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Abstract
Background To identify the predictive biomarkers for achieving remission with abatacept in patients with
seropositive rheumatoid arthritis (RA).

Methods We enrolled patients with RA who were treated with abatacept. We compared the baseline
laboratory results and longitudinal immune-phenotyping data between patients who achieved remission
and those who did not achieve remission at 6 months according to the clinical disease activity index.

Results One hundred and twenty RA patients were enrolled. In the seropositive patients with early RA, high
serum IgA levels, anti-CCP titers and neutrophil counts before treatment were predictors of remission
(area under the curve [AUC], 0.659, 0.741, and 0.704, respectively). Additionally, activated Th17 (aTh17)
cells and activated Treg (aTreg) cells before treatment were found to be signi�cantly higher in patients
with remission compared to those without remission (2.9% vs 1.1%, P = 0.02; 34.3% vs 17%, P = 0.03,
respectively). The measurement of longitudinal cell subpopulation revealed a decrease in the effector
CD4 T cell population after abatacept treatment, which correlated with anti-CCP titers and neutrophil
counts, and was associated with remission achievement. In seropositive patients with established RA,
high RF titers and low IFN-γ levels may be possible biomarkers for remission.

Conclusion Our study has shown that serum IgA levels, anti-CCP titer and neutrophil counts are predictive
biomarkers for evaluating the response to abatacept in patients with seropositive and early RA, and may
re�ect the inhibition of effector CD4 T cell subpopulations by abatacept.

Background
The advent of disease-modifying anti-rheumatic drugs has brought about a dramatic paradigm shift in
the management of rheumatoid arthritis (RA). Currently, the goal for RA treatment is to achieve clinical
remission, which has been facilitated by the development of various types of biological agents.

Abatacept is an effective biological agent with a unique mechanism of action on the immune cells [1].
For complete activation, T lymphocytes, the essential immune cells involved in the pathogenesis of RA
[2], require co-stimulatory signals from antigen-presenting cells via the interaction of CD28 on T cells with
CD80/86 on antigen-presenting cells. Abatacept is a soluble fusion protein consisting of an extracellular
domain from the human cytotoxic T-lymphocyte-associated antigen 4 (CTLA4) and a modi�ed Fc portion
from the human immunoglobulin (Ig) G1 [1], which interferes with T cell activation by competing against
CD28 via the CTLA4 domain [3]. Many trials have shown the e�cacy of abatacept in RA, especially in
patients with seropositivity and shorter disease duration [4–7]. However, some patients with seropositive
RA do not respond to abatacept, which poses a challenge in the prediction of the effectiveness of
abatacept treatment.

The aim of this study was to identify predictive biomarkers for the achievement of remission with
abatacept in patients with seropositive RA.
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Methods

Patients
We enrolled patients diagnosed with RA based on the 2010 ACR/EULAR criteria who had undergone
abatacept treatment from the year 2010 to the year 2018 in the Keio University Hospital [8]. Written
informed consent was obtained from all the patients in accordance with the Declaration of Helsinki
protocol. This study was approved by the ethics committee of our institution (the Ethics Committee of
Keio University School of Medicine; 2009173).

Data collection and de�nition
The following laboratory parameters were collected from the patients’ charts during initiation of the
abatacept treatment and at 6 months post-treatment: tender joint count (TJC), swollen joint count (SJC),
Health Assessment Questionnaire Disability Index (HAQ-DI), patient global assessment (PGA) using a
visual analogue scale (VAS), evaluator global assessment using VAS (EGA), C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), matrix metalloproteinase-3 (MMP-3), RF, IgG, IgA, IgM, counts of
white blood cells (WBCs) and neutrophils, and the doses of methotrexate and prednisolone administered
to the patients.

Seropositivity was de�ned according to the status of rheumatoid factor (RF) and anti-citrullinated peptide
(CCP) as follows: seropositive RA, positive for RF and/or anti-CCP; seronegative RA, negative for both.
Further, we divided seropositive patients into two groups according to the stage of RA; early RA was
de�ned as a stage wherein patients, less than two years from the diagnosis of RA, presented with less
than three erosions visible in the X-ray reports of the hands and feet of the patient; the patients were
otherwise classi�ed and de�ned as established RA [9]. Disease activity was calculated according to the
clinical disease activity score (CDAI), and remission was de�ned as a CDAI < 2.8 [10].

Flow cytometry analysis
Flow cytometry analysis was performed prospectively using samples from a part of patients at treatment
initiation and 6 months post-treatment. Peripheral blood mononuclear cells were separated using density
gradient centrifugation with the Ficoll-Paque Plus (GE Healthcare, Uppsala, Sweden) and cryopreserved in
the CELLBANKER 1 (Nippon Zenyaku Kogyo, Fukushima, Japan). The antibodies used for staining
peripheral blood mononuclear cells were as follows; anti-CD4-VioGreen (Miltenyi Biotec, Bergisch
Gladbach, Germany); anti-CD3-Paci�c Blue/�uorescein isothiocyanate (FITC), anti-CD8-Paci�c Blue, anti-
CD14-(APC)-Cy7, anti-CD20 allophycocyanin-cyanine 7 (APC-Cy7), anti-CD25 phycoerythrin (PE)-Cy5, anti-
CD27-PE-Cy7, anti-CD38-PE-Cy5, anti-CD45RO-PE-Cy7, anti-CD56-PE/PE-Cy7, anti-CD80-FITC, anti-CD86-
PE-Cy5, anti-CD127-FITC, anti-CD161-APC and anti-chemokine (C-X-C motif) receptor 3 (CXCR3)-PE (all
from BD Biosciences, Franklin Lakes, NJ, USA); anti-CD16-Brilliant Violet 510 and anti-CCR6-Brilliant
Violet 421 (both from BioLegend, San Diego, CA, USA); and anti-mouse immunoglobulin G isotype-
matched controls (VioGreen from Miltenyi Biotec, the others from BD Biosciences). The peripheral cell
subsets identi�ed have been described in Supplementary table 1.
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Statistical analysis
We compared the variables between patients with remission and those without remission to screen for
remission-related key features. The means of the continuous variables were compared using the
Student’s t-test, and the proportions were compared using the Fisher's exact test. Correlations were
evaluated using the Spearman’s correlation coe�cients.

While analyzing the peripheral immuno-phenotyping and cytokines, we screened them with emphasis on
the performance to divide the patients into subgroups based on whether remission was achieved or not
using a combination of the Cox regression model-related feature selection and clustering analysis [11]. In
detail, �rst, we applied feature dimension reduction to both the datasets based on the Cox regression
model for obtaining the cumulative proportion of remission achievement and to remove irrelevant cell
subpopulations as well as cytokines. This process enabled us to select remission-related features from
multi-variate datasets. Second, we created subgroups of patients by consensus clustering, which is an
unsupervised subtypes discovery method, using selected features from the immune-phenotyping dataset
and the cytokine dataset, respectively [12]. Third, to aggregate the subgroups of patients according to
each data set, we used similarity network fusion [13]. We checked how well the patients matched with
their identi�ed subgroup compared to other subgroups using a Silhouette width [14]. A high Silhouette
value indicates that the sample is well-matched. Additionally, to visualize the relationships among
selected features and subgroups of patients, we used biplot by applying the principal component
analysis [15]. Thereby, we were able to e�ciently generate subgroups of patients with heterogeneous
characteristics.

To investigate the similarity between different types of biomarkers, we used multi-dimensional scaling
(MDS) [16], a statistical technique involving non-linear dimensionality reduction, to reveal the
relationships or patterns among large numbers of variables by reconstructing similarities between pairs
of these variables in a reduced space.

P < 0.05 was considered as statistically signi�cant. All statistical analyses were performed using the R
software version 3.6.1 (R Foundation for Statistical Computing, Vienna, Austria).

Results
Patient characteristics

In this study, 120 RA patients were enrolled (17 seronegative RA, and 103 seropositive RA, Supplementary
Table 2). The proportion of the achieved remission tended to be lower in the seronegative patients
compared to that in the seropositive patients (17.6% vs 28.2%, respectively) in spite of lower disease
activity before treatment in the seronegative RA patients (disease activity for 28 joints, 3.79 vs 5.1, P <
0.01), indicating that patients with seronegative RA may not respond to abatacept treatment as
compared to the response in patients with seropositive RA.
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To investigate the biomarkers associated with the e�cacy of abatacept treatment other than
seropositivity, we focused on the seropositive RA patients. Based on the de�nition stated in methods,
patients were divided into two groups consisting of 24 early RA patients and 79 established RA patients
(Supplementary Table 3). The patients in the early RA group responded better to abatacept treatment
than those in the established group throughout 6 months of treatment despite high disease activity at the
time of abatacept treatment initiation at the baseline with CDAI at 25.1 and CDAI at 18.3 in the early RA
group and the established RA group, respectively (Figure 1B). The proportion of CDAI remission at 6
months post-treatment was higher in the early RA group than the CDAI proportion in the established RA
group (37.5% and 25.3%, respectively), although the difference was not signi�cant (P = 0.30).

 

Predictive clinical biomarkers for evaluating response to abatacept

We compared the baseline clinical characteristics and laboratory �ndings between patients who achieved
CDAI remission at 6 months and those who did not achieve CDAI remission, separately in the early group
and in the established group (Supplementary Table 4). In the early group, patients with remission tended
(P < 0.15) to show higher serum IgA levels, anti-CCP titer, and counts of white blood cells and neutrophils
than patients without remission (351 mg/dL vs 289 mg/dL, P = 0.12; 304 IU/mL vs 156 IU/mL, P = 0.06;
8555/µL vs 6666/µL, P = 0.08; and 6437/µL vs 4751/µL, P = 0.10, respectively). In the established RA
group, only RF titer was found to be signi�cant (189 IU/L vs 113 IU/L, P = 0.04).

For visualization of association between those clinical biomarkers and patients, we used hierarchical
clustering analysis (Figure 2A). The levels of IgA, neutrophil count, anti-CCP titers and RF titers were
found to be higher in the clusters that contained more patients who achieved remission. IgA levels, anti-
CCP titer and neutrophil count were signi�cantly correlated with the change of CDAI after 6 months with
treatment by abatacept in patients with early RA (R = -0.44, P = 0.03; R = -0.56, P < 0.01; R = -0.41, P =
0.04, respectively), while RF signi�cantly correlated with those with the established RA group (R = -0.35, P
< 0.01) (Figure 2B). Receiver operating curve analysis demonstrated an optimal cut-off value of baseline
serum IgA level, anti-CCP titer and neutrophil count to predict CDAI remission achievement in the early
group as 342 mg/dL with sensitivity of 66.7%, speci�city of 86.7%, and area under the curve (AUC) of
0.659, 330 IU/mL with sensitivity of 44.4%, speci�city of 86.7% and AUC of 0.741, and 6200/µL with
sensitivity of 55.6%, speci�city of 86.7% and AUC of 0.704, respectively (Figure 2C and 2D). RF in the
established group showed a cut-off of 212 IU/mL with sensitivity of 45%, speci�city of 88.1% and AUC of
0.622.

Patients in the early RA group who satis�ed with each cut-off value showed better response to abatacept
treatment (Figure 2E-2G). The higher the number of variables the early patients satis�ed, the better
response they showed to abatacept treatment (Supplementary Figure 1). Although patients in the
established RA group with RF ≥ 212 IU/mL responded well to abatacept treatment shortly after initiation
of the treatment compared to those without the treatment, signi�cance was found to be diminished at 6
months post-treatment (Figure 2H).
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Peripheral immune-phenotyping and cytokine analysis

Immune-phenotyping and cytokine measurement of peripheral blood was conducted prospectively in 33
patients (9 early RA and 24 established RA). The characteristics of patients who were subjected to
immune-phenotyping and cytokine analysis have been summarized in Supplementary Table 5. No major
difference was found between patients with immune-phenotyping and those without immune-
phenotyping except for differences in the lymphocyte counts and a history of use of other biological
agents. In the early RA group, the proportions of the activated Th17 cells (aTh17) and the activated Treg
cells (aTreg) at baseline were found to be signi�cantly higher in patients with remission compared to
those without remission (aTh17/Th17, 2.9 % vs 1.1 %, P = 0.02; aTreg/Treg, 34.3% vs 17%, P = 0.03)
(Table 1 and Figure 3A). Regarding the established RA group, no difference was found between the
patients with remission and those without remission (Table 1).

To validate the importance of aTh17 and aTreg and to identify the patient subgroups in relation to these
phenotypes, we screened the key features using the Cox regression model-related method [10]. Similar to
the comparison between patients with remission and without remission, aTreg and aTh17 were selected
as remission-related features in the early RA group, and three subgroups were identi�ed based on the
proportions of aTreg and aTh17 (group 1, n = 4; group 2, n = 2; group 3, n = 3). We observed that all, one
and none of the patients in the groups 1, 3 and 2 achieved remission, respectively (Figure 3B). Although
the consensus matrix appeared to be varied among the patients of group 1 compared to matrices of other
groups, the Silhouette width values supported the validity of the process of making subgroups using
aTreg and aTh17 as all the patients had positive silhouette width (Figure 3C and 3D). Principal
component analysis using aTreg and aTh17 suggested each subgroup had different characteristics
(Figure 3E). Hierarchical clustering analysis using all parameters showed heterogeneity in the cell
subpopulations and cytokine pro�ling except for aTreg and aTh17 (Figure 3F). When focused on
correlation with change in disease activity, only the proportion of aTh17 showed signi�cant correlation
with CDAI improvement (R = -0.7, P = 0.035) (Figure 3F and 3G).

We performed the same analysis with the longitudinal data from patients at pre-treatment stage to 6
months post-treatment stage in the early RA group. The total CD4 T cells and naïve CD4 T cells (NCD4)
populations signi�cantly increased within 6 months in patients with remission compared to those without
remission (5% vs -6%, P = 0.02; 14.7% vs -10.9%, P = 0.02, respectively), while the population of effector
CD4 T cells (ECD4) and activated Th2 cells (aTh2) signi�cantly decreased in the patients with remission
compared to those without remission (-29.2% vs 11.7%, P = 0.01; -59.1% vs -5.9%, P = 0.03, respectively)
(Table 2).     

During the process of feature selection based on the Cox regression model, the changes in the total CD4
T cells, NCD4, ECD4, aTreg, aTh2 and CD86+ B cells were identi�ed as remission-related features. The
patients were divided into three subgroups, and the patients in group 1 achieved remission earlier than
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those in group 2 (Figure 3H). Notably, the data from all three patients in this group 1 overlapped with the
pre-treatment data of patients in group 1. The consensus matrix, the Silhouette width and the principal
component analysis demonstrated that the three subgroups were clearly distinguishable (Figure 3I, 3J
and 3K). The heat-maps show that the total CD4 T cells, in particular NCD4, increased after treatment in
group 1, and the ECD4 T cells decreased after treatment in groups 1 and 2 (Figure 3L). Regarding the
correlation with disease activity, the changes in the total CD4 cells, NCD4 and NCD8 T cells, CD86+ B
cells, ECD4, and aTh2 correlated with CDAI improvement (R = -0.88, P < 0.01; R = -0.87, P < 0.01; R = -0.7, P
= 0.04; R = -0.72, P = 0.04; R = 0.87, P < 0.01; R = 0.72, P = 0.03, respectively) (Figure 3L). However,
comparison of these parameters among patients with remission and those without remission throughout
the 6 months duration after abatacept treatment initiation, levels of NCD8 and CD86+ B cells �uctuated
and there was no difference at 6 months post-treatment (Figure 3M and Table 2). In accordance with the
cell-surface markers considered for this study, the increase in the levels of NCD4 may re�ect a decrease in
the levels of ECD4.

Although the patients in the established RA group were divided into six subgroups using the pre-treatment
data set and four groups using the longitudinal data set, both the Cox regression models were found to
be insigni�cant (Supplementary Figure 2A and 2F), and the patient subgroups using selected features
were not observed to make clusters in the principal component analysis (Supplementary Figure 2D and
2I). Only lower IFN-γ levels before treatment was associated with better CDAI improvement (Figure 4A and
Supplementary Figure 2E).

In summary, the comparison between remission group and the non-remission group showed that aTh17
levels and aTreg levels before treatment and decrease in the levels of ECD4 and aTh2 may be used as
biomarkers for evaluating the response to abatacept treatment in the early RA group. Using the Cox
regression model-related method, we internally validated their e�cacy to distinguish between the feature
of remission and non-remission, and we found subgroups of patients based on remission-related
features. In the established RA group, only IFN-γ before treatment was associated with response to
abatacept treatment.

 

Association among key features in the early RA group

We investigated association between clinical biomarkers (Figure 2), cell subpopulations, and cytokines by
visually analyzing the similarity between these features using multi-dimensional scaling plots in the early
RA group (Figure 3N). Using pre-treatment data, anti-CCP titer was found to be in the positive MDS1 axis
and in the negative MDS2 axis along with cytokines and functional T cell subpopulations including
aTh17 and aTreg, while IgA levels and neutrophil counts were in a different cluster. MDS plot by
longitudinal datasets also demonstrated that IgA levels were separated from remission-related key cell
subpopulations, suggesting that IgA levels may be an independent biomarker for peripheral cell
subpopulations and for cytokines. Interestingly, neutrophil count was close to the change in the levels of
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NCD4 and on the opposite side of the levels of ECD4, indicating that the change in the NCD4/ECD4 ratio
was associated with the neutrophil count.

 

Correlation between IFN-γ and activated CD56bright NK cells

We had previously reported the association between inadequate response to abatacept treatment with the
population of NK cells and speci�c-CD56 signature genes [17]. As NK cells, particularly the CD56bright

subset, are potent IFN-γ producers, we hypothesized that the concentration of IFN-γ in the established RA
group may be associated with the NK cell population. To con�rm this, we additionally analyzed the NK
cell subpopulations in the patients with established RA (Figure 4). Our analysis found that the IFN-γ levels
signi�cantly correlated with the NKG2D+ CD56bright NK cells, which is the activated CD56bright NK cell
subpopulation (R = 0.43, P = 0.04) (Figure 4B and 4C). In addition, decrease in the NKG2D+ CD56bright NK
cell population after abatacept treatment was found to be signi�cantly larger in patients with remission
compared to those without remission, while no difference was seen in any other NK cell subpopulations
(-10.1% vs -2%, P = 0.03) (Figure 4D).

Discussion
This study identi�ed that high anti-CCP titers, serum IgA levels and neutrophil counts at the time of
abatacept treatment initiation were predictive clinical biomarkers for achievement of remission after
abatacept therapy in patients with seropositive early RA. In the immune-phenotyping analysis, the
proportion of aTh17 and aTreg before abatacept treatment initiation was found to be higher in patients
who achieved remission, and the improvement in disease activity correlated with a decrease in the
effector helper T lymphocytes. Multi-dimensional scaling analysis revealed association pairs among anti-
CCP titers, aTh17 and aTreg, and neutrophils and changes in the ECD4 levels, while IgA was found to be
independent of any association. In contrast, in case of patients with established RA, RF titers showed a
weak performance in predicting the response to abatacept treatment. At the same time, lower levels of
IFN-γ before treatment was associated with better response to abatacept treatment.

Our study indicated that abatacept works by suppressing the development of the effector helper T cells,
and anti-CCP titer is a predictive factor for response to abatacept treatment [1, 6]. In RA-speci�c immune
reaction, it is hypothesized that exposure of mucosal surfaces, such as the lungs and the intestines that
are the main sources of anti-CCP antibodies, Th17 and Treg, to environmental agents triggers the
development of RA [18–20]. Indeed, Th17 cells have been found to be increased in the early stages of RA
concomitant with the disease activity [21], driving chronic destructive in�ammation [22]. Although the
extent to which Th17 contributes to anti-CCP antibody production is unknown, its ability to help the B
cells has been con�rmed in mice models [23, 24]. However, there have been con�icting reports
demonstrating a poor association with peripheral Th17 subpopulation and anti-CCP antibody in early RA
[25]. The possible explanation for this con�ict may be that Th17 proportions measured in the previous
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reports consisted of the memory Th17, and not proportions of the activated Th17. Taking this into
consideration, the magnitude of activation of the Th17 cells may be important for the autoimmune
response. In reality, the multi-dimensional scaling plots in the current study showed that the total
functional T cell subpopulations and their activated populations clustered separately.

The proportion of activated Treg cells was also associated with response to abatacept treatment in early
RA. However, the function of Treg in RA is impaired by in�ammatory cytokines, and the tumor necrosis
factor α-induced Treg dysfunction correlates with pathogenic Th17 and Th1 in the synovium of RA
patients [26]. It has been demonstrated that abatacept treatment improved Treg function in patients with
RA who responded well based on the ACR50 response [27]. Nevertheless, larger cohort studies will be
needed to explore the mechanism of restoration of Treg function by abatacept and its association with
the e�cacy of the treatment.

IgA, which has been found as a predictive marker for evaluating the effectiveness of abatacept treatment
in our study, is a type of immunoglobulin produced from class-switched B cells with the help of helper T
cells, and has a critical function in neutralizing microbial toxins and pathogens on mucosal sites [28].
IgA-related immune response including the IgA-isotype of RF and anti-CCP antibody occurs in individuals
who are at a high risk of RA development and this event precedes the IgM- or IgG-RF and anti-CCP
response with local mucosal in�ammation [29–33]. This lag phase in the immune response may be the
reason for the separate cluster of IgA levels that was formed from the anti-CCP titer and other key
subpopulations in the multi-dimensional scaling plots.

Besides adaptive immunity markers, our study found neutrophils as a possible biomarker in early RA. It is
well-known that neutrophils play a critical role in persistent in�ammation and progression of joint
damage in RA [32]. In addition, neutrophils may contribute to the development of RA through the
formation of neutrophil extracellular traps (NETs), triggering T cell-mediated response and anti-CCP
production in the lungs [34]. Although there have been no reports on the association between increased
neutrophil levels and the therapeutic response to abatacept in RA, this association has been indicated in
other autoimmune diseases such as in systemic lupus erythematosus [35]. Co-stimulatory molecules
including CD80/CD86 co-localize in the NETs, suggesting that the interaction between T cells and
neutrophil may also be a target for abatacept [36]. This is supported by the association between
neutrophils and changes in the NCD4/ECD4 balance observed in the current study.

Interestingly, the useful biomarkers described above were only detected in patients with early RA, not in
established RA. While naïve T cells require co-stimulation from CD80/86 on the dendric cells found in the
lymphoid tissues, the activation of memory T cells, that have been primed previously, has been found to
be less dependent on co-stimulation than their dependency on naïve T cells [37]. Considering the fact that
cumulative exposure to antigens promotes the accumulation of memory T cells, it may be a reason why
abatacept works better in patients with shorter disease duration [7]. In fact, a trial suggested the
possibility that abatacept may alter the progression of RA at a very early stage, although it was not found
to be statistically signi�cant [38]. To con�rm this, a larger randomized trial is in process [39].
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In the established RA group, the patients with higher concentration of IFN-γ before treatment were found
to be resistant to abatacept treatment. In addition, IFN-γ levels signi�cantly correlated with the activated
CD56bright NK cells, whose decrease was found to be substantially larger in patients who achieved
remission compared with those who did not achieve remission. NK cells are considered to be one of the
major players in autoimmune diseases, including RA [40, 41]. The NK cells in the synovial �uid of patients
with progressive active RA are potent producers of cytokines such as IFN-γ [42]. Previously, by using
whole transcriptome analysis, we reported that NK cell-related genes were signi�cant predictors of
inadequate response to abatacept treatment [17]. Calcineurin inhibitors have been reported as possible
inhibitors for NK cells including their cytokine-producing subpopulations [43–45], implying that they may
be attractive drugs for patients that do not respond to abatacept treatment.

Several limitations to our study should be noted. First, the number of patients was small, especially those
with early stage RA. In Japan, there is an empirical tendency to presume that there is a low risk of
developing serious infections with abatacept treatment as compared to treatment with other anti-
rheumatic drugs in elderly patients, who frequently overlap with patients with established RA [46].
Second, immune-phenotyping analysis was not conducted in all the patients, and usage of cryopreserved
PBMCs may decrease the reliability of the methods [47]. Third, more than half of the patients with
immune-phenotyping analysis were treated with concomitant methotrexate, which may skew immune-
phenotyping and cytokine pro�les [2]. Fourth, our analysis did not check other T cell subpopulations,
which are also players in the adaptive immunity and involved in the pathogenesis of RA, such as the the
follicular helper T cells and peripheral T helper cells [48, 49]. Fifth, we used peripheral blood and not
synovium. Although there may be a difference in the biomarkers present in the blood and in the
synovium, we suggest that blood samples are appropriate as the purpose of the study was to screen for
useful biomarkers for evaluating the response to abatacept treatment, and not to explore the mechanism
of action of abatacept. Notably, a decrease in the levels of aTh2 was identi�ed as a remission-related
marker in the early RA group, while the aTh2-response demonstrated inhibitory effects in the synovium of
the RA patients, implying a change in the aTh2 level re�ects the extent of the patients’ responses to
abatacept treatment [50].

Conclusions
Our study showed that serum IgA levels, anti-CCP titer and neutrophil counts were predictive biomarkers
for the response to abatacept in patients with early, seropositive RA. Immune-phenotyping analysis
suggests that these biomarkers except for IgA may be associated with the activated effector helper T cell
subsets, which may be inhibited by abatacept treatment. In the established RA patients, inhibition in the
production of IFN-γ and the number of CD56bright NK cells may be the possible mechanism for clinical
response.

Abbreviations
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aTh1, activated Th1; aTh17, activated Th17; aTh2, activated Th2; aTreg, activated regulatory T cell; CCP,
citrullinated peptide; CDAI, clinical disease activity score; CM, classical monocyte; CMCD4, central
memory CD4 T cell; CMCD8, central memory CD8 T cell; CRP, C-reactive protein; CTLA4, cytotoxic T-
lymphocyte-associated antigen 4; ECD4, effector CD4 T cell; ECD8, effector CD8 T cell; EGA, evaluator
global assessment; EMCD4, effector memory CD4 T cell; EMCD8, effector memory CD8 T cell; ESR,
erythrocyte sedimentation rate; HAQ-DI, Health Assessment Questionnaire Disability Index; Ig,
immunoglobulin; MB, memory B cell; MDS, multi-dimensional scaling; MMP-3, matrix metalloproteinase-3;
MTreg, memory regulatory T cell; NB, naive B cell; NCD4, naive CD4 T cell; NCD8, naive CD8 T cell; NCM,
non-classical monocyte; NETs, neutrophil extracellular traps; NONREM, non-remission; PGA, patient global
assessment; RA, rheumatoid arthritis; REM, remission; RF, rheumatoid factor; SJC, swollen joint count;
TJC, tender joint count; Treg, regulatory T cell. VAS, visual analogue scale; WBCs, white blood cells.
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Table 1. Proportion of cytokines and cell subsets at baseline in patients with remission and

non-remission.
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  CDAI status at 6 months

  Early RA   Established RA  

  NONREM REM   NONREM REM  

n 4 5 p 19 5 p

GM-CSF, pg/mL  0.57 (1.13)  0.06 (0.13) 0.35  1.84 (4.88)   0.58 (1.08) 0.58

IFNγ, IU/mL  0.62 (1.24)  1.80 (2.35) 0.40  6.53 (12.80)   0.88 (0.56) 0.34

TNFα, pg/mL  4.28 (2.20)  5.00 (2.11) 0.64  7.10 (4.94)   6.28 (4.08) 0.74

IL1, pg/mL  0.12 (0.25)  0.16 (0.28) 0.85  0.87 (1.52)   0.28 (0.29) 0.40

IL2, pg/mL  0.40 (0.80)  0.32 (0.46) 0.85  1.76 (4.78)   0.07 (0.16) 0.45

IL6, pg/mL  3.89 (2.70)  3.04 (2.23) 0.62  6.28 (5.94)   2.82 (1.88) 0.22

IL8, pg/mL 20.23

(25.82)

 5.83 (2.54) 0.25 51.04

(155.16)

 14.20 (17.15) 0.61

IL10, pg/mL  1.73 (3.01)  1.71 (1.54) 0.99 42.33

(156.13)

 79.26

(172.46)

0.65

IL12p70, pg/mL  4.97 (9.94)  2.08 (2.58) 0.55 57.31

(216.50)

328.74

(730.91)

0.16

B cells, (%)  3.28 (1.55)  6.60 (2.72) 0.07  4.35 (3.32)  12.46 (18.98) 0.08

CD80(+) B cells,

(%)

12.28

(4.76)

10.60

(4.12)

0.59  9.30 (5.60)   9.58 (3.81) 0.92

CD86(+) B cells,

(%)

39.92

(19.04)

38.90

(11.84)

0.92 40.57

(17.12)

 38.10 (15.52) 0.77

NB, (%) 60.27

(10.44)

62.46

(11.29)

0.77 66.29

(12.43)

 65.98 (14.45) 0.96

CD80(+) NB (%)  2.62 (1.71)  1.68 (0.80) 0.30  1.98 (1.65)   1.95 (1.54) 0.97

CD86(+) NB, (%) 30.10

(24.97)

33.36

(17.02)

0.82 37.12

(18.00)

 35.08 (17.36) 0.82

MB, (%) 39.73

(10.44)

37.54

(11.29)

0.77 33.72

(12.43)

 34.02 (14.45) 0.96

CD80(+) MB, (%) 24.32 19.28 0.31 17.38 (7.60)  18.20 (5.15) 0.82
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(9.22) (4.42)

CD86(+) MB, (%) 44.42

(12.16)

42.82

(11.90)

0.85 46.34

(16.49)

 45.60 (13.78) 0.93

NCM, (%) 22.32

(20.80)

12.90

(6.02)

0.36 18.49

(14.54)

 13.76 (3.55) 0.48

CD80(+) NCM,

(%)

 0.25 (0.19)  0.22 (0.13) 0.79  0.18 (0.18)   0.91 (1.97) 0.11

CD86(+) NCM,

(%)

99.65

(0.26)

98.40

(2.15)

0.29 99.28 (0.73)  98.22 (2.92) 0.15

CM, (%) 77.67

(20.80)

87.10

(6.02)

0.36 81.51

(14.54)

 86.24 (3.55) 0.48

CD80(+) CM, (%)  0.05 (0.06)  0.04 (0.05) 0.80  0.08 (0.07)   0.16 (0.22) 0.20

CD86(+) CM, (%) 99.45

(0.42)

99.42

(0.44)

0.92 99.64 (0.24)  99.58 (0.73) 0.77

CD4 T cells, (%) 48.36

(8.20)

52.36

(5.87)

0.42 50.21

(14.42)

 50.71 (13.81) 0.95

NCD4, (%) 40.55

(14.33)

42.52

(12.62)

0.83 41.15

(15.42)

 46.32 (17.13) 0.52

MCD4, (%) 55.30

(16.42)

64.04

(8.15)

0.33 58.23

(20.05)

 55.70 (11.34) 0.79

CMCD4, (%) 49.77

(5.99)

46.46

(17.14)

0.73 47.66

(18.14)

 55.88 (11.85) 0.35

EMCD4, (%) 50.23

(5.99)

53.54

(17.14)

0.73 52.34

(18.14)

 44.12 (11.85) 0.35

ECD4, (%) 16.57

(23.10)

19.64

(18.34)

0.83 19.04

(14.82)

 11.24 (12.66) 0.29

CD8 T cells, (%) 30.46

(13.35)

22.95

(10.62)

0.38 20.07 (9.57)  19.42 (2.84) 0.88

NCD8 (%)  5.78 (4.33)  5.90 (7.18) 0.98  5.13 (3.93)   6.66 (4.90) 0.47
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MCD8, (%) 41.48

(20.54)

38.72

(7.34)

0.79 34.94

(13.18)

 32.08 (18.46) 0.70

CMCD8, (%) 18.95

(5.82)

16.16

(9.43)

0.62 20.20

(12.99)

 19.30 (7.96) 0.89

EMCD8, (%) 81.05

(5.82)

83.84

(9.43)

0.62 79.80

(12.99)

 80.70 (7.96) 0.89

ECD8, (%) 74.65

(21.79)

70.44

(33.72)

0.84 70.94

(22.96)

 66.64 (20.39) 0.71

Treg, (%)  3.79 (0.67)  4.78 (1.58) 0.28  4.72 (2.45)   3.25 (1.04) 0.21

aTreg, (%) 17.00

(8.60)

34.34

(10.02)

0.03 26.14

(14.24)

 29.50 (18.43) 0.66

MTreg, (%) 82.85

(11.80)

90.36

(3.43)

0.21 85.39 (7.59)  84.54 (12.87) 0.85

Th1, (%) 14.96

(9.17)

19.86

(6.53)

0.38 17.31 (9.16)  18.01 (4.95) 0.87

aTh1, (%)  3.45 (3.71)  5.58 (3.42) 0.40  5.86 (7.17)   4.30 (4.25) 0.65

Th2, (%) 62.15

(14.47)

59.45

(7.18)

0.72 61.30

(14.69)

 64.74 (6.51) 0.62

aTh2, (%)  2.20 (2.18)  3.58 (2.45) 0.41  2.38 (2.18)   1.54 (1.77) 0.44

Th17, (%)  3.99 (1.54)  3.29 (1.74) 0.55  3.27 (2.54)   3.29 (1.82) 0.98

aTh17, (%)  1.12 (0.67)  2.86 (1.04) 0.02  1.69 (1.55)   1.99 (2.20) 0.73

The value is a mean (standard deviation) unless otherwise stated.

aTh1, activated Th1; aTh2, activated Th2; aTh17, activated Th17; aTreg, activated

regulatory T cell; CM, classical monocyte; CMCD4, central memory CD4 T cell; CMCD8,

central memory CD8 T cell; ECD4, effector CD4 T cell; ECD8, effector CD8 T cell; EMCD4,

effector memory CD4 T cell; EMCD8, effector memory CD8 T cell; GM-CSF, granulocyte

macrophage colony-stimulating factor; IFN, interferon; IL, interleukin; MB, memory B cell;

MTreg, memory regulatory T cell; NB, naive B cell; NCD4, naive CD4 T cell; NCD8, naive
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CD8 T cell; NCM, non-classical monocyte; TNF, tumor necrosis factor; Treg, regulatory T

cell.

 

 

Table 2. Comparison of change of the proportion of cell subsets from baseline to 6 months

between remission and non-remission.
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  CDAI status at 6 months

  Early RA   Established RA  

  NONREM REM   NONREM REM  

  4 5 p 19 5 p

ΔTNFα, pg/mL  -0.32 (0.59)   -0.43 (0.90) 0.85  -0.01 (0.39)   0.05

(0.45)

0.78

ΔIL6, pg/mL   0.33 (1.00)   -0.72 (2.30) 0.43  -0.92 (3.60)   0.35

(0.07)

0.45

ΔIL8, pg/mL   0.27 (0.49)   -0.78 (1.22) 0.15  -4.70

(13.29)

 -0.73

(1.43)

0.52

ΔIL10, pg/mL  -0.08 (0.86)    0.49 (0.38) 0.29   0.00 (0.74)   0.24

(1.22)

0.58

ΔB cells, (%) -16.80

(37.52)

 -28.87

(26.22)

0.59   6.14

(124.08)

 -2.03

(57.64)

0.89

ΔCD80(+) B cells,

(%)

 73.07

(78.47)

  63.25

(56.35)

0.83  50.65

(72.37)

  3.75

(50.43)

0.19

ΔCD86(+) B cells,

(%)

-25.54

(10.71)

 -11.04

(10.07)

0.08  -3.12

(24.27)

-12.37

(17.02)

0.44

ΔNB, (%)   6.08

(14.51)

  -5.78

(24.83)

0.43   2.80

(27.71)

 12.78

(16.26)

0.45

ΔCD80(+) NB (%) 219.33

(265.60)

  98.22

(110.79)

0.38 135.07

(169.21)

 13.90

(97.11)

0.14

ΔCD86(+) NB,

(%)

 19.54

(116.25)

 -18.37

(14.54)

0.49   3.04

(29.95)

-10.45

(7.81)

0.34

ΔMB, (%)  -3.63

(19.34)

  21.32

(41.17)

0.31   1.67

(37.24)

-20.32

(30.42)

0.24

ΔCD80(+) MB,

(%)

 43.74

(27.63)

  38.03

(10.27)

0.68  27.88

(52.41)

 42.33

(38.78)

0.57

ΔCD86(+) MB, -15.28 (7.84)  -15.50 0.97 -12.73  -9.24 0.79
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(%) (10.35) (21.42) (41.12)

ΔNCM, (%) -19.35

(50.48)

  41.93

(110.68)

0.34   4.48

(94.96)

-19.94

(29.68)

0.58

ΔCD80(+) NCM,

(%)

 96.67

(76.30)

 250.00

(374.17)

0.45  77.07

(252.98)

-27.04

(43.54)

0.38

ΔCD86(+) NCM,

(%)

  0.13 (0.22)    0.63 (1.10) 0.40   0.36 (0.83)   0.26

(0.61)

0.81

ΔCM, (%)  24.67

(48.10)

  -1.95

(15.86)

0.28   9.48

(29.73)

  3.85

(4.89)

0.68

ΔCD80(+) CM,

(%)

  0.05 (0.06)    0.10 (0.07) 0.29  -0.03 (0.07)  -0.12

(0.18)

0.09

ΔCD86(+) CM,

(%)

  0.33 (0.32)    0.16 (0.55) 0.61  -0.11 (0.56)   0.08

(0.32)

0.48

ΔCD4 T cells, (%)  -6.00 (5.80)    5.03 (4.88) 0.02   1.09

(21.36)

  4.60

(17.05)

0.74

ΔNCD4, (%) -10.92

(13.26)

  14.71

(13.29)

0.02   4.20

(22.52)

  6.95

(27.18)

0.82

ΔMCD4, (%)  -7.98

(16.70)

 -14.47

(10.27)

0.49 -12.63

(14.50)

-14.54

(11.86)

0.79

ΔCMCD4, (%)  -1.70

(11.81)

   6.25 (7.75) 0.26   7.20

(21.44)

  4.22

(13.55)

0.77

ΔEMCD4, (%)   1.72

(10.92)

  -5.96 (6.41) 0.23  -8.02

(16.97)

 -3.45

(21.19)

0.62

ΔECD4, (%)  11.69

(19.25)

 -29.22

(16.88)

0.01 -17.23

(36.65)

  6.11

(57.50)

0.27

ΔCD8 T cells, (%)  -2.19

(11.43)

   0.80

(11.57)

0.71  -4.17

(17.06)

  1.38

(20.11)

0.54

ΔNCD8 (%) -22.78

(15.83)

   7.87

(20.64)

0.05  10.57

(34.87)

 18.87

(30.31)

0.63
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ΔMCD8, (%)  -6.61

(20.14)

 -10.62

(12.03)

0.72   1.49

(34.66)

 -5.48

(17.74)

0.67

ΔCMCD8, (%) -11.34

(21.47)

 -13.20

(15.66)

0.88   4.59

(34.32)

-14.42

(11.86)

0.24

ΔEMCD8, (%)   1.97 (5.42)    3.86 (4.63) 0.59  -2.08 (6.55)   3.84

(4.07)

0.07

ΔECD8, (%)   4.14 (2.98)   -4.77

(14.57)

0.27   3.43

(31.94)

 -7.16

(12.54)

0.48

ΔTreg, (%) -53.98

(19.91)

 -51.38

(19.76)

0.85 -39.88

(31.25)

-40.58

(25.06)

0.96

ΔaTreg, (%) -25.56

(17.12)

 -53.90

(19.57)

0.06 -29.67

(33.07)

-45.41

(28.92)

0.34

ΔMTreg, (%)  -3.31 (8.78)   -7.88 (5.51) 0.37  -1.80 (4.60)  -5.76

(5.12)

0.11

ΔTh1, (%)  16.93

(96.87)

 -11.84

(52.62)

0.59 -14.57

(41.30)

-20.14

(15.87)

0.77

ΔaTh1, (%) -20.86

(85.55)

 -60.26

(23.44)

0.35  -2.50

(175.77)

-17.09

(48.04)

0.86

ΔTh2, (%)   7.45

(12.03)

  14.19

(14.67)

0.48  15.31

(20.16)

  9.77

(8.48)

0.56

ΔaTh2, (%)  -5.88

(37.55)

 -59.08

(18.28)

0.03  -6.09

(71.17)

-17.07

(55.25)

0.75

ΔTh17, (%)  -9.62

(48.36)

 -18.67

(15.96)

0.70 -25.84

(33.13)

-32.43

(24.59)

0.68

ΔaTh17, (%) -68.06

(28.46)

 -70.20

(20.07)

0.90 -38.05

(58.18)

-67.50

(41.31)

0.30

The value is a mean (standard deviation) unless otherwise stated.
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aTh1, activated Th1; aTh2, activated Th2; aTh17, activated Th17; aTreg, activated

regulatory T cell; CM, classical monocyte; CMCD4, central memory CD4 T cell; CMCD8,

central memory CD8 T cell; ECD4, effector CD4 T cell; ECD8, effector CD8 T cell; EMCD4,

effector memory CD4 T cell; EMCD8, effector memory CD8 T cell; IFN, interferon; IL,

interleukin; MB; memory B cell; MTreg, memory regulatory T cell; NB, naive B cell; NCD4,

naive CD4 T cell; NCD8, naive CD8 T cell; NCM, non-classical monocyte; TNF, tumor

necrosis factor; Treg, regulatory T cell.

Supplementary File Information
Supplementary Figure 1. Time course of CDAI improvement. Time course of CDAI improvement according
to the number of variables over than each cut-off value in patients with early RA. P-value by the Student's
t-test : p < 0.05 between patients in group 0 and group 2 (#), 1 and 2 ( ), 0 and 3 ( ) and 1 and 3( ) after
using analysis of variance. Results have been represented as mean ± standard deviation. The cut-off
values for remission, low disease activity, moderate disease activity and high disease activity were as
follows: CDAI ≤2.8, 2.8 < CDAI ≤ 10, 10 < CDAI ≤ 22 and CDAI > 22. CCP, cyclic citrullinated peptide; CDAI,
clinical disease activity score; RA, rheumatoid arthritis.

Supplementary Figure 2. Peripheral immune-phenotyping and cytokines in patients with established RA. A
and F) Cumulative incidence plot for remission achievement according to subgroups of patients derived
from remission-related features derived from the pre-treatment dataset (A) and the longitudinal dataset
(F). The effect of features upon the time to achieve remission was compared by the Cox regression
model.

B and G, Heat-map of the patient similarity matrix by remission-related features derived from pre-
treatment dataset (B) and longitudinal dataset (G).

C and H, the Silhouette width shows whether a patient has been matched to its identi�ed subgroup
compared to other subgroups derived from the pre-treatment dataset (C) and the longitudinal dataset (H).
A high value indicates that the patient has been well- matched. Each horizontal line represents a patient
in the Silhouette plot. The length of the line represents the Silhouette width that the patient had.

D and I, the Principal component analysis by selected key features derived from the pre-treatment dataset
(D) and the longitudinal dataset (I). In biplot, patients have been displayed as points while features are
displayed as vectors.

E and J, Hierarchical clustering analysis by all parameters of the pre-treatment dataset (E) and the
longitudinal dataset (J). Bottom boxplot represents the proportion of CDAI improvement 6 months after
abatacept initiation. Heatmap on the right of main one represents how each parameter correlates with the
proportion of CDAI improvement by depth of color; ‘*’: p < 0.05 by the Spearman’s correlation test.
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aTh1, activated Th1; aTh2, activated Th2; aTh17, activated Th17; aTreg, activated regulatory T cell; CCP,
cyclic citrullinated peptide; CDAI, clinical disease activity score; CM, classical monocyte; CMCD4, central
memory CD4 T cell; CMCD8, central memory CD8 T cell; ECD4, effector CD4 T cell; ECD8, effector CD8 T
cell; EMCD4, effector memory CD4 T cell; EMCD8, effector memory CD8 T cell; MB; memory B cell; MTreg,
memory regulatory T cell; NB, naive B cell; NCD4, naive CD4 T cell; NCD8, naive CD8 T cell; NCM, non-
classical monocyte; NONREM, non-remission; RA, rheumatoid arthritis; REM, remission; Treg, regulatory T
cell.

Figures

Figure 1

Time course of CDAI improvement. A) Enrollment of patients in the current study. B) The proportion of
CDAI improvement. The difference in CDAI improvement between patients with early and established RA
was compared using the Student's t-test: '**’: p < 0.01, ‘*’: p < 0.05. Results have been represented as
mean ± standard deviation. The disease activity category has been shown according to CDAI. The cut-off
values for remission, low disease activity, moderate disease activity and high disease activity were as
follows: CDAI ≤2.8, 2.8 < CDAI ≤ 10, 10 < CDAI ≤ 22 and CDAI > 22. CDAI, clinical disease activity score;
RA, rheumatoid arthritis.



Page 25/29

Figure 2

Predictive clinical biomarkers for response to abatacept. A) Hierarchical clustering analysis using
laboratory tests. B) Correlation between laboratory tests and improvement of disease activity 6 months
after abatacept treatment initiation. C and D) Receiver operating characteristic curve analysis of serum
IgA level, anti-CCP titer neutrophil count and RF titer for prediction of CDAI remission at 6 months.
Predictive performance has been shown by colored-text and curve; early RA by blue and established RA
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by gold. E-H) Time course of CDAI improvement according to cut-off values of IgA (E), anti-CCP titer (F)
and neutrophil count (G) in patients with early RA, and RF titer in patients with established RA (H). P-value
by the Student's t-test: '**’: p < 0.01, ‘*’: p < 0.05. Results have been represented as mean ± standard
deviation. The cut-off values for remission, low disease activity, moderate disease activity and high
disease activity were as follows: CDAI ≤2.8, 2.8 < CDAI ≤ 10, 10 < CDAI ≤ 22 and CDAI > 22. ACPA, anti-
cyclic citrullinated peptide antibody; AUC, area under the curve; RA, rheumatoid arthritis; RF, rheumatoid
factor.

Figure 3

Peripheral immune-phenotyping and cytokines in patients with early RA. A) Comparison of the activated
Th17 ratio and activated Treg ratio in early RA. P-value by the Student's t-test. B and H) Cumulative
incidence plot for remission achievement according to subgroups of patients derived from pre-treatment
dataset (B) and longitudinal dataset (H). C and I) Heat-map of the patient similarity matrix derived from
pre-treatment dataset (C) and longitudinal dataset (I). D and J) The Silhouette width shows whether a
patient has been matched to its identi�ed subgroup compared to other subgroups derived from pre-
treatment dataset (D) and longitudinal dataset (J). A high value indicates that the patient has been well-
matched. E and K) the Principal component analysis by selected key features derived from pre-treatment
dataset (E) and longitudinal dataset (K). In biplot, patients have been displayed as points while features
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have been displayed as vectors. F and L) Hierarchical clustering analysis of pre-treatment dataset (F) and
longitudinal dataset (L). Bottom boxplot represents the proportion of CDAI improvement 6 months after
abatacept initiation. Heat-map on the right of main one represents how each parameter correlates with
the proportion of CDAI improvement by depth of color; ‘*’: p < 0.05 by the Spearman’s correlation test. G)
Scatter plot of the activated Th17 ratio and CDAI improvement of pre-treatment dataset. M) Longitudinal
change of cell subpopulations. Results have been represented as median ± interquartile range. The
difference of their proportions between patients who achieved remission and others were compared by
the Student’s t-test: ‘*’: p < 0.05. N) Visualization of multidimensional scaling demonstrating clustering of
variables including laboratory tests, cell subpopulations and cytokines of pre-treatment dataset (above)
and longitudinal dataset (below). Proximity between pairs of parameters was calculated using the
Euclidean distances; the smaller proximity, the closer the distance between parameters. aTh1, activated
Th1; aTh2, activated Th2; aTh17, activated Th17; aTreg, activated regulatory T cell; CCP, cyclic
citrullinated peptide; CDAI, clinical disease activity score; CM, classical monocyte; CMCD4, central
memory CD4 T cell; CMCD8, central memory CD8 T cell; ECD4, effector CD4 T cell; ECD8, effector CD8 T
cell; EMCD4, effector memory CD4 T cell; EMCD8, effector memory CD8 T cell; MB; memory B cell; MTreg,
memory regulatory T cell; NB, naive B cell; NCD4, naive CD4 T cell; NCD8, naive CD8 T cell; NCM, non-
classical monocyte; NONREM, non-remission; RA, rheumatoid arthritis; REM, remission; Treg, regulatory T
cell.
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Figure 4

Association among IFN-γ concentration and NK cell subpopulations in patients with established RA. A)
Scatter plot of the concentration of IFN-γ before treatment and the proportion of CDAI improvement. B)
Correlation of IFN-γ concentrations and the proportion of CD56+ or CD56bright NK cell subpopulations.
The number and color represent the Spearman’s correlation coe�cient; ‘**’, p<0.01; ‘*’, p<0.05. C) Scatter
plot of the concentration of IFN-γ and the proportion of NKG2D+ CD56bright NK cell subpopulations
before treatment. D) Longitudinal change of NK cell subpopulations from baseline. Results have been
represented as median ± interquartile range. The difference of their proportions between patients who
achieved remission and others was compared by the Student's t-test: ‘*’: p < 0.05. NK, natural killer cells;
NKG2D, natural killer group 2, member D.

Supplementary Files
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