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Evaluation of B cell related
markers and autoantibodies in
rheumatoid arthritis patients
treated with abatacept

Ting Wang, Natalia V. Giltiay, Christian Lood, Ning Wang
and Bobby Kwanghoon Han*

Division of Rheumatology, University of Washington, Seattle, WA, United States

Objectives: To investigate whether biomarkers related to B cell activation and
autoantibody production are associated with the response to abatacept in
rheumatoid arthritis (RA) patients.

Methods: Twenty-five patients with RA were enrolled in this study. Responders
(n=10) to abatacept were subjects who achieved ACR50 response at week 24.
Serum levels of soluble biomarkers were measured with ProcartaPlex by Luminex
or ELISA. Peripheral blood mononuclear cells were isolated and analysed for T
cell and B cell subsets by flow cytometry. Patients were genotyped for human
leukocyte antigen (HLA)-DRB1 shared epitope (SE) alleles. Baseline levels and
longitudinal changes of markers were assessed between responders
and nonresponders.

Results: Baseline levels of anti-cyclic citrullinated peptide (anti-CCP) antibodies
(p=0.01), IgM rheumatoid factor (RF) (p=0.02), CXC chemokine ligand 13
(CXCL13, p=0.02), sCD23 (p<0.05), as well as frequencies of CD19*CD11c*IgD"
CD27" B cells (p=0.04), were higher in responders than nonresponders. Among
them, anti-CCP and frequencies of CD19*CD11c*IgD"CD27" B cells were
independently associated with response to abatacept. The presence of two
alleles of SE was associated with responders (p=0.04). Patients with 2 alleles of
SE had higher levels of anti-CCP (p=0.02) and IgM RF (p=0.04) compared to
patients with O or 1 allele. Further, IgM RF and CXCL13 levels decreased only in
responders (p=0.02 and 0.004 respectively, at week 24), while anti-CCP levels
did not decrease significantly in either responders or nonresponders.

Conclusion: Markers of B cell activation including anti-CCP and frequencies of
CD19*CD11c*IgD"CD27" B cells in RA were associated with response to
abatacept. IgM RF and CXCL13 decreased only in responders and could be
potentially used as pharmacodynamic markers.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune and inflammatory
disease characterized by the involvement of multiple cells and
cytokines in its pathogenesis. In the RA synovium, various
cellular phenotypes have been identified, including myeloid,
lymphoid, low inflammatory, and fibroid, each with a distinct
gene expression signature (1). Notably, higher levels of T cells
and B cells have been observed in the synovium of anti-CCP
positive RA patients compared to anti-CCP negative patients (2).
Cutting-edge laboratory technologies such as single-cell
transcriptomics and mass cytometry analysis have further
revealed several synovial phenotypes in RA (3).

Multiple advanced therapies targeting a specific pathway in the
pathogenesis of RA have been developed. However, there are no
reliable markers to guide the optimal use of these medications.
Consequently, many patients with moderate to severe RA undergo
“trial and error” process to identify the most suitable treatment
option for their condition. Therefore, there is an unmet need for
effective biomarkers that help assess the efficacy and predict the
response of RA medications.

CXCR5 PD-1" peripheral helper cells (Tph) have been
described in synovium of seropositive RA patients (4), in contrast
to CXCR5" T follicular helper cells (Tfh), which function
predominately in the lymph nodes. One of the primary functions
of both Tth and Tph cells is to promote differentiation of B cells into
antibody-secreting plasma cells.

Abatacept, a fusion protein consisting of the extracellular
domain of human CTLA-4 and a fragment of the Fc domain
IgG1, works by blocking an interaction between CD80/CD86 on
antigen presenting cells and CD28 on T cells. Abatacept has been
reported to be more effective in seropositive RA patients with high
baseline anti-CCP levels (5) and HLA-DRBI risk alleles (6).

It has been shown to suppress Tfh cell maturation and
proliferation in murine models of RA (7). Additionally, abatacept
treatment reduced circulating Tth cells and lowered the expression
of the activation marker ICOS on T cells in patients with primary
Sjogren’s syndrome (8) and multiple sclerosis (9). In RA patients,
abatacept has been shown to reduce serum ACPA and RF levels and
lower the frequencies of post-switch memory B cells
(CD19°CD27'IgD") (10). These results suggest that the inhibition
of activated Tth and Tph cells, leading to attenuated T cell-
dependent B cell activation, may underlie the efficacy of
abatacept. CD19+CD11c+ (IgD'CD27°) double negative 2 B cells
emerged as autoreactive B cells that are activated in extrafollicular
pathways (11) and are increased in patients with rheumatoid
arthritis and other rheumatic diseases (12). In addition to serving
a precursors of antibody secreting cells (ASCs), DN2 CD1lc+ B
cells have been also proposed to present antigens to T cells (13) and
interact with Tth/Tph cells (14). Still little is known about the
potential effects of abatacept on suppressing DN2 B cells in
connection with its direct effects on reducing Tth and Tph cells.

Soluble markers shed from activated T cells and B cells have
been reported to be increased in various inflammatory conditions
including RA (15-17). Additionally, cytokines and chemokines
associated with Tfh and Tph cells such as IL-21 and CXCL13
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were elevated in RA (18, 19). Their levels may reflect activity of
specific cell population and could be useful markers to evaluate RA
inflammation. It is unknown whether these markers improve in
response to abatacept.

The intent of this study is to investigate the pathways leading to
B cell activation and autoantibody production and identify novel
biomarkers that could be helpful in predicting and assessing the
response to abatacept in RA patients who have an inadequate
response to methotrexate and other conventional disease
modifying anti-rheumatic drugs ((cDMARDs).

Materials and methods
Study population

A total of 25 adult patients with RA who were recruited from
the rheumatology clinics at the University of Washington, Seattle,
WA, USA were enrolled between May 2019 and December 2022
(Table 1). All the participants fulfilled the 1987 ACR criteria or 2010
ACR/EULAR criteria for RA (20) and had clinical disease activity
index (CDAI) 216 at screening corresponding to moderate to severe
disease activity. The subjects had an inadequate response to
conventional DMARDs including methotrexate, leflunomide,
hydroxychloroquine, and/or sulfasalazine within the past year and
were biologic-naive except one patient who took etanercept 8
months prior to screening and stopped due to adverse events.

All the subjects received abatacept 125mg subcutaneous
injection weekly for 24 weeks and continued conventional
DMARDs which they were on at screening visit. The subjects had
4 visits (baseline, week 6, week 14, and week 24) and peripheral
blood samples were obtained at each visit. Responders to abatacept
were defined as subjects who achieved ACR50 response at week 24.
The research protocol was approved by the Institutional Review

TABLE 1 Baseline characteristics.

Responders Nonresponders p-
EIS

Age, yrs 51.5 (17.0) 55.0 (23.0) 0.77
Female gender (%) 70 100 0.07
Disease duration, yrs 2.0 (8.0) 7.0 (10.5) 0.11
CDAI 23.8 (10.9) 32.1 (15.1) 0.10
DAS28-CRP 4.7 (0.9) 4.9 (1.6) 0.65
Anti-CCP (%) 90 62 0.18
RF (%) 90 54 0.09
ESR, mm/h 17.5 (10.0) 21.0 (28.0) 0.75
CRP, mg/L 11.1 (14.6) 4.3 (6.1) 0.07
Concomitant 90 85 >0.99
DMARD:s use (%)

Data displayed as median (interquartile range). Differences between responders (n=10) and
nonresponders (n=13) were assessed by the Mann-Whitney test and Chi-squared test. P
values < 0.05 considered significant.
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Board of the University of Washington, and all patients provided
written informed consent for participation in the study.

Flow cytometry

Peripheral blood mononuclear cells (PBMCs) were isolated
with Ficoll-Hypaque (GE Healthcare Life Sciences, Marlborough,
MA) as instructed. After isolation, PBMCs were stored frozen with
Cell Freezing and Preservation Media (STEMCELL Technologies,
Vancouver, Canada) in liquid nitrogen until further use. Vials of
cryopreserved PBMC were thawed at 37°C in a water bath before
immediately being diluted drop-wise into warm RPMI 1640
containing 10% FCS (Fisher Scientific, Waltham, MA). Thawed
PBMCs were stained with combinations of fluorescently labeled
antibodies (Supplementary Table 1) to identify distinct T cell and B
cell subsets (Supplementary Figures 1, 2). All longitudinal samples
from the same subject were run on the same day. Samples from two
to six subjects were run on the same day with the same setting
template. Live cells were identified using the Zombie Fixable
Viability Sampler Kit (BioLegend, San Diego, CA). Ten-parameter
flow cytometry was performed and analysed for changes in different
T cell and B cell subsets at baseline, week 14, and week 24 using a 4-
laser CytoFLEX flow cytometer (Beckman Coulter, Brea, CA). An
average of 300,000 live lymphocytes were collected, and samples
with <50 events for evaluated populations at baseline were excluded
from the longitudinal analysis. All data were analysed using Flow]Jo
software (Tree Star, Ashland, OR).

ELISAs

Freshly isolated serum samples were aliquoted and stored in a
—-80°C freezer until use. Commercial enzyme-linked
immunosorbent assay (ELISA) kits were used for serum
measurements of soluble CD23 according to the manufacturer’s
instructions (R&D Systems, Minneapolis, MN). Anti-CCP ELISA
Assay Kits (Eagle Biosciences, Amherst, NH) were used to
determine the IgG levels of anti-CCP antibodies and Rheumatoid
Factor IgM ELISA kits (Abcam, Cambridge, UK) were applied to
measure serum IgM RF as instructed by the manufacturers. Anti-
CCP and IgM RF were also measured via multiplex and turbimetry
in the clinical laboratory (Table 1) at University of Washington
Medical Center. The upper limit of anti-CCP was 300 U/mL in the
clinical lab.

Luminex immunoassays

The following biomarkers in serum, including soluble CD25,
soluble CD27, soluble CD40L, soluble PD-1, CXCL10, CXCL13, and
IL-21, were measured with ProcartaPlex by Luminex Immunoassays
(Thermo Fisher Scientific, Waltham, MA) at the Histology and
Imaging Core, University of Washington (Seattle, WA) (https://
uwhistologyandimaging.org/histopathology-work-order/).
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HLA-DRB1 genotype

Human leukocyte antigen (HLA)-DRBI1 shared epitope (SE)
genotypes were determined using targeted next-generation
sequencing on frozen PBMCs (LabCorp, Burlington, NC).
Patients were considered SE-positive if they had > 1 of the
following HLA-DRBI1 alleles (6): *01:01, *01:02, *01:05, *04:01,
*04:04, *04:05, *04:08, *04:09, *04:10, *04:13, *04:16; *04:19,
*04:21, *04:35, *04:66, *10:01, *14:02, *14:06, *14:09, *14:13,
*14:17, *14:19, *14:20, and *14:21. Patients were classified as SE2
(2 SE allele), SE1 (1 SE allele), or SEO (no SE alleles).

Statistical analysis

GraphPad Prism 8.0 (GraphPad, San Diego, CA) and SPSS
software were used for statistical analyses. For sample sets with a
non-Gaussian distribution of values, the Mann-Whitney test and
Spearman’s correlation test were used as applicable. Categorical
variables were compared using Chi-squared test or Fisher’s exact
test. Changes before and after treatment were compared using the
Wilcoxon matched-pairs signed rank test. The associations between
baseline variables and response to abatacept were estimated by
Lasso regression analyses. P values less than 0.05 were
considered significant.

Results
Clinical efficacy of abatacept

Twenty-three patients completed the study. One patient
dropped out because of concerns for COVID infection and one
patient dropped out for a reason that was not related to the study.
The baseline characteristics of the patients are summarized in
Table 1. Responders to abatacept were defined as subjects who
achieved ACR50 response at week 24. After 24 weeks of treatment,
10 patients (43%) had ACR50 response. ACR20 response was
achieved in 14 patients (61%) and ACR70 response was achieved
in 3 patients (13%). Seven patients (30%) achieved DAR28-CRP
remission (<2.6). There were no significant differences between
responders and nonresponders though the frequency of females
tended to be higher and anti-CCP and RF positivity tended to be
lower among nonresponders. Consistent with prior work (5) where
abatacept was more effective in seropositive RA patients with high
anti-CCP levels, nine out of ten patients with ACR50 response had
high baseline anti-CCP levels (>300 U/ml) and were double-
positive for both anti-CCP and IgM RF (Table 1). In this study,
10 out of 23 subjects (43%) experienced adverse events. There were
3 upper respiratory infection, 3 headaches, 3 gastrointestinal
symptoms (1 abdominal pain, 1 diarrhea, 1 intestinal infection)
and 1 urinary tract infection. There were no serious adverse events
and no subject discontinued abatacept because of the
adverse events.
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Comparison of baseline markers between
responders and nonresponders
to abatacept

We compared the baseline levels of T cell and B cell related
soluble and cellular markers between responders and
nonresponders to assess whether these markers are associated
with response to abatacept. In patients who achieved ACR 50
response at 24 weeks, baseline levels of anti-CCP, RF, CXCL13,
sCD23 and frequencies of CD11¢"IgD CD27" B cells were elevated
as compared to patients not achieving ACR50 response (Table 2).
The increase in sPD-1 levels among responders did not reach
statistical significance (p=0.06). Baseline IL-21 levels were
elevated only in patients who had ACR20 response (p=0.03, data
not shown). On the other hand, there was a tendency that sCD25
were lower at baseline (p=0.09) in patients who had
ACR50 response.

Immunologic markers associated
with autoantibodies

Our data showed a strong correlation between anti-CCP and
IgM RF levels (r=0.76, p<0.0001). To further identify the pathways
related to autoantibodies in seropositive RA, we investigated
potential links between multiple immunologic markers and anti-
CCP and IgM RF (Table 3). We found that Tth and Tph cell related
markers (CXCL13, IL-21, sPD-1) were associated with anti-CCP or
IgM RF. Of note, most of these markers including sPD-1 correlated
more strongly with IgM RF compared to anti-CCP. Among T cell
subsets, frequencies of CD4+CXCR5+PD-1hi Tth cells and CD4
+CXCR5-PD-1hi Tph cells were associated with both anti-CCP and
Ig RF. Among B cell subsets, frequencies of CD19+IgD-CD27- B
cell and CD19+CD11c+IgD-CD27- B cell were associated with anti-
CCP but not with IgM RF. In Lasso regression, we found levels of
anti-CCP and frequencies of CD19"CD11c¢'IgD'CD27 B cells

TABLE 2 Comparisons of baseline markers between responders and
nonresponders to abatacept.

Markers Responders Nonresponders p-
value

Anti-CCP (U/mL) 48141 (57277) 1645 (9408.5) 0.01
RF IgM (IU/mL) 20099 (21531) 4228 (14951) 0.02
CXCLI13 (pg/mL) 168.3 (186.5) 84.1 (99.8) 0.02
sCD23 (pg/mL) 5084 (5435) 4068 (3071) <0.05
CD19* CD11c'IgD" 3.1(37) 1.8 (1.4) 0.04
CD27%
CD19* CD11c" % 10 (4.2) 6(33) 0.07
sPD-1 (pg/mL) 123.5 (64) 88.3 (47.0) 0.06
sCD25 (pg/mL) 857.2 (1190.8) 2505 (3103) 0.09

Data displayed as median (interquartile range). Differences between responders (n=10) and
nonresponders (n=13) were assessed by the Mann-Whitney test. P values < 0.05
considered significant.
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independently associated with the response to abatacept. Notably,
the frequencies of CD19*CD11c¢"IgD CD27" B cells appeared to be
more strongly associated with the response to abatacept as
compared to anti-CCP, as indicated by their higher coefficient
(Supplementary Table 2).

Shared epitope related to response
to abatacept

Besides immunologic markers, RA patients were also genotyped
for HLA-DR SE alleles and classified as SE2 (= 2 SE allele, n=8), SE1
(1 SE allele, n=11), and SEO (no SE alleles, n=4) (Figure 1A). The
presence of two alleles of shared epitope (SE) was associated with
ACR50 response (p=0.04, Figure 1B) and was not significantly
associated with ACR20 response (p=0.09, data not shown). Patients
with 2 alleles of shared epitope had higher levels of anti-CCP
(p=0.02, Figure 1C) and IgM RF (p=0.04, Figure 1D) when
compared to patients with 1 or no SE allele.

Longitudinal changes in T cell and B cell
related soluble and cellular markers

We assessed the changes of frequencies of different immune cell
phenotypes and levels of soluble markers to determine the effect of
abatacept treatment on these markers. There was a significant
decrease in frequencies of circulating CD4*CXCR5"PD-1" Tth
cells (Figure 2A) and CD4*CXCR5 PD-1" Tph cells (Figure 2B)
at week 14 and week 24. There was also a significant reduction in
other T cell subsets, including CD4"CD25"CD127" regulatory T
(Treg) cells, CD4"CD45RACCR7" central memory T cells, and
CD4"CD45RA'CCR7 " effector memory T cells (Supplementary
Table 3). Furthermore, abatacept decreased ICOS expression on
both Tth cells and Tph cells at week 14 (p<0.0001 and p<0.0001,
respectively) and week 24 (p<0.0001 and p<0.0001, respectively)
(Supplementary Figure 3). Abatacept also decreased frequencies of
circulating CD19"IgD CD27" class-switched memory (SM) B cells,
CD19"CD27"CD38"" plasmablasts/plasma (PL) B cells,
CD19°CD11c" B cells and CD19°CD11c*IgD'CD27" B cells at
week 14 and week 24 (Figures 2C-F; Supplementary Table 4) as
well as CD11c expression on B cells at week 14 and 24 (p=0.01 and
p=0.006 respectively) (Supplementary Figure 4). Serum levels of
sCD23, CXCL13 and RF IgM were significantly decreased at week
14 and week 24 with the treatment of abatacept when compared to
baseline, whiles sCD27, CD40L and IL-21 levels were only
decreased at week 14, sCD25, and sPD-1 were only reduced at
week 24 (Table 4). Changes of anti-CCP levels did not reach
statistical significance (Table 4).

CXCL13 and IgM RF as pharmacodynamic
biomarkers for abatacept treatment

We compared the longitudinal changes in T and B cell related
markers including IgM RF and anti-CCP levels between responders
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TABLE 3 Markers associated with anti-CCP and IgM RF in all RA patients (n=23).

10.3389/fimmu.2025.1504454

Markers r (anti-CCP) p (anti-CCP) r (IgM RF) p (IgM RF)
CXCL13 0.59 0.002 0.66 0.001
sCD27 0.50 0.01 0.52 0.01
IL-21 0.49 0.01 0.66 <0.001
CXCL10 0.50 0.01 0.45 0.03
sPD-1 0.50 0.01 0.83 <0.001
CXCR5'PD-1MCD4" % 0.57 0.004 0.44 0.04
CXCR5PD-1MCD4* % 0.58 0.004 0.42 <0.05
IgD CD27° CD19" % 0.51 0.014 0.30 0.17
CDllc*IgD'CD27'CD19+ % 0.42 <0.05 0.27 0.23
CD19" IgD'CD27 % 0.51 0.01 0.30 ns
CD19" CD11c"IgD"CD27 % 0.42 0.05 0.27 ns

Correlations of markers with anti-CCP and IgM RF at baseline assessed by Spearman’s correlation test. P values < 0.05 considered significant and ns considered non-significant.
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TABLE 4 Levels of soluble markers before and after treatment with
abatacept in all RA patients (n=23).

Markers
sCD23 (pg/mL)

sCD25 (pg/mL)

sCD27 (pg/mL)

sCD40L (pg/mL)
CXCL13 (pg/mL)
IL-21 (pg/mL)
sPD-1 (pg/mL)

RF IgM (IU/mL)

Anti-CCP
(U/mL)

Baseline
4244 (3205)

1368 (2845.6)

177 (342.79)

18.17 (22.329)
119.1 (188.06)
39.06 (125.8)
95.21 (64.05)

15894
(16520)

10799
(53629)

Week 14
3733 (3124) o+

909.7
(1626.15) *+**

135.7 (198.11) **

19.18 (17.18) **
85.27 (83) ***
12.48 (54.47) **
83.46 (31.94) *+

13278 (18237) **

10624 (50937.4)

Week 24
4009 (2603) **

723.3 (1652.3) **

97.08
(185.88) **¥**

15.74 (22.842)
67.91 (57.83) **
0 (45.46)

81.03 (34.5) *

12122 (19298) *

9381 (44051.6)

Data are displayed as median (interquartile range). Differences between baseline and post-
treatment (week 14 and week 24) were assessed by the Wilcoxon matched-pairs signed rank
test. ***p<0.0001, **p<0.001, **p<0.01 and *p<0.05.
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and nonresponders. There were differences in longitudinal
alterations in CXCL 13 (Figure 3A) and IgM RF (Figure 3B)
levels between responders and nonresponders. CXCL13 and IgM
RF levels decreased only in responders who achieved either ACR50
response (p=0.004 and p=0.02, respectively, at week 24) or ACR20
(p=0.03 and p=0.006, respectively, at week 24, data not shown).
Frequencies of CD19"CD11c'IgD"CD27 B cells only decreased in
responders at week 14 (p=0.02) but not at week 24 (Figure 3C). On
the other hand, sCD23 (Figure 3D) were reduced significantly in
both responders and nonresponders, while anti-CCP levels
(Figure 3E) did not decrease significantly in either responders
or nonresponders.

Discussion

In this study, we have reported several immune markers which
are associated with the response to abatacept in RA patients.
Though majority of patients had some response with abatacept,
we chose the ACR50 response at week 24 as the responder criteria to
identify the markers that are associated with a major improvement
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24) were determined by the Wilcoxon matched-pairs signed rank test. P values < 0.05 were considered significant. **p<0.01, *p<0.05, ***p<0.001 and ns

considered non-significant.

in disease activity from abatacept therapy. Consistent with previous
studies (5, 6), abatacept was more effective in seropositive
rheumatoid arthritis (RA) patients with positive anti-CCP and RF.

There have been new approaches to try to predict the response
to biologic agents based on synovial biopsy phenotype in RA (1, 21).
However synovial biopsy is not available nor standardized in most
of rheumatology clinics currently and peripheral blood markers
would be preferred by many clinicians, not least due to blood
sampling being less invasive. In this study, T and B lymphocyte
related markers including CXCL13, IL-21, sPD-1 and sCD23 were
significantly decreased with the treatment of abatacept. CXCL13,
IL-21 and PD-1 are expressed by T follicular helper (Tth) cells and
T peripheral helper (Tph) cells infiltrated in RA synovium (3) which
play crucial roles in stimulating B cell activation and
autoantibody production.

Similar to our findings, levels of CXCL13 and sPD-1 levels have
been shown to correlate with RF titers in RA patients (19, 22).
CXCLI3 is involved in recruiting CXCR5+ B cells to synovium in
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RA and was associated with disease activity (23), ultrasonographic
synovitis (15) and long-term radiographic progression (24).
CXCL13 is mainly secreted by follicular dendritic cells and Tth
cells (25) and abatacept decreases its levels by suppressing
activation of these two cells through interrupting the interaction
between CD80/86 and CD28. Additionally, high CXCL13 levels
were observed in RA patients with the lymphoid phenotype in
synovium (1). These patients responded better to abatacept as
shown in our study. Thus, though validation is required,
CXCL13, reflecting T- and B-lymphocyte-driven synovial
inflammation, may be a novel blood-based marker of treatment
response to abatacept.

Our data showed that baseline frequencies of CD19"CD11c"
IgD'CD27 B cells were higher in responders to abatacept. These
cells are commonly referred to as double-negative (DN) 2 B cells
(11) and have been identified in contexts of infection (26) and
autoimmune diseases (27), where they are often termed atypical
memory B cells or age-associated B cells (ABCs), as characterized by
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the expression of the T-box transcription factor (T-bet) (28, 29). It’s
been revealed that CD11cMCD27'°"T-bet™ B cells are primed to
differentiate into plasma cells and produce autoantibodies targeting
RNA-associated antigens such as Sm and SmD in SLE (30). In RA,
DN2 B cells are major precursors to synovial antibody-secreting
cells (31). To our knowledge, this is the first study to show an
association between CD19"CD11c¢'IgD CD27" B cells and response
to abatacept in RA. Additionally, we found that CD11c levels on B
cells decreased with abatacept treatment. Tfh cells have been
reported as a major source of IL-21 in various inflammatory and
autoimmune diseases (32-34). In alignment with these findings, our
data also showed that abatacept treatment significantly reduced
serum IL-21 levels in RA patients. It’s been reported that IL-21 can
drive the expansion of CD11c"T-bet” B cells (DN2) and promote
their differentiation into Ig-producing autoreactive plasma cells (30)
and that IL-21 and interferon-y (IFNY)-coexpressing PD-
CXCR5HLA-DR" Tph cells skewed B cell differentiation toward
aCD21°" CD11¢* phenotype in vitro (35). Based on these findings,
we hypothesized that CD28 blockade by abatacept disrupts the
development and maintenance of the Tth and Tph cells, thereby

1high

suppressing DN2 B cell expansion through decreased IL-
21 production.

The percentage of B cells expressing CD23, the low-affinity
receptor for the Fc portion of IgE, and serum levels of soluble CD23
(sCD23) were increased in patients with RA (16). Soluble CD23 is
cleaved from naive B cells when these cells are matured to memory
B cells and the levels of sCD23 decreased with B cell depletion
therapy, rituximab, in RA patients (36). We have shown abatacept
was more effective in RA patients with a higher sCD23 levels which
reflected B cell activation and differentiation. Our findings are thus
consistent with the known mechanism of action of abatacept,
inhibiting Tth and Tph cell activation that leads to suppression of
B cell differentiation.

On the other hand, soluble CD25 (sCD25) levels were
numerically higher in nonresponders. Soluble CD25 is a high-
affinity soluble IL-2 receptor and can form a complex with IL-2.
This cytokine-receptor complex can potentially activate various cells
including CD4 and CDS8 effector T cells and NK cells through “trans
presentation” of IL-2 to the cells (17). We found that sCD25 levels
were lower in RA patients with 2 alleles of shared epitope (data not
shown). Based on those observations, sCD25 may be associated with
a distinct pathway of immune cell activation for seronegative RA that
is not responsive to B cell modulation by abatacept.

Furthermore, RA patients with two shared epitope (SE) alleles
had a higher probability to achieve ACR50 response from abatacept
therapy and there seemed a close relationship between presence of
shared epitopes and anti-CCP levels. Though a previous study
showed abatacept resulted in higher efficacy responses versus
adalimumab after 24 weeks in SE-positive patients (6), this is the
first study to demonstrate two SE alleles being associated with
treatment response to abatacept. This genetic marker will add
additional information in evaluating RA if used along with anti-
CCP levels as the latter may change with treatment.

Lastly, we found CXCL13 and IgM RF levels decreased with
treatment only in responders to abatacept whereas anti-CCP levels
did not decrease in either responders or nonresponders. Abatacept
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would inhibit production of autoantibodies including RF by
suppressing Tth and Tph cells. Given that we measure IgM
isotype of RF which are secreted by newly activated B cells, IgM
RF levels would be more preferably decreased by abatacept
compared to IgG autoantibodies. Our results were consistent with
the report that rheumatoid factor levels correlated with disease
activity better than anti-CCP in RA patients (37). We plan to
conduct an additional analysis of RA clinical trial data to determine
if these markers could be used to monitor the response to abatacept.

The limitations of this study include subject number and study
population. First and foremost, our study had a small number of
subjects recruited from a single center and our results should be
validated in a larger RA cohort. It would be useful to assess these
markers in a specific RA population including early-onset RA or
anti-CCP high RA patients. Additionally, our study population was
primarily patients who had an inadequate response to DMARDs
and biologic-naive. It would be interesting to evaluate if these
markers are also associated with the response to abatacept in
patients who had inadequate response to biologic agents
including TNF inhibitors. The exact function of DN2 B cells in
RA, their interaction with T cells, and their BCR repertoire, are
beyond the scope of this current study. However, there is a
significant interest in this B cell subset in RA which should be
further evaluated in the future studies.

In conclusion, we have shown the markers of B cell activation
including frequencies of CD19"CD11¢'IgD'CD27 B cells in RA
were associated with favorable response to abatacept. Further, RA
patients with two copies of shared epitope had a higher probability
to achieve ACR 50 response. Though multiple markers related to
immune cell activation decreased with abatacept therapy, CXCL13
and IgM RF decreased only in responders and could be potentially
used as pharmacodynamic markers for abatacept in RA treatment.
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