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Abstract

Objective.—B cells can become activated in germinal center (GC) reactions in secondary 

lymphoid tissue and ectopic GCs in synovium in RA that may be TNF and lymphotoxin (LT) 

dependent. Here we characterized the peripheral B cell compartment longitudinally during anti-

TNF therapy in RA.

Methods.—Participants were randomized in a 2:1 ratio to receive standard dosing regimens of 

etanercept (n=43) or adalimumab (n=20) for 24 weeks. Eligible participants met the 1987 ACR 

criteria for RA, clinically active (DAS28>4.4), and on stable doses of methotrexate. The primary 

mechanistic endpoint was the change in switched memory B cell fraction from baseline to week 

12 in each treatment group.

Results.—B cell subsets remained surprisingly stable over the course of the study regardless of 

treatment group, with no significant change in memory B cells. Blockade of TNF and LT with 
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etanercept compared to TNF blockade alone with adalimumab did not translate into significant 

differences in clinical response. Multiple activated B cell populations including CD21- double 

negative memory and activated naive were higher in RA non-responders (NR) at all time points, 

and CD95+ activated B cells increased with anti-TNF in the NR group. In contrast, transitional B 

cells- a putative regulatory subset- were lower in the NRs.

Conclusions.—Overall, our results support that peripheral blood B cell subsets are remarkably 

stable in RA and not differentially impacted by dual blockade of TNF and LT with etanercept 

or single blockade of TNF with adalimumab. Activated B cells do associate with a less robust 

response.

The trial is registered at ClinicalTrials.gov, number NCT00837434
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INTRODUCTION

Rheumatoid arthritis (RA) is an inflammatory joint disease affecting 1.5 million people in 

the United States and associated with substantial morbidity and mortality (1). Although 

multiple cell types play a role in the pathogenesis of RA, the key participation of B cells 

has long been appreciated since the discovery of rheumatoid factor (RF) and has been 

re-highlighted over the past several years. Thus, RF and anti-cyclic-citrullinated peptide 

(anti-CCP) autoantibodies are well-established indicators of disease and disease severity and 

may precede the onset of disease by many years (2–4). The efficacy of B cell depletion 

therapy further highlights the pathogenic significance of B cells in RA (5–7). B cells may 

provide a critical link between the development of tertiary lymphoid structure within the 

inflamed synovium and the propagation of the autoimmune process. This connection is 

supported by the finding of germinal center (GC)-like structures within the inflamed RA 

synovium and the observation that T cell activation in the RA synovium is dependent on the 

presence of B cells within these active GCs (8, 9).

TNF α is also clearly established as a central player in the pathogenesis of RA. The 

current paradigm regarding the mechanism of action of TNF blockade in RA focuses on 

the pro-inflammatory effects of TNF. Indeed, TNF is a sentinel pro-inflammatory cytokine 

in normal immune responses and pathologically in the RA synovium. Along with IL1 it 

orchestrates many of the pathophysiological abnormalities that characterize RA including 

the local effects of inflammation and the development of joint damage (10). Inhibiting 

TNF interrupts the disease process by blocking the activation of T cells, macrophages, 

and synovial fibroblasts. In addition to TNF, Lymphotoxin alpha (LTα) and beta (LTβ) are 

two related TNF superfamily members that have been shown to be increased in RA serum 

and synovial tissue (11–13). Notably, in mice, LT signaling is particularly critical for the 

development and maintenance of normal spleen and lymph node microarchitecture (14). LT 

signaling has also been associated with lymphoid aggregates in the synovium of RA patient 

(11, 12). Signaling by TNF and LT is required for the development of follicular dendritic 

cells (FDCs), the cells that are responsible for the initiation of secondary lymphoid GC 
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structures (15, 16). Despite the potential for TNF and LT to directly signal through TNFR1 

and TNFR2 expressed on B cells and indirectly impact B cell activation via promotion 

of tissue lymphoid aggregates, the effect of TNF blockade on B cells in RA is not well 

characterized.

We have previously reported in an observational cross-sectional study that RA patients 

on anti-TNF (etanercept) display a paucity of tonsil FDC networks and GC structures 

accompanied by a reduction in peripheral blood memory B cells compared with healthy 

controls and RA patients on methotrexate, suggesting that the combination of TNF and LT 

blockade may disrupt GC reactions at least in part via effects on FDCs (17). Despite these 

findings, the precise in vivo effects of blockade of TNF and LTα signaling pathways on 

human B cells remain unclear as careful longitudinal studies after anti-TNF initiation are 

few (18). Moreover, the potential relationship between B cell changes and the efficacy of 

TNF blockade requires better elucidation. This study of active RA patients on concurrent 

methotrexate was undertaken to evaluate the hypothesis that, due to etanercept’s ability to 

block both TNF and LTα, it would have more profound effects on B cell populations relative 

to adalimumab which only blocks TNF.

METHODS

Study design.

The study was a phase IV, randomized, partially blinded, multi-center trial. Eligible 

participants were randomized in a 2:1 ratio to receive standard dosing regimens of etanercept 

or adalimumab for 24 weeks. Participants were randomized to receive either one injection of 

etanercept 50 mg (or 2 injections of etanercept 25 mg on the same day), SQ every week for 

24 weeks or one injection of adalimumab 40 mg, SQ every other week. The drug was either 

self-administered or administered by a trained designated caregiver and administered at 

approximately the same time of the same day every week for etanercept or every other week 

for adalimumab, in the form of one or two injections (per dosage regimen). Randomization 

was conducted through a web-based system, RhoRAND, and was stratified based on the 

presence or absence of antibodies to RF and/or CCP with a block size of 3. Participants 

met ACR 1987 revised criteria for the classification of RA for at least 3 months, had active 

disease with DAS28>4.4, and were on stable doses of MTX for at least 8 weeks (19). 

Participants were clinically evaluated and blood was drawn for processing at baseline, 12 

weeks, and 24 weeks.

Disease endpoints were evaluated by assessors blinded to the treatment status. The DAS 

response was determined as follows: a decrease in the DAS response of ≥ 1.2 and a DAS ≤ 

3.2 was considered a good responder, a decrease in DAS of < 0.6 or 0.6 to 1.2 with a DAS > 

5.1 was considered a non-responder, and a moderate responder was between the two groups. 

ACR 20, 50, and 70 responder status was also defined (20, 21).

This trial was conducted between July 2009 and January 2014. Participants were recruited 

at the University of Rochester Medical Center (URMC) and other Autoimmunity of 

Excellence (ACE) participating sites (MUSC in Charleston, University of Alabama at 

Birmingham, Feinstein Institute for Medical Research, University of California San 
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Francisco, and University of Chicago). Detailed written informed consent was obtained 

from all participants. Age-matched healthy donors were included from a separate URMC 

protocol in accordance with protocols specifically approved by the respective Human 

Subjects Institutional Review Board (IRB). Full detail of the trial protocol can be found 

in the Supplementary Appendix, available with the full text of this article.

PBMC isolation and Flow Cytometry.

Peripheral blood (PB) samples were collected in heparin tubes and shipped overnight to 

URMC. Peripheral blood mononuclear cells (PBMCs) were then immediately isolated from 

heparinized blood by Ficoll-Hypaque density gradient centrifugation (Pharmacia Biotech, 

Uppsala, Sweden) and frozen in freezing media until analysis. Immunofluorescence staining 

for flow cytometric analysis was performed. We used 2 different core B cell panels of 

12-color/14-parameter flow cytometry with well-validated Standard Operating Procedures 

(SOPs) that incorporate extensive Quality Assessment and Quality Controls as previously 

described (22, 23).

B cells were identified based on CD19 expression, exclusion of CD3, and gating out cell 

aggregates and dead cells. Naïve B cells were distinguished from transitional cells and 

memory B cells by the expression of ABCB1 transporter activity and Mitotracker dye 

extrusion as described (24). CD21 and CD95 were incorporated to evaluate activation status 

(25, 26). B cells in PBMCs were additionally classified by multi-parameter flow cytometry 

along a developmental pathway based on the expression of defined surface markers as 

defined in Supplementary Figure 1. T cell subsets were gated using a separate panel from 

B cells with the focus on CD4 T cells. CD45RA separates T cells into memory (CD45RA-) 

and naïve T cell (CD45RA+). CCR6, CXCR3 and CCR4 are important markers for 

classifying Th1 (CD4+CD45RA-CXCR3+CCR6+), Th2 (CD4+CD45RA-CCR6-CCR4+) 

and Th17 (CD4+CD45RA-CCR4+CCR6+) (25, 26). Circulating T follicular helper cells 

(TFH) were classified as CD4+CD45RA-CXCR5+ICOS+PD1+ (27). In addition, we 

used CD25 and CD127 to identify natural occurring regulatory T cells in blood as 

CD4+CD25+CD127low/- (28).

Cytokine assays and Ki67 expression.

PBMCs were aliquoted into 1 million per 100 μl of RPMI and stimulated with 200 ng/ml 

PMA and 2 μg/ml Ionomycin with the addition of 1 μl/ml Golgi Plug and 0.68μl/ml Golgi 

Stop at 37°C for 4 hours. The PBMCs were surfaced stained for CD19 and followed with 

live dead staining. Cells were fixed and internally stained for TNF, IL-17, IFNγ, IL2, IL6, 

IL-10, CD3, CD4, and Foxp3 (eBioscience). Cells were analyzed on a three-laser 12-color 

LSRII (BD Biosciences).

In a subset of participants where enough cells were available, unstimulated PBMCs were 

surface stained for IgD, IgG, IgA, IgM, CD24, CD21, CD38, CD19, CD20, CD27, CD95, 

CD86, and CD3, followed by live/dead stain, fixation (0.1% Formalin), and antibody against 

Ki-67. Cells were analyzed on a three-laser 12-color LSRII (BD Biosciences).
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Statistical analysis.

The study was powered for the primary analysis to test for a treatment group difference 

in change in the percentage of memory B cells in the peripheral blood at Week 12. 

Assumptions for the sample size calculation were based on data collected from individuals 

treated in Rochester. It was assumed that the change in the mean percentage of peripheral 

memory B cells would differ between the two treatments by between 8% and 12% and 

the within-treatment standard deviation (pooled across arms) would be around 10%. Sixty 

participants, randomized 2:1 with α=0.05, were needed for power between 81% and 95%. 

Participants who withdrew prior to week 12 were to be replaced.

The primary endpoint was the change from day 0 to week 12 in CD27+ switched memory 

B cells expressed as a percent of B cells. Primary mechanistic analyses were conducted on 

the Per-Protocol population (PP), which consists of participants with day 0 and week 12 

assessments, who completed at least 75% of planned injections prior to week 12, and had 

no serious protocol deviations. Missing data were not imputed. An analysis of covariance 

(ANCOVA) model was used for the primary analysis comparing CD27+ switched memory 

B cells between treatment groups at week 12, adjusted for the day 0 value. Because we 

hypothesized that the percentage of CD27+ switched memory would not be impacted by 

adalimumab but would decline after treatment with etanercept, a key secondary analysis 

was to compare slopes for the regression lines describing the relationship between CD27+ 

switched memory B cells at week 12 and day 0 between treatment arms. To test for the 

equivalence of slopes, the day 0-by-treatment interaction term was added to the ANCOVA 

model from the primary analysis. These analyses were repeated for the subset of moderate 

and good DAS responders at week 12.

Secondary analyses to support the primary and secondary objectives were considered 

exploratory and included all randomized participants regardless of treatment group and 

analysis population for whom blood samples were available. p-values are presented without 

adjustment for multiple comparisons. A t-test was performed to test for differences in 

cell subsets between treatment groups, DAS response groups and to compare healthy 

controls to study participants at each visit. Three group comparisons were conducted using 

ordinary one-way ANOVA and Tukey’s multiple comparisons test. Statistical analyses were 

performed using Prism or SAS software.

RESULTS

Participant clinical characteristics and response.

Sixty-three participants were randomized in the trial, 43 to etanercept and 20 to adalimumab. 

There were 49 participants in the per-protocol population. Fourteen randomized participants 

were excluded from the per-protocol population: 8 terminated the study early, 9 received 

less than 75% of the planned injections, 5 reported significant deviations, and 2 participants 

had the week 12 visit more than 1 week from the expected visit date (Figure 1). Some 

participants were excluded from the per-protocol population for more than one criterion. 

Baseline participant characteristics are summarized in Table 1. The treatment groups were 

similar with respect to CCP status and disease activity. Overall, disease activity was high at 
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entry with a mean DAS28 of 5.3, 10 swollen joints, and 13 tender joints, typical of an RA 

cohort clinically failing MTX and starting biologic therapy. As shown in Figure 2 clinical 

responses were high with 90% of etanercept and 89% of adalimumab treated participants 

achieving a good or moderate DAS28 response by 12 weeks and ~45% of participants 

achieving low disease activity (DAS28 ≤ 3.2) by 12 weeks with numbers increasing further 

by 24 weeks. There were 7 DAS28 non-responders at week 12. DAS28 results over time 

were similar between the two treatment arms (Figure 2A). Although the study was not 

designed to test for a difference between treatment arms based on disease activity endpoints, 

responder indexes appeared modestly higher in the adalimumab group at 12 weeks with 

further increases at 24 weeks (Figure 2B).

Memory B cells in the peripheral blood are stable over 24 weeks of anti-TNF treatment.

The primary endpoint, the change in CD27+ switched memory B cells between day 

0 and week 12, was not significantly different between treatment groups (p=0.301) 

(Supplementary Table 1). The slopes describing the relationship between CD27+ switched 

memory B cells at week 12 versus day 0 were also not significantly different between 

treatment groups (p=0.996). Results were analogous for the subset of moderate and good 

DAS responders (p=0.286; data not shown) and also regardless of autoantibody status. As a 

further analysis of the B cell compartment, we examined the other canonical B cell subsets 

revealed by CD27 and IgD expression (Supplementary Figure 1 for gating strategy and 

supplementary Figure 2A) and further refined B cell populations. Overall, B cell subsets did 

not change over the course of the study regardless of treatment arm (Supplementary Table 

1; Figures 3A and B; Supplementary Figure 2B and C) or responder status (Supplementary 

Table 2 and 3; Figure 3C; Supplementary Figure 3D). Non-responders did have higher 

CD27- DN memory (IgD-CD27-) subsets at baseline and week 12 compared to good and 

moderate responders (Figure 3C). Given the putative differences in drug mechanism of 

action, we also analyzed the B cell populations by responder status within each treatment 

arm. Analysis comparing responder status within the adalimumab arm over the course of the 

study did not reveal significant differences in frequency of SM (p=0.876), USM (p=0.318), 

DN (p=0.251) or naïve (p=0.686) B cells. Within the etanercept group, the frequency of DN 

was significantly different between non-responder and responder (higher in NR) (ANOVA 

p=0.0082). In contrast, there was no difference for SM (p=0.952), USM (p=0.913) or naïve 

(p=0.851) within etanercept arm.

We also examined the frequency of plasmablasts (PB) in both treatment groups over time, 

but these did not change significantly regardless of treatment arm (Supplementary Figure 2B 

and C) or responder status (Supplementary Table 3; Supplementary Figure 2D).

Activated B cells are higher in non-responders.

When pre-treatment RA participants were compared to age-matched healthy controls, the 

total naïve (IgD+CD27-) (includes transitional B cells), unswitched memory (IgD+CD27+), 

CD27+ switched memory (IgD-CD27+) (includes plasmablasts), and CD27- DN memory 

(IgD-CD27-) subsets were similar (data not shown). However, notably there were more 

activated B cell populations in RA as revealed by up-regulation of CD95 in both the SM and 

DN memory (Figure 4A; Supplementary Figure 3A-C). The baseline expansion in activated 
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B cell populations persisted after anti-TNF treatment (Figure 4A and B; Supplementary 

Figure 3B). Additionally, activated CD21 negative DN memory B cells were higher at 

baseline and follow-up time points in the non-responder group (Figure 4B). Additionally, we 

observed significant differences in percentage of activated CD21- DN memory within the 

etanercept group (ANOVA, p= 0.0023) but not in the adalimumab group (p=0.116).

We also examined a recently identified population of activated naïve B cells characterized 

as IgD+CD27-MTG+CD38+CD24- (29). Activated naïve B cells were significantly higher 

in the non-responders and remained elevated throughout the course of treatment (Figure 4C) 

but did not change with treatment. The significant differences in percentage of activated 

naïve were also observed when each treatment group was analyzed separately (ANOVA: 

adalimumab (p<0.0001); etanercept (p=0.0003)) (Figure 4D).

Impact of anti-TNF on distinct class-switched memory or recently activated B cell subsets.

The lack of change in global memory B cell populations after anti-TNF treatment was 

surprising but may be explained if the majority of peripheral blood memory B cells are 

a relatively long-lived and stable cell pool. Previous work has demonstrated that there are 

multiple memory B cell subsets originating from distinct GC dependent and independent 

immune pathways that can be distinguished based on class-switch profile (isotype) (30). We 

reasoned that anti-TNF may have a greater impact on certain memory B cell populations, 

depending on immune pathway of origin. From a subset of participants where samples are 

available (n=7 good responders, n=10 moderate responders, no non-responders available) 

we performed additional flow cytometry analysis to address this possibility. However, 

none of the class-switch memory B cells examined (IgM, IgG or IgA) decreased with 

anti-TNF, including the CD27-IgA+ memory B cell fraction, proposed to originate from 

GC independent reactions possibly of mucosal origin (30) (data not shown). Ki67 is 

a proliferation antigen which may mark B cells recently activated in ongoing immune 

reactions. There were interesting differences in Ki67 expression depending on the B cell 

subset examined, with higher proliferation in the memory B cell compartment particularly 

activated memory (CD21-, CD95+, CD86+) (Figure 4E; Supplementary Figure 3D). We also 

examined the expression of Ki67 longitudinally with anti-TNF initiation. Although, there 

were changes in individual patients, overall Ki67 B cells did not change with anti-TNF 

(Supplementary Figure 3E, data not shown for CD95+ and CD86+)

Transitional B cells vary depending on responder status.

We examined changes in transitional B cells. The naïve/transitional subset is composed of 

T1, T2, T3, and mature naïve B cells (31). The frequency of early transitional T1/T2 cells, a 

putative regulatory subset (32, 33), was higher in the RA responder group compared to the 

non-responders (Figure 5). However, transitional B cells did not change over the 24 weeks of 

treatment with anti-TNF regardless of treatment response. In a small number of participants 

(n=8) cytokine production by B cells was examined after short-term stimulation for 4 hours 

but no differences were observed in IL10, TNF, or IFN-g production (data not shown).
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T cell effects of TNF blockade.

We also examined T cell subsets including Th1, Th2, TFH, and T regulatory cells. They did 

not change over the course of the study (data not shown for Th1 and Th2, Supplementary 

Figure 4A and B), though Tregs were noted to be higher in the good and moderate 

responders at week 12 compared to the non-responders (Supplementary Figure 4C).

DISCUSSION

In this study of active RA, we found no difference in the effects of dual blockade of TNF 

and LT with etanercept compared to single blockade of TNF with adalimumab on peripheral 

blood B cell subsets. Surprisingly, peripheral blood B cell subsets remained remarkably 

stable after initiation of anti-TNF treatment. We suggest that once generated the bulk of 

memory B cells may be long-lived and not altered by TNF blockade, whereas ongoing 

generation of memory B cells in lymphoid tissue or ectopic locations may be more amenable 

to interruption. Although most B cell subsets did not change with treatment, we did observe 

differences depending on treatment response, with higher frequency of activated memory 

and activated naïve B cells in non-responders at baseline and follow-up time points. In 

contrast, transitional B cells, a putative regulatory subset, as well as T regulatory cells were 

lower in non-responders. Overall, this suggests an imbalance in the B cell compartment in 

RA that is heterogeneous and predictive of anti-TNF response. However, these results should 

be interpreted with caution as there were few non-responders in the current study.

Our results also suggest that agents which block both TNF and LT are not necessarily more 

efficacious than TNF blockade alone. This is in accord with clinical trial data suggesting 

that TNF blockade is the dominant clinical effect. Thus, a monospecific anti- LT α antibody 

pateleclizumab failed to show efficacy in a head-to-head phase 2 randomized controlled 

study (34).

Our results confirm prior findings that peripheral blood B cells are abnormal in RA. 

However, results in the literature have not been entirely consistent, perhaps because of 

variability in disease phenotypes, duration, activity, and therapy. For example, we have 

previously reported that in contrast to systemic lupus a disease that is characterized by 

profound alterations in peripheral blood B cells, RA patients have similar core peripheral 

blood B cell subsets to healthy controls (based on CD27 and IgD expression). However, RA 

patients had a significant expansion of activated memory B cell populations expressing high 

levels of CD95 and low levels of CD21 in the peripheral blood (23), results recapitulated 

here. In addition, we also observed increased frequency of IgD-CD27- DN memory B cells 

in non-responders compared to responders, a result consistent with data reporting increased 

DN B cells in early and established RA. In contrast to our data, others have described the 

DN expansion restored by anti-TNF therapy (35). Souto-Carneiro and colleagues described 

an increased frequency of post-switch CD27+IgD- peripheral blood memory B cells in 

RA patients with longer disease duration compared to shorter disease duration or normal 

controls (36), results recapitulated in another study (37, 38). They also noted an increase 

in the frequency of pre-switch memory B cells in the peripheral blood of RA patients after 

anti-TNF. These studies differed from ours as the disease duration was significantly longer 

(12–13 years in duration), suggesting that global peripheral blood B cell abnormalities may 
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accumulate over time related to ongoing activation in target tissue. In accord with this 

hypothesis, another study reported an expansion of autoreactive B cell and plasma cell 

clones in the synovium in early RA (<6 months) and established RA (>20 months) that was 

absent from the peripheral blood (39). This suggests that the inflamed synovium forms a 

niche where class switched activated memory B cells and PCs accumulate, in accord with 

our own published data that CD27+ memory B cells dominate in the RA synovium (40).

Although total peripheral blood memory B cells did not decrease with TNF blockade over 

the time course of the study, the majority of peripheral blood memory B cells are likely 

long-lived (30, 41, 42) and may not be altered over a short time of treatment. In a smaller 

subset of subjects, we examined more discrete memory B cell populations including IgA and 

IgG memory and Ki67 expressing cells. Although we did not observe clear changes with 

anti-TNF, future studies with a larger sample size may be more informative. For example, 

CD27-IgA+ memory B cells may be a particularly interesting population to further examine 

as it has been proposed to be generated in T independent mucosal immune reactions (30) 

but may also develop in GC reactions including in ectopic locations (43, 44). Additionally 

highlighting the importance of IgA immune reactions, there are recent reports of IgA 

plasmablast dominance in CCP+ individuals at risk for developing RA (45). We previously 

reported that RA patients on anti-TNF (etanercept: TNF receptor-Ig p75 decoy that binds 

both TNF and LTα) display a paucity of follicular dendritic cell networks and germinal 

center (GC) structures in lymphoid tissue accompanied by a peripheral blood memory B 

cell lymphopenia (17). Treatment with either etanercept or anti-TNF monoclonal antibodies 

(adalimumab or infliximab) has also been associated with a decrease in ectopic lymphoid 

structures in the RA synovium that correlated with good clinical response (46). It is likely 

that global peripheral blood B cells do not adequately reflect the effects of TNF blockade on 

immune reactions in synovium or lymphoid tissue, as suggested by the finding of impaired 

generation of influenza vaccine specific antibody secreting and memory B cells in RA 

patients on anti-TNF (47).

Several candidate markers to predict response to anti-TNF therapy have been investigated, 

including genetic and protein markers, but their predictive power has been poor (48, 49). A 

recent study combined high-throughput RNA sequencing, DNA genotyping, and proteomics 

measurements in 185 RA patients including 59 starting anti-TNF therapy and found 2 

proteins, 2 SNPs and 8 mRNA biomarkers that could be replicated from the literature 

and in combination explained 51% of the variation in DAS response (50). There is also 

interest now in RNA sequencing biomarkers within discrete cell populations as has recently 

been described for neutrophils (51). It has also been suggested that analysis of immune 

cells in target tissue may provide critical additional information (44, 52), as has been 

demonstrated by a myeloid phenotype predicting the most robust response to TNF blockade 

(53). Here we observed several peripheral B cell flow cytometry based biomarkers that 

associate with inadequate response to TNF blockade including CD21 low DN and switched 

memory B cells and activated naïve B cells. The CD21 low B cell population is particularly 

interesting given the recent description of age or autoimmunity associated B cells (ABCs) 

that encompasses this phenotype. This B cell population, dependent on T-bet for generation 

and expressing CD11c, was first reported in aging mice (54); subsequently it was seen 

to be expanded in autoimmune mice and SLE patient peripheral blood and enriched for 
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autoreactive specificities (55). We have also recently reported the presence of ABCs in 

the RA synovium correlating with disease activity (44). Results from the current study 

overall suggest that an activated B cell compartment in RA is associated with inadequate 

response to TNF blockade. However, it is important to note that these biomarkers are 

likely not specific to anti-TNF therapy given that they are also predictive of inadequate 

response to B cell depletion (23). Although there are abnormalities in the RA B cell 

compartment detectable in peripheral blood and associated with response to anti-TNF, we 

suggest that analysis of cells in joint target tissue likely by a multiple-OMICs data approach 

has the greatest potential reveal new biomarkers of treatment response and elucidate disease 

pathogenesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart showing deposition of the study participants
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Figure 2. Clinical response at 12 and 24 weeks.
(A) Mean DAS28 at baseline (Wk0), week 12 (Wk12) and week 24 (Wk24) by treatment 

group included only per-protocol participants, etanercept (n=29 Wk0, n=31 Wk12, n=29 

Wk24), adalimumab (n=17 Wk0, n=18 Wk12, n=18 Wk24). Error bars represent standard 

error of the mean. (B) Clinical responses at 12 weeks (top) and 24 weeks (bottom) by 

treatment group (etanercept: n=31 Wk12, n=26 Wk24; adalimumab n=18 Wk12 and 24). 

GR=good responders, MoR=moderate responders, NR=non-responders. The values on the 

graph represent the mean.
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Figure 3. Core B cell subsets over time.
(A) Scatter plots of frequencies of switched memory (SM), and double negative (DN) of 

total CD19+ B cells over time, n=49. (B) Line plot of SM, and DN frequencies over time 

(mean±SEM) in each treatment group. n=18 adalimumab, n=31 etanercept. (C) Scatter 

plots represent frequencies of SM, and DN over time for non-responders (NR: n=7 Wk0, 

n=7 Wk12, n=6 Wk24), good responders (GR: n=24 Wk0, n=23 Wk12, n=24 Wk24) 

and moderate responders (MoR: n=25 Wk0, n=24 Wk12, n=22 Wk24). Error bars depict 

mean±SEM. All longitudinal comparisons resulted in p-value > 0.05. In 4D, * denote 

p<0.05 for comparison between responder groups at the noted time points. The values on the 

graph represent the mean.
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Figure 4. RA responders have lower frequencies of activated memory B cells and more 
proliferating B cells.
(A) Frequencies of CD95+ SM at baseline (Wk0, n=49), 12 week (Wk12, n=48) and 24 

week (Wk24, n=46) compared to healthy controls (HC, n=14). *p<0.05, **p<0.01. (B) 

Means (±SEM) for % CD21- DN at different time points for good (GR), moderate (MoR) 

and non-responders (NR). *p<0.05. (C) Scatter plots showing frequencies of activated naïve 

B cells in GR: (n=24 Wk0, n=23 Wk12, n=23 Wk24), MoR (n=24 Wk0, n=23 Wk12, 

n=21 Wk24) and NR (n=7 Wk0, n=7 Wk12, n=6 Wk24). Error bars represent Mean+ SEM. 

**p<0.01,*** p<0.001, **** p<0.0001 by Tukey’s multiple comparison test. (D) Line plots 

represent frequencies of activated naïve B cells in etanercept (top) or adalimumab (bottom) 

group. Each line represents GR, MoR or NR over time (etanercept: n=14 GR, n=18 MoR, 

n=5 NR; adalimumab: n=10 GR, n=7 MoR, n=2 NR). The values on the graph represent the 

mean. (E) The plot is a scatter plot of frequencies of Ki67+ in naïve, SM and DN B cell 

from GR (n=7) or MoR (n=10) (no NR B cells available for analysis) at Wk0. Mean± SEM, 

****p<0.0001 as indicated comparisons.
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Figure 5. Frequency of T1/T2 B cells is higher in RA responders at all time points.
(A) Scatter plot showing frequencies of T1/T2 B cells in all participants (n= 56 Wk0, n=54 

Wk12, n=52 Wk24) regardless of treatment over time in comparison to healthy controls 

(HC, n=20). Frequencies of T3 B cells are shown in the right scatter plot comparing HC 

(n=20) to all participants (n= 49 Wk0, n=48 Wk12, n=46 Wk24) over time. (B) Scatter 

plots demonstrate frequencies of T1/T2 B cells time in Good responder (GR: n=24 Wk0, 

n=24 Wk12, n=23 Wk24), moderate responder (MoR: n=24 Wk0, n=23 Wk12, n=21 Wk24) 

and non-responders (NR: n=7 Wk0, n=7 Wk12, n=6 Wk24) and T3 B cells over time in 

Good responder (GR: n=24 Wk0, n=23 Wk12, n=23 Wk24), moderate responder (MoR: 

n=24 Wk0, n=23 Wk12, n=21 Wk24) and non-responders (NR: n=7 Wk0, n=7 Wk12, n=6 

Wk24). Mean±SEM. All comparisons resulted in p-values > 0.05. The values on the graph 

represent the mean.
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Table 1.

Participant baseline clinical characteristics (PP)

Baseline characteristics Etanercept (n=31) Adalimumab (n=18)

Age Mean (SD) 52 (10.0) 52 (13.8)

Gender, Female n (%) 25 (81) 14 (78)

Caucasian n (%) 26 (84) 17 (94)

Disease duration (years) Mean (SD) 4.5 (6.5) 4.4 (5.4)

CCP+, n (%) 19 (61) 10 (56)

RF positive, n (%) 17 (55) 8 (44)

DAS Mean (SD) 5.2 (1.1) 5.4 (0.7)

MTX dose (mg) Mean (SD) 16.8 (4.0) 18.4 (3.5)

Swollen joints (of 28) Mean (SD) 9.5 (5.9) 9.6 (6.0)

Tender joints (of 28) Mean (SD) 12.6 (6.8) 12.9 (7.2)

CRP (mg/L) Mean (SD) 11.0 (25.9) 13.6 (25.0)
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