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Background The adaptive immune system protects the body 
from invading pathogens. However, adaptive responses have 
also been implicated in autoimmune diseases such as rheu-
matoid arthritis. During these immune responses, activated T 
and B cells can undergo clonal expansion. Identifi cation and 
monitoring of expanded clones has proved diffi cult owing to 
the extremely high diversity of T and B cell receptor (TCR/
BCR) repertoires. Current techniques are unable to rapidly and 
quantitatively analyse these vast repertoires with suffi cient 
resolution; furthermore, they are vulnerable to artefacts. Here 
the authors show that high throughput sequencing (HTS) 
overcomes current limitations and can be successfully applied 
for TCR and BCR repertoire analysis in humans and mice, 
both in blood and synovial tissue.
Methods Primer sets were developed for the complete human 
TCR and BCR repertoires and murine TCR repertoire. The 
primers cover all functional V(ariable) and J(oining) genes 
(β-chain (TCR), heavy-chain (BCR)), thereby spanning the 
CDR3, which was used to identify individual clones. A mul-
tiplex linear amplifi cation was developed to provide unbiased 
amplifi cation of all receptor mRNA molecules. Peripheral blood 
mononuclear cells from two healthy donors (HD) and six Bl6 
mice were analysed on a Genome Sequencer-FLX (Roche) pro-
viding >100 000 receptor sequences per run. Bioinformatics 
tools were developed to identify gene segments, identify the 

CDR3 and correct for sequencing errors. Quantifi cation was 
validated in a dilution series of Jurkat T cells in a background 
of human CD4 T cells. Validation against the ‘gold standard’ 
of cloning and sequencing was performed in murine models 
of fl u infection and ovalbumin immunisation using tetramer 
responding T cells as read-out.
Results The technique successfully yielded the sequences of 
the V and J segments and the CDR3 region in all repertoires. 
The human TCR analysis recovered 13/13 J and 47/49 func-
tional V genes in a HD blood sample. In a murine blood sample, 
13/13 J and 22/22 V genes were identifi ed. The BCR analy-
sis showed 6/6 J and 44/44 V genes in blood from a HD. The 
dilution experiment showed a linear relation between input 
(Jurkat/CD4) and output (Jurkat/CD4) (R2=99, p<0.0001). In 
the fl u and ovalbumin models, all clonal expansions found by 
cloning and sequencing (153 reads) in individual mice were 
also recovered in the HTS protocol (6825 reads) in approxi-
mately the same distributions.
Conclusions Our new HTS protocol overcomes current 
limitations in TCR/BCR repertoire analysis. It provides rapid 
unbiased quantitative information about complete repertoires 
at once in humans and mice. Clonally expanded cells could 
easily be identifi ed in a background of resting cells for all rep-
ertoires analysed, both in blood and synovial tissue.

02_ar-69_2(Suppl)-abstract.indd   3302_ar-69_2(Suppl)-abstract.indd   33 2/17/2010   4:35:56 PM2/17/2010   4:35:56 PM

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2010.129619o on 4 A
pril 2011. D

ow
nloaded from

 

http://ard.bmj.com/



