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Abatacept therapy reduces CD28+CXCR5+ follicular helper-like 
T cells in patients with rheumatoid arthritis 

S. Fukuyo, S. Nakayamada, S. Iwata, S. Kubo, K. Saito, Y. Tanaka 

The First Department of Internal Medicine, University of Occupational and Environmental Health, 
Fukuoka, Japan.

Abstract 
Objective

The characteristics of T cells targeted by abatacept (ABT) in cases of rheumatoid arthritis (RA) are still unknown. 
The goal of the study was to determine the pathogenicity of T cells and the predictors of therapeutic effects of ABT. 

Methods
We analysed the peripheral T cell phenotype of 34 RA patients via flow cytometry. The correlation of the phenotypes 
of CD4+ T cells with clinical disease activity and change in CD4+ T cell subsets at baseline and 24 weeks after ABT 

treatment were evaluated.

Results
RA patients showed an increase in the proportion of CD28- cells among CD4+ cells, which was significantly high in 

patients who had not achieved remission after ABT therapy. The proportions of CD4+CXCR5+ T follicular helper-like 
(Tfh-like) cells increased in RA patients compared to healthy donors. The proportions of Tfh-like cells among CD4+CD28+ 

cells were significantly higher than those among CD4+CD28- cells. The proportion of Tfh-like cells was higher in 
anti-cyclic citrullinated peptide antibody (ACPA)-positive patients. By contrast, the proportions of CD4+CXCR3+ 

T helper 1-like (Th1-like) cells and effector memory phase T cells among CD4+CD28- cells were significantly higher 
than those among CD4+CD28+ cells, and the proportion of these cells did not correlate with disease activity. 

After ABT therapy, the proportion of Tfh-like cells among CD4+CD28+ cells was significantly reduced.

Conclusion
These results imply that CD4+ CD28+ Tfh-like cells could possibly be the targets of ABT. 

Conversely, CD4+ CD28- cells may be a potential predictor of treatment resistance.
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Introduction
Rheumatoid arthritis (RA), which oc-
curs as a result of an immune abnor-
mality associated with the hyperac-
tivation of autoreactive T cells, is a 
systemic inflammatory disease. Acti-
vated CD4+ T helper (Th) cells, which 
are divided into various subsets, play 
an important role in the pathogenesis 
of RA. Th1 and Th2 cells have long 
been known to be associated with the 
pathology of RA (1). Th17 cells are re-
sponsible for inducing and maintaining 
inflammation by producing IL-17 (2, 3) 
and increasing its levels in the synovial 
fluids of RA patients (4, 5). T follicular 
helper (Tfh) cells, which is to promote 
and then maintain the germinal centre 
response, necessary for B cell memory 
and long-lived high affinity plasma cell 
formation, constitute a new subset that 
is garnering attention (6, 7). These cells 
are reported to exist in greater quanti-
ties in the peripheral blood of RA pa-
tients and it is hypothesised that the 
interaction between these CD4+ T cells 
is the underlying basis for the complex 
pathology of RA (8).
Abatacept (ABT) is a fusion protein 
composed of the extracellular domain 
of CTLA-4 and the Fc region of human 
IgG1. ABT exerts a therapeutic effect 
by blocking the co-stimulatory signal 
transmitted via the binding of CD80/
CD86 on APCs and of CD28 on T cells, 
thereby inhibiting T cell activation (9). 
However, in actuality, few reports have 
proven the effects of ABT on human 
T cells. An In vivo study conducted to 
date reported that ABT inhibits Tfh cell 
activation and B cell-mediated anti-
body production in a murine model of 
arthritis (10). We recently reported that 
abatacept treatment reduces the levels 
of phosphorylated Syk in peripheral B 
cells in RA patients (11). While ABT 
exerts a marked effect in RA patients, 
treatment resistance has been noted in 
some cases (12, 13). These findings 
highlight the diversity of RA pathol-
ogy. Therefore, identifying the target 
for ABT therapy may not only yield a 
greater understanding of RA pathology 
but also allow for customised therapy.
The objective of this study was to as-
sess the link between ABT and phe-
notype and phenotypic changes of pe-

ripheral CD4+ T cells in the context of 
disease activity, antibody production, 
and treatment response in RA patients.

Materials and methods 
Patients 
We included RA patients who met 
the American College of Rheumatol-
ogy (ACR)/European League Against 
Rheumatism (EULAR) 2010 diagnosis 
criteria for RA, and received DMARD 
therapy at the University Hospital of 
the University of Occupational and En-
vironmental Health, Japan, from 2012 
to 2014. Patients resistant to treat-
ment included those who had a DAS28 
erythrocyte sedimentation rate (ESR) 
score >3.1 for RA activity, despite 
treatment with adequate doses of anti-
rheumatic drugs (mainly methotrexate) 
for a minimum of 3 months, and those 
who showed no or moderate response, 
according to the European League 
Against Rheumatism (EULAR) im-
provement criteria. This group was se-
lected for treatment with ABT.
Fifteen patients were treated with 10 
mg/kg of ABT at baseline, week 2, and 
every 4 weeks thereafter. Heparinised 
whole blood samples were taken at 
baseline and at week 24 during treat-
ment with ABT. In addition, heparin-
ised whole blood samples were taken 
from healthy volunteers. Detailed de-
mographic and clinical characteristics 
of the RA patients are provided in Table 
1. The mean age of the healthy donors 
differed from that of RA patients (con-
trol: 36.0±7.5, 5 men and 9 females, 
vs. RA: mean 62.2±14.2, 6 men and 28 
females). We assessed clinical disease 
activity using the Simplified Disease 
Activity Index (SDAI) and the disease 
activity score (DAS) based on 28 joints 
and ESR. The Human Ethics Review 
Committee of the university reviewed 
and approved our study, including the 
collection of peripheral blood samples 
from healthy adults and RA patients. 
Each subject provided a signed partici-
pation consent form.

Flow cytometric analysis
After obtaining informed consent, blood 
was withdrawn during routine laborato-
ry screening. Peripheral blood mononu-
clear cells (PBMCs) were isolated from 
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heparinised blood by lymphocyte sepa-
ration medium (LSM) (PAA Laborato-
ries GmbH, Pasching, Austria) density 
gradient centrifugation. PBMCs were 
resuspended in PBS/3% human IgG 
(Baxter International Inc., Vienna, Aus-
tria) in order to block Fc receptors and 
prevent non-specific antibody binding, 
and then incubated for 15 min at 4℃ 
in the dark with combinations of fluo-
rescein isothiocyanate (FITC)-labelled 
antibodies against CXCR5, CXCR3, 
and CCR7 (R&D Systems, Minneapo-
lis, MN, USA), and CD38, phycoeryth-
rin (PE) against CD28, phycoerythrin-
cyanin 7 (PE-Cy7) against CD4, and 
APC-Cy-7 against CD45RA (BD Bio-
science, San Jose, CA, USA). The cells 
were then washed with PBS containing 
1% BSA. Background fluorescence 

was assessed using appropriate isotype- 
and fluorochrome-matched control 
mAbs. We had processed and stained 
in exactly the same procedures in both 
healthy donors and RA patients. After 
staining with the indicated antibodies, 
cells were analysed by flow cytometry 
(FACSCalibur™, BD Bioscience). The 
cells were collected and analysed with 
FlowJo software (Tree Star). Absolute 
cell numbers were calculated from 
whole blood counts obtained via rou-
tine laboratory testing.

Statistical analysis
All values are presented as mean values 
± standard deviation (SD). Proportions 
of lymphocyte subpopulations were 
compared using the Student’s t-test for 
normally distributed values, and the 

Mann-Whitney test for values without 
Gaussian distribution. Relationships 
between the various outcomes were 
examined using Pearson’s correlation 
coefficient, Spearman’s rank correla-
tion tests, and two-sided paired t-test, 
as appropriate. A p-value of less than 
0.05 was considered significant in all 
statistical tests. All statistical analy-
ses were performed using GraphPad 
Prism® (GraphPad Prism 4.0 by Graph 
Pad software Inc.) and JMP (JMP 12.0 
by JMP software Inc.) software.

Results
Contribution of CD28 expression 
on CD4+ T cells in response to 
abatacept therapy
First, we examined the properties of 
T cells in the peripheral blood of RA 

Fig. 1. Contribution of CD28 expression on CD4+ T cells in response to abatacept therapy. 
(A) The proportion of CD28- cells among CD4+ cells in RA patients (n=34) compared with healthy donors (HD) (n=14). The statistical difference was de-
termined by two-sided Student’s t-test. Difference with p<0.05 was considered significant.
(B) (upper) The correlation between CD28 expression levels on CD4+CD28+ cells at baseline and the changes in disease activities assessed by ΔDAS28 
and ΔSDAI at 24 weeks after abatacept (ABT) therapy (n=15). MFI : Mean Fluorescence Intensity. (bottom) The correlation between the proportion of 
CD28- cells among CD4+ cells at baseline and ΔDAS28 or ΔSDAI at 24 weeks after ABT therapy. The Spearman rank correlation was calculated to assess 
the correlation between the data.
(C) (top) The levels of CD28 expression on CD4+CD28+ cells at baseline in RA patients who failed to achieve remission at 24 weeks after ABT therapy 
(DAS28 >2.6, SDAI >3.3) compared with RA patients who achieved remission. (bottom) The proportion of CD28- cells among CD4+ cells at baseline in RA 
patients who failed to achieve remission at 24 weeks after ABT therapy (DAS28 >2.6, SDAI >3.3) compared with RA patients who achieved remission. The 
statistical difference was determined by two-sided Student’s t-test. Difference with p<0.05 was considered significant.
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patients. A significant difference in the 
expression of the co-stimulatory mol-
ecule CD28 was observed between 
RA patients with high disease activity 
(n=34) and healthy controls (n=14). 
The proportion of CD28- cells among 
CD4+ cells was significantly increased 
in the peripheral blood of RA patients 
(p=0.0372) (Fig. 1a). ABT therapy im-
proved disease activity (SDAI/DAS28) 
(Supplementary Fig. 1a). Baseline ex-
pression levels of CD28 on CD4+CD28+ 

cells, and changes in disease activities 
at 24 weeks after ABT therapy, were 
compared in patients with bio-naïve 
RA and high disease activity (n=15). 
A correlation was observed between 
expression levels of CD28 on periph-
eral CD4+CD28+ cells and changes 
in disease activities, as determined 
by ΔDAS28 (p=0.0115) and ΔSDAI 
(p=0.0574). In contrast, the proportion 
of CD28- cells among CD4+ cells did 
not reveal a correlation with ΔDAS28 

or ΔSDAI 24 weeks after ABT therapy 
(Fig. 1b). Furthermore, patients who 
failed to achieve remission at 24 weeks 
after ABT therapy (DAS28 >2.6, SDAI 
>3.3) showed a higher baseline pro-
portion of CD28- cells among CD4+ 
cells than observed in patients who 
achieved remission (DAS28 remission: 
p=0.0143; SDAI remission: p=0.0109) 
(Fig. 1c). No significant difference was 
observed in the levels of CD28 expres-
sion on CD4+CD28+ cells in patients 
who responded to ABT therapy (Fig. 
1c). The baseline DAS28 and SDAI of 
responder group was lower than those 
of non-responder (3.8±1.2 vs. 5.5±1.3, 
13.1±4.6 vs. 23.9±10.4, respectively) 
(Supplementary Table I). This may re-
flect that ABT is more effective in pa-
tients with lower inflammatory mark-
ers such as CRP, as previously reported 
(12). Thus, the expression levels of 
CD28 on CD4+CD28+ cells were as-
sociated with the therapeutic effects of 

ABT. However, RA patients who did 
not respond to ABT characteristically 
possessed CD28- cells among periph-
eral CD4+ cells.

Activated Th1-like and Tfh-like 
cells are increased in the peripheral 
blood of RA patients
Next, as T helper cells are composed 
of various subsets, we analysed the 
subsets of CD4+ T cells in the periph-
eral blood of RA patients. When clas-
sified by helper cell subset among 
CD4+CD45RA- memory T cells (Fig. 
2a), RA patients demonstrated a signif-
icant increase in CD4+CXCR5+ T (Tfh-
like) cells in the peripheral blood com-
pared to healthy controls (p=0.0005) 
(Fig. 2b-c). A tendency towards an 
increased proportion of CD4+CXCR3+ 
T cells (Th1-like) compared to healthy 
controls was also observed (p=0.0752) 
(Fig. 2b-c). Furthermore, when exam-
ining CD38+ cells (which are activation 

Fig. 2. The proportion of Th1-like and Tfh-like cells in the peripheral blood of RA patients. 
(A) Representative expression of CCR7 vs. CD45RA expression on CD4+ cells in RA patients and healthy donors (HD). (B) Representative expression of 
CXCR5 or CXCR3 on CD4+ cells in RA patients and HD. (C) The proportion of CXCR5+ (Tfh-like) or CXCR3+ (Th1-like) cells among CD4+ cells in RA 
patients compared with HD. The statistical difference was determined by two-sided Student’s t-test. Difference with p<0.05 was considered significant.
(D) The correlation between the proportion of CD38+ among CD4+ cells and the proportion of CXCR5+ (Tfh-like) or CXCR3+ (Th1-like) among CD4+ cells. 
Each data point represents an individual subject, and horizontal lines show the median. The Spearman rank correlation was calculated to assess the correla-
tion between the data.
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targets), the percentage of both Tfh-
like cells and Th1-like cells tended to 
correlate with the percentage of CD38+ 
cells among CD4+ cells (Tfh-like cells: 
R=0.1219, p=0.0398; Th1-like cells: 
R=0.1282, p=0.0347) (Fig. 2d), in-
dicating that there was an increase in 
activated Th1-like and Tfh-like cells in 
the peripheral blood of RA patients.

CD4+CD28+CXCR5+ (Tfh-like) 
cells are the possible therapeutic 
targets of ABT
In the differentiation stages classi-
fied as the naïve or memory phase, 
no difference was observed between 
RA patients and healthy controls (a 
representative case is shown in Fig. 
2a).  The proportions of Tfh-like cells, 

CD45RA+CCR7+ naïve and CD45RA-

CCR7+ central memory (Tcm) phase 
T cells among CD4+CD28+ cells were 
significantly higher than those of 
CD4+CD28- cells (p=0.0003, p<0.0001, 
p<0.0001 respectively) (Fig. 3). 
In addition, we analysed the correla-
tion of their respective phenotypes 
with disease activity and autoantibod-

Fig. 4. The correlation between the phenotype of CD4+CD28+ cells and CD4+CD28- cells and the disease activity and antibody production. (A) The 
correlation between the proportion of CXCR3+ (Th1-like) cells in CD4+CD28+ cells and CD4+CD28- cells and CRP and DAS28ESR was assessed. The 
Spearman rank correlation was calculated to assess the correlation between the data. (B) The correlation between the proportion of CXCR5+ (Tfh-like) 
cells in CD4+CD28+ cells and CD4+CD28- cells and positive or negative for RF (normal limit at our hospital; <15 IU/ml) and ACPA (normal limit at our 
hospital; <4.5 IU/ml) was assessed. Each data point represents an individual subject, and horizontal lines show the median. The statistical difference was 
determined by two-sided Student’s t-test. Difference with p<0.05 was considered significant. (C) The change of the proportion of CXCR5+ (Tfh-like) cells 
in CD4+CD28+ cells and CD4+CD28- cells between at baseline and 24 weeks after ABT treatment.

Fig. 3. The phenotypic difference of CD4+CD28+ cells and CD4+CD28- cells. The proportion of CD4+ CXCR3+ (Th1-like), CD4+ CXCR5+ (Tfh-like), 
CD4+ CCR7+ CD45RA+ (naive), CD4+ CCR7+ CD45RA- (Tcm), CD4+ CCR7- CD45RA- (Tem), CD4+ CCR7- CD45RA+ (effector), and CD38+ cells among 
CD4+CD28+ cells or CD4+CD28- cells. Each data point represents an individual subject, and horizontal lines show the median. The statistical difference was 
determined by two-sided Student’s t-test. Difference with p<0.05 was considered significant.
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ies. Among CD4+CD28+ cells, Th1-
like cells tended to correlate with the 
DAS28 (p=0.0663), and a significantly 
higher proportion of Tfh-like cells 
was observed in the ACPA-positive 
group compared to the ACPA-negative 
group (p=0.0452) (Fig. 4a-b). Impor-
tantly, while no change was observed 
in the overall proportion of CD28+ 
cells among CD4+ cells at 24 weeks 
after ABT therapy, the proportion and 
the number of Tfh-like cells among 
CD4+CD28+ cells was significantly 
reduced (Fig. 4c, Table II and Supple-
mentary Fig. 1b). No significant chang-
es were observed in any other type of 
cells (Table II). We also compared the 
percentages of CD28+, CD28-, CXCR5+ 

cells and CD28 MFI with disease activ-
ity at baseline and after therapy (Sup-
plementary Fig. 2). The association 
between expression levels of CD28 on 
CD4+ T cells and SDAI was only de-
tected before ABT therapy but not af-
ter therapy. Therefore, Tfh-like cells 
among CD4+CD28+ cells were consid-
ered to be targets for ABT therapy.

CD4+CD28- cells are associated 
with treatment resistance
The proportions of effector and effec-
tor memory (Tem) cells among the 
CD4+CD28- cells were significantly 
higher than among CD4+CD28+ cells 
(p<0.0001, p=0.0001, respectively) (Fig. 
3). Although not significant, a tendency 

towards a higher proportion of Th1 was 
observed among CD4+CD28- cells (Fig. 
3). However, among CD4+CD28- cells, 
no correlation whatsoever was observed 
between Th1-like and disease activity, 
or between Tfh-like cells and autoanti-
bodies (Fig.  4a-b). At 24 weeks after 
ABT therapy, no change was observed 
in the proportion of CD28- cells among 
CD4+ cells or the proportion of Th1-like 
cells (Table II). Thus, the CD4+CD28- 
cells demonstrated no qualitative im-
provement following ABT therapy, in-
dicating potential involvement in resist-
ance to ABT therapy.

Discussion 
In the present study, we demonstrated 
that the expression pattern of the co-
stimulatory molecule CD28 on CD4+ T 
cells contributes to T cell subset differ-
ences and pathogenicity, as well as to 
the response to ABT therapy. Namely, 
CD4+CD28+ cells are composed of 
Th1-like cells and of Tfh-like cells. 
We found that the expression levels of 
CD28 on CD4+CD28+ T cells correlat-
ed with the ABT-based disease activity 
improvement rate, and that Tfh-like 
cells among CD4+CD28+ cells may 
thus be targeted by ABT.
Th1 cells are known to be increased 
in the synovial fluid and peripheral 
blood of RA patients. Historically, an 
imbalance between Th1 and Th2 cells 
has been considered an important fac-
tor in the pathology of RA (14). How-
ever, after Th17, Treg, and Tfh cells 
were identified, the pathology of RA 
is now considered to be the result of 
a more complex mechanism than pre-
viously proposed (8). Recent clinical 
data-based analyses of peripheral blood 
in RA patients have focused on the im-
portance of Tfh cells (15). Furthermore, 
we recently discovered the plasticity of 
Th1 and Tfh cells in the process of T 
helper cell differentiation and activa-
tion (16). We therefore conducted this 
study with a focus on Th1 cells as the 
classic subset and Tfh cells as the novel 
subset.
Th1 cells produce large quantities of in-
terferon gamma (IFN-γ), activate mac-
rophages and other immune-mediated 
cells, and are involved in the pathol-
ogy of inflammation (17). The induc-

Table I.  Patient baseline demographics and clinical characteristics. 

                                                                 	 n=34         

Sex (M/F)                                                         	   6/28
Age (years)                                                      	 62.2	±	14.2
Disease duration (months)                                          	 138	±	167
Prednisolone dose (mg/day) (% of use )              	 4.3	±	1.0 (9%)
Methotrexate dose (mg/week) (% of use )                 	 13.9	±	3.0 (79%)
Tender joint count (28)                                             	 12.4	±	8.7
Swollen joint count (28)                               	 6.8	±	4.9
CRP (mg/dl)                                                      	 2.0	±	2.3
ESR (mm/hr)                                                    	 38.3	±	30.8
RF (IU/ml) (% of positivity)                                       	 201	±	511 (79%)
Anti-CCP antibody (% of positivity)                                   	  (71%)
MMP-3                                                         	 177	±	138
IgG (mg/dl)                                                 	 1518	±	382
DAS28 (CRP)                                                	 4.9	±	1.3
DAS28 (ESR)                                                   	 5.5	±	1.3
CDAI                                                            	 25.7	±	7.2
SDAI                                                            	 27.1	±	14.2
HAQ                                                             	 1.6	±	0.9

Table II. Changes in the subsets of CD4+ T cell at 24 weeks after ABT therapy. 

		  0w 	 24w 	 p-value 

CD4+ (%)	 CD28+	 96.2	±	2.9 	 94.2	±	7.3 	 0.2290 
	 CD28- 	 3.8	±	2.9 	 5.7	±	7.3 	 0.2345 

Tem (%)	 CD28+	 21.4	±	7.7 	 23.8	±	14.7 	 0.6189 
	 CD28- 	 72.7	±	22.2 	 80.0	±	9.5 	 0.3236 

Tcm (%)	 CD28+	 27.6	±	14.0 	 27.5	±	13.5 	 0.7623 
	 CD28- 	 1.4	±	1.7 	 1.4	±	2.0 	 0.4151 

Effector (%)	 CD28+	 4.9	±	5.5 	 7.6	±	12.1 	 0.6885 
	 CD28- 	 24.2	±	21.8 	 15.4	±	7.9 	 0.2824 

Naïve (%)	 CD28+	 45.3	±	12.4 	 40.1	±	17.1 	 0.6998 
	 CD28- 	 1.8	±	1.9 	 4.5	±	8.5 	 0.2989 

CD4+CXCR3+Th1-like (%)	 CD28+	 21.4	±	13.4 	 27.9	±	12.9 	 0.2646 
	 CD28- 	 25.6	±	29.5 	 30.4	±	24.4 	 0.6510 

CD4+CXCR5+Tfh-like (%)	 CD28+	 6.2	±	6.1 	 3.7	±	4.9 	 0.0322 
	 CD28- 	 2.2	±	2.8 	 2.9	±	6.0 	 0.6875 

CD38+ (%)	 CD28+	 45.0	±	15.7 	 36.4	±	15.3 	 0.2475 
	 CD28- 	 38.2	±	25.3 	 34.1	±	21.8 	 0.9292 
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tion of Th1 cells is strongly linked to 
the upregulation of the chemokine re-
ceptor CXCR3. CXCR3 binds three 
chemokines chemokine (C-X-C motif) 
ligand 9 (CXCL9), CXCL10, CXCL11 
to induce migration of activated T cells. 
CXCR3 and its ligands are an inflam-
matory chemokine system, capable of 
coordinating T cell responses in the 
inflamed periphery. Th1 cell-mediated 
inflammation is characterised by the 
recruitment of IFN-γ producing CD4 T 
cells. T-bet is the master transcription 
factor of Th1 cells. T-bet directly acti-
vates transcription of a set of genes im-
portant for Th1 cell function (18). How-
ever, CXCR3+ T cells may be consist of 
CXCR5+ (Tfh-like) and CXCR5- cells 
(Th1) (19). Since we did not measure 
IFN-γ, T-bet and double-staining of 
CXCR3 and CXCR5, the expression of 
CXCR3 alone may not be sufficient for 
the definition of Th1 cells. Therefore, 
we referred CD4+CXCR3+ T cells as 
“Th1-like” cells. 
Tfh cells are T cells specialised for 
action on B cells. These cells express 
surface markers such as IL-21, the 
transcription factor B cell lymphoma 6 
(Bcl-6), the chemokine (C-X-C motif) 
receptor 5 (CXCR5) and the inducible 
co-stimulator (ICOS) and programmed 
death-1 (PD-1) (6, 20). CXCR5 and 
its ligand CXCL13 are important for 
B cell follicle formation in secondary 
lymphoid organs. Furthermore, expres-
sion of CXCR5 is a feature that T cell 
has been localised to B cell follicles and 
germinal centres in secondary lymphoid 
organs (21). Tfh cells express large 
amounts of Bcl-6, which is necessary 
and sufficient for the development of 
Tfh cells in vivo (22). But, it was previ-
ously reported that CD4+CXCR5+ cells 
expressing Bcl-6 were absent in blood 
(23), alongside lacking other features 
of the central population. The circulat-
ing CD4+CXCR5+CCR7loPD-1hi subset 
was indicative of active Tfh differentia-
tion in lymphoid organs and correlated 
with clinical indices in autoimmune 
diseases. It is suggested that circulat-
ing CXCR5+ helper T cells are primar-
ily generated before germinal centres 
(23). Thus, we referred CD4+CXCR5+ 

“Tfh-like” cells to the circulating pool 
as cells with a Tfh phenotype. 

The migration of Tfh cells to B-cell 
follicles multiplies B cells by produc-
ing IL-4, IL-21, and IFN-γ, and induces 
both class switching and differentia-
tion into antibody production cells and 
memory cells. The functional differen-
tiation of B cells occurs in the germi-
nal centre; however, in an environment 
lacking Tfh cells, the formation of the 
germinal centre is inhibited (24, 25). 
Although Tfh cells are important in an-
tibody reactions in vivo, an excessive 
increase of Tfh cells induces autoim-
mune disorders through the produc-
tion of autoantibodies (26). In fact, we 
demonstrated an association between 
increased Tfh-like cells and ACPA pro-
duction in the peripheral blood of RA 
patients. Recently, we have described 
that levels of the phosphorylation of 
Syk (pSyk) in peripheral blood B cells 
were higher in RA patients compared to 
healthy donors, and patients with high-
er pSyk levels were strongly positive 
for ACPA. Abatacept treatment reduced 
the levels of pSyk and the proportion of 
Tfh cells (11). These data suggest that 
B and T cell interactions as a potential 
target for abatacept therapy for RA. 
Engagement of CD80/86 by abatacept 
inhibited the second signaling for T cell 
activation and induced activation of the 
enzyme indoleamine 2,3-dioxygenase, 
(IDO), in the expression of CD80/86 
cells, which degraded tryptophan and 
promoted apoptosis (27). These data 
suggest that abatacept might affect the 
function of APCs.
In the present study, we demonstrated 
that the expression levels of CD28 
on CD4+CD28+ T cells were corre-
lated with the rate of improvement 
(ΔDAS28ESR/ΔSDAI) following 24 
weeks after ABT therapy. This indicated 
that, in the case of RA, expression levels 
of CD28 on CD4+CD28+ T cells were 
not only important for the activation 
of T cells, but may also be a target for 
ABT therapy. We recently reported that 
abatacept treatment reduces the propor-
tion of circulating Tfh cells in RA pa-
tients (11). Moreover, this study showed 
that a significant reduction in the pro-
portion of Tfh-like cells in CD4+CD28+ 
cells, but not in CD4+CD28- cells, was 
observed following 24 weeks after ABT 
therapy. We further performed extensive 

analysis for markers of therapy response 
i.e. correlation of reduction of Tfh-like 
cells and ABT therapy response. How-
ever, we could not find any associa-
tion. Our preliminary data showed that 
the proportion of CD4+CD28+CXCR5+ 
Tfh-like cells was significantly high in 
ACPA positive patients; however that 
did not correlate with disease activity 
score (Supplementary Fig. 2). As re-
ported previously, ABT significantly 
decreased RF and ACPA levels (28). 
Although we propose that ABT appears 
to preferentially inhibit the differentia-
tion or proliferation of Tfh-like cells in 
CD4+CD28+ cells, further studies need 
to confirm whether ABT targets Tfh 
cells accompanied by a concomitant re-
duction in levels of ACPA. On the other 
hand, CD28-dependent signaling is re-
quired for optimal T follicular helper 
cell maturation and expansion, and its 
inhibition prevents loss of self-tolerance 
in a mouse model (10). Although Tfh 
cells express other surface markers such 
as PD-1 and ICOS, our findings sug-
gested that the expression of CD28 and 
the differentiation stage may be a pre-
dictive factor for directing therapy. Al-
though ABT therapy improved disease 
activity, there might be the possibility 
of type 2 errors regarding the possible 
predictive factors, because the num-
ber of patients in remission after ABT 
therapy was very small (SDAI: 4, DAS: 
5). We may need to increase the number 
of patients to prove the significance of 
our findings in future in-depth studies. 
Despite the limited number of samples, 
it should be noted that ABT therapy de-
creased CD4+CXCR5+ Tfh-like cells.
In this study, we learned that there 
was a significantly higher amount of 
CD4+CD28- cells in patients who failed 
to achieve remission following 24 weeks 
after ABT therapy than in patients who 
did achieve remission. Scarsi et al. have 
previous reported that patients having 
low baseline numbers of CD8+CD28- 
T cells had a more than 4-fold higher 
probability of achieving remission by 
ABT within 6 months than patients 
with higher levels of these cells (29). 
In addition to that, we demonstrated for 
the first time that CD4+CD28- cells as-
sociated with response to ABT therapy. 
On the basis of previous reports, the 
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synovial fluid and peripheral blood of 
RA patients contains an increased pro-
portion of T cells not expressing the 
co-stimulatory molecule CD28 (31, 
32). CD4+CD28- cells infiltrate muscle 
tissue in dermatomyositis patients and 
brain cells in multiple sclerosis patients 
(33, 34). Thus, CD4+CD28- T cells in 
peripheral blood might also reflect the 
pathogenesis of RA, because the expan-
sion of CD4+CD28- T cells in periph-
eral blood positively correlates with the 
presence of extra-articular manifesta-
tions (35). We speculated that the loss 
of CD28 expression could not be affect-
ed by ABT therapy. CD4+CD28- T cells 
are less susceptible to suppression by 
CD4+CD25high regulatory T cells than 
conventional CD4+ T cells (36). 
We further confirmed that CD4+CD28- 
cells were composed of effector 
memory or effector cells, and that no 
change was observed in their propor-
tion at 24 weeks after ABT therapy. 
This indicated that CD4+CD28- cells 
were not associated with disease ac-
tivity or autoantibody production, and 
therefore, they were not targets for 
ABT therapy. CD4+CD28- cells contain 
Tem cells, which lack of CCR7 expres-
sion, and are located in circulating pe-
ripheral tissue or blood (37). Tem cells 
show an immediate effector function 
of maintaining preformed cytotoxic 
granules for rapid cytolysis of infect-
ed host cells (38). They play a patho-
genic role in the immune disorders of 
RA. Costimulatory molecules such as 
CD28-CD80/CD86 and CD40-CD40L 
are essential for T cell activation, and 
lack of costimulatory signaling leads to 
T cell dysfunction (39, 40). Yet, even 
if CD28 is absent on T cells, they are 
not anergic and receive costimulatory 
signals via APCs (41). We and other 
research demonstrated that crosslink-
ing of CD3 and β1 integrin not only 
mediates adhesion, but also provides 
costimulatory signals to T cells (42, 
43). Furthermore, previous studies 
have shown that CD4+CD28- cells are 
resistant to apoptosis after IL-2 depri-
vation and activation which is associ-
ated with the increased expression of 
Bcl-2 (44) and Fas-associated death 
domain-like IL-1-converting enzyme 
inhibitory protein (45). The functional 

role of CD4+CD28- cells is still a topic 
for future research.
This study has a number of limitations. 
First, the ages of the RA patients and 
those of the healthy subjects did not 
match. Because the CD28-CD4+ T cell 
count in the peripheral blood has previ-
ously been reported to be higher in the 
elderly (30), our findings showing an 
increased CD28-CD4+ T cell count in 
patients with RA may have indirectly 
reflected the age difference between 
HC and RA. However, among both 
RA patients and healthy subjects who 
were included in our analyses (as well 
as among all participants included in 
both groups), the age did not correlate 
with the proportion of CD28-CD4+ T 
cells (Supplementary Fig. 3). Similarly, 
the age did not correlate with the pro-
portion of CXCR5+CD4+ T cells (Sup-
plementary Fig. 3). Therefore, future 
studies will need to be carried out in 
age-matched groups in order to deter-
mine whether the number of CD28-

CD4+ T cells and CXCR5+CD4+ T cells 
increase in a specific manner in RA. 
However, the finding of the influence of 
differences in CD28 expression on the 
responsiveness to abatacept therapy is 
the most important finding in this study. 
The low proportion of CXCR5+CD4+ T 
cells was another limitation. Compared 
to the proportion of CXCR5+CD4+ T 
cells in healthy subjects (mean value: 
approximately 8%) in a study of ju-
venile dermatomyositis previously 
reported by Morita et al. (19), the pro-
portion of CXCR5+CD4+ T cells found 
in the healthy subjects examined in our 
study was extremely low (mean value: 
approximately 0.8%). Meanwhile, 
similar to our findings, the proportions 
of CXCR5+CD4+ T cells were also ex-
tremely low (mean value: approximate-
ly 1%) in a study previously reported 
by Ma et al. (46). The differences be-
tween each of the aforementioned re-
ports may have been associated with 
technical issues (differences in reagents 
and experimental conditions), age dif-
ferences, and racial differences.
Taken together, CD4+CD28+CXCR5+ 
Tfh-like cells in the peripheral blood 
of RA patients are considered to be 
targets for ABT therapy. Conversely, 
CD4+CD28- cells, which do not con-

tribute to autoantibody production or 
disease activity, are primarily com-
posed of terminally differentiated ef-
fector Th1-like cells and are potential-
ly predictive of treatment resistance. 
Thus, both quantitative and qualitative 
analyses of T helper cells may be use-
ful in understanding the pathology of 
RA and predicting the therapeutic ef-
fects of ABT.
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