de Sande, T. Cantaert, D.M. 

Gerlag, D. Baeten, A.H.C. van Kampen, F. Baas, P.P. Tak, N. de Vries 

Inflamed target tissue provides a specific niche for highly 
expanded T-cell clones in early human autoimmune disease

Ann Rheum Dis 2012;71:1088–1093
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          INTRODUCTION

1-3

Methods

established RA (>18 months) (n=6) was screened for T-cell clones by sequencing over 10 

000 T-cell receptors (TCR) per sample. T cells from paired blood samples were analysed 

unique CDR3 sequence frequency within a sample. Clones with a frequency of over 

0.5% were considered to be highly expanded clones (HEC).

Results In early RA synovium, the T-cell repertoire was dominated by 35 HEC (median, 

p<0.01). 34% (range 28–40%) of the most expanded T-cell clones were shared between 

synovium and blood (p=0.01).

Conclusions
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located in the HLA locus4-7

8-10. In several human 

11,12. However, only few studies have demonstrated the presence 
13. 

poorly understood.

1,14,15.

individual clones within the complete TCR repertoire15-18

peripheral blood14,19-24. Whereas these studies indicate the presence of expanded synovial 
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this challenge by assessing: (1) which part of the repertoire is taken up by expanded clones? 

(2) does the repertoire change over the course of disease? (3) how does the repertoire in 

synovium compare with the repertoire in peripheral blood? (4) does the repertoire overlap 

          MATERIALS AND METHODS

in 28 joints (DAS28) > 3.2) and were naive for treatment with biological agents (see Tables 

S1 and S2 25

with rituximab (last infusion was 9 months before sampling). The study was performed 

At inclusion a peripheral blood sample was obtained and an arthroscopic synovial biopsy 
26. From three early RA 
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the Netherlands). Blood samples consisted either of heparinized blood (established RA-

blood mononuclear cells (PBMCs) were isolated from heparinized blood using standard 

RNeasy Mini System. RNA quality was checked using the Bioanalyzer 2100 system (Agilent) 

the Netherlands). 

Samples were processed as described previously15,27. cDNA was synthesized with 

Superscript RT-III and oligo-dT primers according to the manufacturer’s protocol (#18080-

as described earlier1

β primerset described by van Dongen et al. All V-primers contain 

BioDyne) in a volume of 20 μ

(5’-CTCAAACACAGCGACCTC-3’) was used as reverse primer. The reverse primer contains a 

of 40 μL using a T-Professional thermocycler (96°C (900s), 35× (96°C (30s), 60°C (60s), 72°C 
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Invitrogen). Samples were prepared for sequencing according to the manufacturer’s 

protocol for Amplicon Sequencing. NGS was performer on a Roche Sequencer FLX using the 

15

in the number of T-cells within the synovial biopsies, we analyzed the background frequency 

of non-expanded clones in all of the samples (Figure S4). In none of the samples the mean 

Values are either expressed as mean or median depending on criteria for (non-)normal 

Whitney U tests if appropriate. p Values of less than 0.05 (two-sided test) were considered 

analyses.

          RESULTS

clones at the full-repertoire level in all synovium samples in a background of hundreds of less 

expanded clones (Figure 1A

which the majority of the clones (84% of clones; mean, SEM 5.9%) was of low frequency (< 

0.1% of total TCR analyzed) (Figure 1B).

Figure 1 
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of more than 0.5% of the analysed TCR to be highly expanded clones (HEC). Only 8.4% 

(mean, SEM 4.0%) of the clones was expanded beyond this value. In absolute numbers this 

corresponded to a median of 35 clones (range 2 - 70). Subsequently, we determined the 

our way down through the 250 most expanded clones (Figure 1C).

 

Strikingly, we found that the majority of the repertoire was taken up by a small number 

of HEC. Together, the six most expanded clones accounted for 27% of the T-cell sequences 

present (median, SD 5.2%), while the 35 most expanded clones (median number of HEC) 

Figure 2

the supplementary results). In blood only 0.08% of the clones had a frequency of more 

22,28,29. We therefore analysed the T-cell repertoire in synovium of six 

Figure 2 

of expansion of the clones is depicted as a percentage of the total T-cell receptors (TCR). (B) Enlargement of 0 - 2% showing that 

blood (black) and synovium (grey) (mean and 95% CI (dashed lines) are shown). The x-axis depicts the number of clones included 

any number of clones up to 125 clones (Student’s t test).
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Figure 3A/B). 

Figure 3C

comparable to the samples described in Figure 1 (and Figure S1). The overall frequency 

early RA, although there was a trend towards a lower number of HEC (mean 0.8% (SD 0.7%) 

in established RA vs 8.4% (SD 9.7%) in early RA; p = 0.11; Figure 3D). In established RA this 

corresponded to a mean of 11 HEC. Finally, we determined the impact of the expanded

clones on the total repertoire (Figure 3E

Figure 3 

depicted as a percentage of the total T-cell receptors (TCR). (B) Enlargement of clonal size 0 - 2% showing that clones are present, 
but that they are less expanded. (C) Comparison of the degree of expansion of the most expanded clones in each sample shows 

from the most expanded clones). The y-axis shows the percentage of TCR sequences that are covered by the included clones. The 

(Student’s t test).
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with the 35 HEC in early RA (56%; p < 0.01). When we included the 35 most expanded clones 

and between joints and blood. To study overlap between joints we analysed (rare) synovial 

knee could also be recovered in the right knee joint (Figure 4A). Vice versa nine of the 25 

Figure 4 

one clone. The frequency (percentage of repertoire) in each knee is depicted on both axes. The lines delineate the frequency of the 
25 highest expanded clones; clones depicted above or to the right of these lines represent the clones that are among the 25 highly 
expanded clones in each knee. Clones in the upper right quadrant represent clones that are found among the 25 highest clones in 

most expanded clones that is found in the upper right quadrant of each comparison (ST-ST / SF-SF and ST-PB) *p<0.05.
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seven (28%) of the 25 most expanded clones overlapped with the 25 most expanded clones 

(100%) from the elbow could be recovered in the knee and vice versa (Figure 4B). In both 

joints 10 of the 25 most expanded clones (40%) were among the 25 most expanded clones 

from the other joint. To compare synovium with blood we studied paired synovium and 

(Figure 4C/D). In this comparison we found that only 4% (median value, range 0 - 8%) of 

the 25 most expanded synovium clones could be detected among the 25 most expanded 

(range 28 - 40%; p = 0.01; Figure 4E

and peripheral blood.

30. To this end we 

compared the TCR sequences of all the synovial HEC detected in this study. We found no 

Table 

S3

Figure 5

Figure 5

represents each HEC. The x-axis show the V(ariable) gene segment used by the clones, the y-axis the J(oining) gene segment. The 
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          DISCUSSION

clones especially in the early stages of RA. Previous studies showed that expanded T-cell 

clones could be found in the synovium14, 19-24. However, both the extent of clonal expansion 

and the degree of repertoire skewing varied greatly between the studies30. Overlap of clones 

joints and peripheral blood could not be addressed21,29. Our data show clear oligoclonal 

TCR repertoire in peripheral blood is polyclonal and there is hardly any overlap between 

synovium and blood. In fact, many of the HEC from the synovium could not be recovered 

with the peripheral blood3,31

29

has been demonstrated in models of autoimmune disease, including models of RA and 

T1DM32. In accordance with this model, Monach et al.33 recently showed that in synovium 

observed in our study, the HEC in early RA would lose their dominance during chronic 
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a change in the presence of T-cell subsets that are known for their vigorous expansions (e.g. 

CD8, CD28null, or CD57+)15,23,34

early and long-standing disease have never been detected for phenotypic markers, cytokines 

or other markers35-37. Future studies might combine immunophenotyping with repertoire 

sequencing to characterise the HEC further. Finally, although we did not observe reduced 

many years, it has not been studied extensively. In-vitro studies showed that TCR mRNA 

levels and TCR surface expression are equal for quiescent CD4 and CD8 T cells (including 

surface expression than quiescent cells, with related mRNA levels38,39. In our study this 

synovium40,41

Therefore, the most sensible approach may be to separate the HEC from the small clones 
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          SUPPLEMENTARY RESULTS

Figure 1

synovium we performed the same analyses in peripheral blood. We used paired peripheral 

peripheral blood did not show the same degree of clonality as the synovium (Figure 2A / B). 

The most dominant clone observed had a size of 1.2% of the TCRs analyzed. The frequency 

(mean 0.97% (synovium) of clones vs 0.04% (blood) in the histogram range 0.4% - 0.5% (p < 

0.05) and 8.4% (synovium) vs 0.08% (blood) in the histogram range > 0.5% (p < 0.05)) (Figure 

2C). In another approach, we analyzed the impact of the most expanded clones on the 

repertoire (Figure 2D). This again showed that most expanded clones in the peripheral blood 

34

Figure S1 

up to 125 clones.
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Figure S2 

we performed the following analysis: we removed all the HECs (clonal size 
>0,5% of the repertoire) from the datasets as they can make up large parts 
of the cells analyzed. (example: HECs can take up 40% of all TCR sequences) 
In the remaining datasets we determined the amount of clones that were 
recovered. (example 1200 clones). We then divided the number of recovered 

1200/60% = 20 clones/% of data). This way the background- frequency of 
(small) clones can be determined. If there are less T-cells in the biopsy than 
there were sequences analyzed, then the number of ‘small’ clones/% of data 

excluded.

Table S1
IgM-RF = IgM rheumatoid factor. The cohorts were well matched. The DAS28 score was slightly lower in the ERA cohort, but this did 

Table S2

carried at least one DRB1 4-allele.

          SUPPLEMENTARY FIGURES AND TABLES
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Table S3 
J(oining) gene segment, and the frequency per clone within the total repertoire (all clones ≥0.5% were included in this table).


