
FigureS1–Synovial TCRβ α diversity is associated with higher disease activity levels 

A) Lowered synovial TCRβ clonotype evenness (Simpson’s evenness, calculated using the 
reciprocal index) is observed in patients with highly active RA (as assessed by DAS28 > 5.1, 

from the PEAC cohort). B) No difference in clonotype evenness is observed in paired peripheral 

blood samples obtained from the same cohort. C) Synovial Simpson’s evenness is negatively 
correlated with DAS28 disease activity and erythrocyte sedimentation rate (ESR). These results 

are consistent with Fig1B-C, calculated using Shannon diversity. 

FigureS2– Clonal expansion is most prominent in RA patients with lymphoid pathotype 

A) Network visualization of clustered synovial TCRβ clonotypes extracted from the GSE89408 

cohort. Larger nodes correspond to larger clonotypes (higher frequency). B) Clone distribution 

plot in the GSE89408 cohort, wherein synovial samples from four different pathologies were 

analyzed. Larger clones were more frequently found in RA patients compared to osteoarthritis 

(OA), arthralgia (AG), and healthy controls (HC). C) Intersection plot of clonotype overlap 

between the four conditions demonstrates that cross-pathology clonal sharing is very rare. D) 

Clone distribution plot in the PEAC cohort, wherein synovial samples were classified according 

to pathoype. Larger clones were more frequently found in lymphoid pathotype. E) Intersection 

plot of clonotype overlap between the three pathotypes demonstrates that a significant number of 

clones can be found to overlap across pathoypes. This result indicates that synovial T cell 

activity of RA patients may be influenced in part by shared clonotypes independently of 

histological pathotype. 

FigureS3: Transcriptome and repertoire differences between varying joint conditions in 

GSE89408 are independent of some common sources of variation 

A) Visualization of the RNA transcriptome data from the GSE89408 following normalization 

and dimension reduction in UMAP space. Clear stratification can be seen in the majority of 

healthy control and osteoarthritis samples from the rheumatoid arthritis samples, while early and 

established samples are relatively admixed. B) Projection of the gender of the specimen donor in 

UMAP space. No noticeable separation can be seen between male and female donors. C) ACPA 

status is also not a distinguishing factor on the overall transcriptome level. D) Age of the donors 

is also not a distinguishing factor on the overall transcriptome level. E-G) Expression of key 

markers of T cells (the highly expressed, and functionally critical, molecules CD3D, CD3E, and 

CD3G) is most highly concentrated in a subset of the RA samples on the right half of the UMAP 

space. H) The overall TCR counts recovered from each sample through repertoire reconstruction 

mirrors the expression pattern in (E-G), indicating that repertoire reconstruction is in fact 

reflective of overall T cell representation in the sample. 
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FigureS4–Synovial TCRβ α diversity is higher in lymphoid pathotype 

A) Network visualization of clustered synovial TCRβ clonotypes extracted from the PEAC 

cohort. Larger nodes correspond to larger clonotypes (higher frequency). One can observe that 

while highly interconnected nodes are dominated by the lymphoid pathotype, there is some 

overlap with the other two major pathotypes. B) Increased synovial TCRβ clonotype diversity 

(Shannon index) is observed in patients with the lymphoid pathotype. C) No significant 

difference in peripheral blood TCRβ clonotype diversity is observed between the three 

pathotypes. D) Lowered synovial TCRβ clonotype evenness (Simpson’s evenness, calculated 
using the reciprocal index) is observed in patients with the lymphoid pathotype. E) No 

significant difference in peripheral blood TCRβ clonotype evenness is observed between the 

three pathotypes. 

FigureS5– Motif analysis of RA samples stratified by disease activity assessment scores 

Network visualization of clustered TCRβ clonotypes extracted from the PEAC cohort, colored 

according to four different measures clinical measures. Larger nodes correspond to larger 

clonotypes (higher frequency). A) The larger clusters correspond to TCRβ clonotypes derived 

from patients with higher pain levels as assessed through the visual analog scale (VAS). B) 

These patients also generally reported higher impact on quality of life through the healthy 

assessment questionnaire (HAQ). C-D) Disease duration and inflammation scores have weaker 

likelihoods of being overrepresented in the larger TCR clusters.  

FigureS6– Motif analysis of RA samples classified by antibody levels 

Network visualization of clustered TCRβ clonotypes extracted from the PEAC cohort as in 

FigS4, colored according to reported antibody titres. A) Larger TCR clusters contained both 

ACPA+ and ACPA- patients. B) While the majority of the TCR sequences originate from 

seropositive patients, some of these sequences are also shared in rheumatoid factor-negative 

patients. These results indicate that antibody status and titres may not directly influence TCR 

clonotype clustering.  

FigureS7–Synovial TCRβ clonotypes are not wholly independent from peripheral circulation 

A) Network visualization of clustered TCRβ clonotypes extracted from the PEAC cohort as in 

FigS4, colored according to tissue origin. Notably, the larger TCR clusters all feature sequences 

found in both peripheral blood and synovial tissue. B) Publicity analysis demonstrates that 

identical TCRβ clonotypes can be found to shared across multiple patients when both peripheral 

blood and synovial tissue are considered. More public clonotypes also tend to be larger. C) Pie 

chart summary of sharing relationships shows that clonotypes are more likely to be found in 

synovial tissue and peripheral blood as compared to only peripheral blood or synovial tissue 

alone. 
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FigureS8–β diversity metrics in TCR repertoire data from paired blood and synovium samples 
fail to delineate between pathotypes and disease activity 

Calculated pairwise similarity metrics of paired blood and synovial tissue sample from the PEAC 

cohort fail to identify significant associations between blood-synovial tissue TCR repertoire 

overlap and disease pathotype (A,C), or with disease activity (B,D). 

FigureS9–TCR repertoire analysis of rheumatoid arthritis patients includes sequences matching 

annotated pathogen-specific TCRs 

A) Network visualization of RA synovial TCRβ clonotypes extracted from both the PEAC and 

GSE89408 cohorts, connected according to CDR3 amino acid sequence Levenshtein distance (0 

perfect match, 1 a single substitution/deletion/insertion).  When searched against the McPAS-

TCR database of curated TCR clones, hits for both pathogens and autoimmune diseases were 

found. B) Network visualization of RA synovial TCRβ clonotypes extracted from both the 

PEAC and GSE89408 cohorts as in (A) searched against the VDJdb database of antigen-specific 

clones. Once again, a large number of hits were found to correspond to pathogen-specific clones. 

FigureS10–TCR repertoire analysis of rheumatoid arthritis patients include annotated epitopes 

from the full McPAS database 

More detailed annotation of the matches to RA synovial TCR sequences and the McPAS 

database. A) RA synovial TCR sequences in both databases fall into a number of large clusters 

of highly similar sequences, and these clusters include annotated TCRs from multiple 

pathologies. B) CDR3 sequences originating from annotated CD4+ and CD8+ T cell populations 

can be found.  C) The majority of these sequences originate from known antigen epitopes. D) Of 

note, because the vast majority of annotated TCR sequences come from pathogen-focused 

experiments, a vast majority of the observed hits were also found to match pathogens. However, 

we were unable to find matches for a large number of RA synovial TCR sequences. Further 

annotation efforts in the future that classify TCR sequences against autoantigens will be needed 

to better characterize the range of autoimmune-specific TCR sequences. We note this potential 

caveat here to prevent a potential misunderstanding that almost all RA synovial TCR sequences 

are pathogen-specific. At the same time however, the breadth of positive matches here do 

strongly suggest that at least a portion of RA synovial TCR sequences may respond to pathogen-

derived antigens. Whether this response is due to antigen cross-reactivity arising from antigen 

mimics of autoantigens is an open question.  

FigureS11–TCR repertoire analysis of rheumatoid arthritis patients include annotated epitopes 

from the VDJdb database 

More detailed annotation of the matches to RA synovial TCR sequences and the VDJdb 

database. A) CDR3 sequences matching antigens reported to be displayed on both class I and 

class II MHC complexes can be found in the synovial tissue of RA patients, although the large 
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majority of sequences are from class I due to representation bias in the reference. B) These 

annotated sequences largely reflect a number of pathogens with the nodes colored 

correspondingly. (CMV- cytomegalovirus, InfA- Influenza A, EBV- Epstein-Barr virus, HIV- 

human immunodeficiency virus, YFV- yellow fever virus, DENV- dengue fever virus).  

FigureS12–Exact matches between TCR sequences recovered from RA synovium and annotated 

pathogen antigen-specific sequences 

Beyond the prominent clusters of TCR sequences containing both SARS-CoV-2 antigen-specific 

sequences and RA-synovial tissue sequences shown in Fig1E, we could also observe perfect 

matches in CDR3 amino acid sequence between the two conditions. 

FigureS13–Spike-matched epitopes recovered from RA synovium and are conserved in rare beta 

coronaviruses 

To understand the conservation of the spike epitopes we identified in RA synovium, we 

performed sequence comparisons of the three spike peptides with the highest number of matches 

with spike proteins in other human coronaviruses (including the alphacoronaviruses HCoV-

NL63, HCoV-229E, and betacoronaviruses SARS-CoV, MERS-CoV,  HCoV-HKU1,  HCoV-

OC43) using BLAST. No matches to any alphacoronaviruses were found. However, all three 

peptides showed matches to SARS-CoV, and two showed some similarity to MERS-CoV. These 

results are consistent with our inference that the spike-specific TCRs we uncovered are unlikely 

to originate from antigen encounter, due to the known epidemiology of SARS-CoV and MERS-

CoV. At the same time, while we cannot fully rule out patient encounter with uncharacterized 

circulating coronaviruses being the source, we can observe that the most common circulating 

seasonal coronaviruses are not the source of these antigens.  

FigureS14–TCRseq of PB from RA patients and controls prior to SARS-CoV-2 emergence 

A) Violin plot showing the frequencies of annotated SARS-CoV-2 antigen-specific sequences 

being found in the peripheral blood of healthy controls (n = 20) and RA patients (n = 65) profiled 

using TCRseq by Savola et al. Each sample was downsampled to 10k sequences to enable direct 

comparison. Strict matching criteria (identical CDR3b sequence) was used. B) Distribution of the 

in-sample clonal frequencies for each SARS-CoV-2 antigen specific sequence in HC and RA 

groups. While the majority of the clonotypes were relatively rare (~ 5E-5), a noticeable second 

peak in frequency can be found in RA patients at a frequency of 1E-4, and additional numbers of 

larger clones can also be seen.  

FigureS15–TCRseq of SF from patients prior to SARS-CoV-2 emergence 

A) Shannon diversity of the CD57- samples is significantly higher than in the CD57+ samples. 

This is consistent with our understanding that CD57+ are dominated by effector T cells, while 

the CD57- pool may include more memory cells that have not undergone as dramatic of a clonal 
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expansion. B) Intersection analysis of the 8 TCRseq libraries reveals that a substantial number of 

clones shared across CD57+ and CD57- populations derived from the same individuals. Some 

public sharing across individuals can also be seen.   

FigureS16–Spike-matched TCR sequences are found in TCRseq of SF from patients prior to 

SARS-CoV-2 emergence 

Network visualization as in Fig1J, with nodes color split more finely into TCRseq sample origin 

and pathogen type. Notably, we can observe that several other antigens from SARS-CoV-2 

(white nodes) can also be observed to form specificity clusters besides spike protein. 
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