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Introduction

Summary

This study aimed to examine the frequency of different subsets of circulating
B and T follicular helper (Tfh) cells in patients with new-onset rheumatoid
arthritis (RA) and following standard therapies. Twenty-five RA patients and
15 healthy controls (HC) were recruited for characterizing the frequency of
CD27%, immunoglobulin (Ig)D*, CD86*, CD95*, Toll-like receptor (TLR)-9*
B cells and inducible T cell co-stimulator (ICOS) and programmed death 1
(PD-1)-positive Tfh cells and the level of serum interleukin (IL)-21. The
potential correlation between the frequency of different subsets of B and Tth
cells and the values of clinical measures in RA patients was analysed. In
comparison with HC, significantly higher percentages of circulating
IgD*CD27-CD19" naive B, CD86"CD19* and CD95*CD19* activated B,
CD3"CD4*CXCR5*, CD3*CD4*CXCR5*ICOS*, CD3*CD4*CXCR5*PD-1* and
CD3*CD4*CXCR5*ICOS*PD-1* Tth cells but lower IgD*CD27*CD19*
preswitch memory B cells were detected, accompanied by significantly higher
levels of serum IL-21 in the RA patients. Furthermore, the percentages of
CD95" B cells were correlated positively with the frequency of PD-1* Tth
cells, but negatively with ICOS* Tth cells. The percentages of CD86" B cells
and ICOS* Tth cells were correlated positively with the values of disease
activity score 28 (DAS28). Following the drug therapies for 1 month, the per-
centages of CD86" B and PD-1" Tth cells were reduced significantly in the
drug-responding patients. Our data suggest that activated B and Tth cells
may contribute to the pathogenesis of RA and the frequency of activated B
and Tfh cells may be used as biomarkers for evaluating the therapeutic
responses of individual patients with RA.
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Although antigen-specific T cells are crucial for the patho-
genesis of RA, recent evidence suggests that B cells play an

Rheumatoid arthritis (RA) is a severe chronic autoimmune
inflammatory disease. RA is characterized by symmetric
polyarthritis associated with pain and swelling in multiple
joints. Importantly, most RA patients eventually develop
cartilage lesions and bone destruction, leading to functional
incapacity. In addition, RA patients are affected by an
increased frequency of other co-morbidities and decreased
life expectancy [1]. Currently, the pathogenic process of RA
is still unclear. The pathogenesis of RA is attributed to the
interaction of many types of immunocompetent cells, such
as antigen-specific T and B cells, aberrant activation of
antigen-presenting cells (APC) and autoantibodies [2].

important role in the development and progression of
RA [3].

CD27 is expressed on somatically mutated B cells and the
distinct subsets of B cells can be defined as naive immuno-
globulin (Ig)D*CD27-, preswitch memory IgD*CD27%, post-
switth  memory IgDCD27* and double-negative
IgD"CD27" B cells [4,5]. Activation of B cells up-regulates
CD86, CD95 and major histocompatibility complex (MHC)
class II expression and some activated B cells differentiate
into plasma cells which express CD38 [6], while others
become memory B cells which express CD27 [5]. The
up-regulated CD95 expression in activated B cells makes

212 © 2013 British Society for Immunology, Clinical and Experimental Immunology, 174: 212-220



Table 1. Demographic and clinical characteristics of participants.

High frequency of Tfth and B cells in RA patients

Parameters Healthy controls RA (0M) RA (1M-responders) RA (1M-non-responders)
Number of subjects 15 25 9 4

Age (year) 48 (36-60) 54 (37-68) 54 (39-63) 57 (48-68)

Female n (%) 11 (73) 20 (80) 8 (89) 3 (75)

RF (IU/ml) 14 (0-3-27) 164 (0-45-1740)* 45 (12-4-567)*# 98 (1-56-1000)*
RF (+/-) n.a. 21/4 6/3 2/2

ESR (mm/h) 10 (3-20) 35 (5-138)* 18 (5-37)*# 25 (5-89)*

CRP (mg/dl) 3.2 (0-4-7-2) 24 (0-59-221)* 5.3 (0-77-60-5)*# 19-4 (4-2-88-5)*

Anti-CCP (TU/ml) 421 (0-32-592)
DAS28 n.a.
WBC (x10°/1) 60 (3-9-9-2)
Lymphocytes (x10°/1) 38 (30-1-51-4)
B cells (x10°/1) 821 (5-12-17-8)

478 (7-67-3180)*
Anti-CCP (+/-) n.a. 23/2

5-45 (3:30-7-84)*
5.70 (3-82-10-6)
363 (24-1-45-3)
9-56 (3-:21-20-8)

74-8 (0-67-768)* 98-92 (14-5-1805)*
7/2 3/1
2.7 (2-67-3-18)*# 5.21 (3-9-6-21)*
6-98 (3-9-10-3) 4.7 (4-1-9-1)
335 (28-3-39-6) 32-7 (26-3-42-7)
8-78 (2:92-20-6) 7-98 (4-3-21-5)

*P < 0-05 versus healthy controls (HC); #P < 0-05 versus baseline values. Data shown are median (range) of each group of subjects. OM: baseline;

1M: month after therapies; CCP: cyclic citrullinated peptide; CRP: C-reactive protein; DAS28: disease activity score in 28 joints; ESR: erythrocyte sedi-

mentation rate; n.a.: not applicable; RF: rheumatoid factor; WBC: white blood cell.

them sensitive to ligand-mediated apoptosis [7,8]. However,
little is known about the frequency of these different subsets
of activated B cells in patients with new-onset RA.

The activation and functional differentiation of B cells
are regulated by CD4" T cells, particularly by T follicular
helper (Tth) cells [9,10]. Tth cells are characterized by
increased levels of CXCRS5, inducible co-stimulator (ICOS),
programmed death-1 (PD-1), CD40-ligand (CD40L) and
transcription factor Bcl-6 expression, and secreting inter-
leukin (IL)-21, which are important for their function [11-
14]. Tth cells can enter the follicle and secrete cytokines and
other molecules to help the formation of germinal centre
(GC), high-affinity long-living plasma cells and memory B
cells [15,16]. A previous study has shown a higher fre-
quency of Tth cells and increased levels of anti-CCP anti-
bodies in patients with new-onset RA [17].

However, how Tfh cells are associated with different
stages of differentiated B cells in the pathogenesis of
RA is not fully understood. In addition, how these
immunocompetent cells respond to the commonly used
therapies of disease-modifying anti-rheumatic drugs
(DMARD:s), such as methotrexate (MTX) and Tripterygium
wilfordii in RA patients has not been clarified. T. wilfordii, a
Chinese herb, has potent immunosuppressive activity and
has been used for the treatment of RA in the clinic for some
time [18,19]. In the current study, we characterized the fre-
quency of Tth and different stages of differentiated B cells
in 25 patients with new-onset RA and 1 month after thera-
pies with T. wilfordii and DMARDs as well as 15 gender-
and age-matched healthy controls. Our findings suggest that
activated B and Tth cells may contribute to the pathogenesis
of RA and the frequency of activated B and Tth cells may be
used as a biomarker for evaluating the therapeutic
responses of individual patients with RA.

Material and methods

Patients and controls

A total of 25 patients with new-onset RA (<6 months of
disease duration) were recruited sequentially at the
in-patient service of the First Hospital and China—Japan
Union Hospital of Jilin University from February 2013 to
May 2013. Another 15 gender-, age- and ethnicity-matched
HC were recruited during the same period and they had no
history of any chronic inflammatory disease. Individual
patients with RA were diagnosed according to the diagnosis
criteria established by the American College of Rheumatol-
ogy [20] and the disease severity of individual patients was
evaluated using the disease activity score 28 (DAS28) [21].
Individual RA patients were excluded if she/he received
treatment with DMARDs, corticosteroids or immunosup-
pressive for any reason during the past 6 months or had
other chronic inflammatory and autoimmune diseases, such
as diabetes, multiple sclerosis, inflammatory bowel disease,
metabolic syndrome, hypertension, cardiovascular diseases,
cancer or recent infection. Written informed consent was
obtained from individual subjects and the experimental
protocol was approved by the Ethical Committee of the
First Hospital of Jilin University.

Demographic and clinical characteristics, including age
and gender, were recoded by physicians and are shown in
Table 1. Venous blood samples were taken immediately after
enrolment and the patients were treated orally with 10 mg
methotrexate weekly (MTX; Shanghai Xinyi Pharmacy,
Shanghai, China), with 20 mg Leflunomide daily (Fujian
Huitian Pharmacy, Fujian, China) and 60 mg T. wilfordii
(Guizhou Han Prescription Pharmacy, Guizhou, China).
One month after the beginning of the treatment, their
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blood samples were collected again for subsequently labora-
tory examination.

Laboratory tests

The full blood counts and erythrocyte sedimentation rates
(ESR) of individual subjects were examined. The levels of
serum C-reactive protein (CRP), rheumatoid factor (RF)
and anti-cyclic citrullinated peptide (anti-CCP) were deter-
mined by scatter turbidimetry using a Siemens special
protein analyser (Siemens Healthcare Diagnostics Products
GmbH, Marburg, Germany).

Flow cytometry analysis

Peripheral blood mononuclear cells (PBMCs) were isolated
from individual patients by density-gradient centrifugation
using Ficoll-Paque Plus (Amersham Biosciences, Little
Chalfont, UK). PBMCs at 5 x 10°/tube were stained in
duplicate with APC-cyanin 7 (Cy7)-anti-CD3 (BD
Bioscience, San Diego, CA, USA), peridinin chlorophyll
(PerCP)-anti-CD19, phycoerythrin (PE)-anti-CD38, APC-
anti-CD86 or APC-Cy7-anti-CD3, PerCP-anti-CD19, fluo-
rescein isothiocyanate (FITC)-anti-IgD, PE-anti-CD27 and
APC-anti-CD95 (BD PharMingen, San Diego, CA, USA) for
30 min, and APC-Cy7-anti-IgG (BD Bioscience), PerCP-
anti-IgG1, PE-anti-IgG1 APC-anti-IgG1 and FITC-anti-IgG
(BD PharMingen) as the isotype controls. Furthermore,
PBMCs (5 x 10°/tube) were stained in duplicate with
PerCP-anti-CXCR5 (Biolegend, San Diego, CA, USA), APC-
anti-CD4, PE-anti-ICOS, FITC-anti-PD-1, APC-Cy7-anti-
CD3 or isotype-matched controls (BD Bioscience) for
30 min. After being washed with phosphate-buffered saline
(PBS), the cells were characterized on a BD fluorescence
activated cell sorter (FACS)Aria II.

Stimulation of PBMC

PBMCs at 4 x 10/ml were stimulated in duplicate with or
without 3 pg/ml of CpGB (cytosine-phosphate-guanine
class B) (R&D Systems, Minneapolis, MN, USA) in the
presence of 10 ng/ml of recombinant IL-2 (R&D Systems)
in RPMI-1640 supplemented with 10% fetal calf serum
(FCS) (Hyclone, Logan, UT, USA) in 5% CO, at 37°C for 3
days [22]. The cells were harvested and then stained in
duplicate with PerCP-anti-CD19 and APC-Cy7-anti-CD3
for 30 min, fixed, permeabilized with permeabilization
solution (BD Bioscience) and stained with APC-anti-Toll-
like receptor (TLR)-9 or the isotype control, followed by
flow cytometry analysis of TLR-9 expression.

Measurement of serum IL-21 by enzyme-linked
immunosorbent assay (ELISA)

The concentrations of serum IL-21 in individual patients
and HC were determined by ELISA using the human IL-21

ELISA kit, according to the manufacturer’s instructions
(R&D Systems). Briefly, individual sera at 1:4 dilutions were
subjected to ELISA analysis, and the concentrations of
serum IL-21 in individual samples were calculated accord-
ing to the standard curve established by using the recombi-
nant IL-21 provided. The limitation of detection for the
level of IL-21 was 10 ng/l.

Statistical analysis

Data are expressed as median and range or individual mean
values. The difference between the groups was analysed by
Mann-Whitney U non-parametric test using spss version
19-0 software. The relationship between variables was evalu-
ated using Spearman’s rank correlation test. A two-sided
P-value of <0-05 was considered statistically significant.

Results

A high frequency of circulating activated B cells in
patients with new-onset RA

To determine the role of different differentiation stages of B
cells and Tth cells in the pathogenesis of RA, a total of 25
patients with new-onset RA and 15 gender- and age-
matched HC were recruited. There was no significant differ-
ence in the distribution of age and gender and the numbers
of white blood cells (WBC) and lymphocytes between the
patients and HC (Table 1). As expected, the levels of serum
RF, CRP and anti-CCP and the values of ESR in the patients
were significantly higher than that in the HC.

We characterized the frequency of different differentia-
tion stages of B cells by flow cytometry analysis. As shown
in Fig. 1, the percentages of IgD*CD27-CD19" (naive B),
CD86*CD19*, CD95"CD19" B cells in those patients were
significantly higher than that in the HC. In contrast, the fre-
quency of IgD*CD27*CD19" preswitch memory B cells was
significantly lower in the patients than that in the HC.
There was no significant difference in the frequency
of IgDCD27*CD19" post-switch memory B cells,
IgD"CD27°CD19" double-negative B cells, CD38*CD19*
and TLR-9*CD19" B cells between the RA patients and HC.
Interestingly, the percentages of CD86'CD19" B cells were
correlated positively with the values of DAS28 in those
patients (Fig. 1¢). However, there was no significant correla-
tion between the values of DAS28 and the frequency of
other B cell subsets in this population (data not shown).
Given that CD86 and CD95 were up-regulated in B cells,
our data indicated that the higher frequency of activated B
cells contributed to the pathogenesis of RA in Chinese
patients with new-onset RA.

Higher percentages of circulating Tth cells in patients
with new-onset RA

Tth cells can promote B cell activation, expansion and dif-
ferentiation. To investigate the potential role of Tth cells in
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the development of RA, we characterized the percentages
of peripheral blood CD3*CD4'CXCR5" cells in total
CD3*CD4" T cells in patients and HC by flow cytometry
analysis (Fig. 2a). We found that the percentages of
CD3*CD4*CXCR5*cells, CD3*CD4'ICOS'CXCR5*, CD3*
CD4*PD-1"CXCR5* and CD3*CD4'ICOS'PD-1"CXCR5*
Tth cells in CD3*CD4*CXCR5" cells in the patients were sig-
nificantly higher than those in the HC (Fig. 2b). Given that
Tth cells can secrete IL-21, which has been shown to regu-
late B cell differentiation and proliferation [23-25], we
examined the concentrations of serum IL-21 in those
patients and HC by ELISA (Fig. 2c). We found that the
levels of serum IL-21 in the patients were significantly
higher than that in the HC. These data clearly indicated a
higher frequency of activated Tth cells and higher levels of

© 2013 British Society for Immunology, Clinical and Experimental Inmunology, 174: 212-220

serum IL-21 in patients with new-onset RA, and may con-
tribute to the development of RA.

The relationship between Tfh and B cells in the patients
with new-onset RA

Next, we examined the relationship between Tth and B cells
in RA patients and found that the percentages of
CD3*CD4"CXCR5* cells were correlated positively with the
frequency of CD19* B cells in those patients (Fig. 3a). Simi-
larly, the percentages of CD3*CD4"PD-1*CXCR5" Tth cells
were also correlated positively with the frequency of
CD95'CD19" B cells (Fig. 3b). Interestingly, the percentages
of CD3*CD4'ICOS*CXCR5" Tth cells were correlated nega-
tively with the frequency of CD95'CD19" B cells in those
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Fig. 2. Fluorescence activated cell sorter (FACS) analysis of the frequency of different subsets of T follicular helper (Tth) cells and enzyme-linked
immunosorbent assay (ELISA) analysis of the levels of serum interleukin (IL)-21 in new-onset rheumatoid arthritis (RA) patients and healthy
controls (HC). (a) Flow cytometry analysis of different subsets of Tth cells. Peripheral blood mononuclear cells (PBMCs) were isolated from
individual subjects and were stained in duplicate with anti-CD3, anti-CD4, anti-CXCR5, anti-inducible T cell co-stimulator (ICOS) and
anti-programmed death 1 (PD-1) or isotype-matched immunoglobulin (Ig)G, respectively. The cells were characterized by flow cytometry analysis
by gating initially on living lymphocytes and then on CD3*CD4" T cells for the analysis of different subsets of CD4*CXCR5" cells. Subsequently, the
percentages of ICOS* and PD-1* Tth in CD3*CD4"CXCR5" cells were analysed, and at least 30 000 events were analysed for each sample. Data are
representatives of different groups of samples from at least two independent experiments. (b) Quantitative analysis. Data shown are individual
values of the mean percentages of different subsets of Tth cells in individual subjects (1 = 25 for RA patients; n =15 for HC). (c) ELISA analysis of
the concentrations of serum IL-21 in individuals. Data are expressed as the mean values of individual participants from two separate experiments.

The horizontal lines indicate the median values of different groups.
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Fig. 3. The relationship between the percentages of different subsets of T follicular helper (Tfh) and B cells in the rheumatoid arthritis (RA)
patients. (a) The percentages of CD4*CXCR5" T cells were correlated positively with the frequency of B cells in the RA patients. (b) The percentages
of CD95" B cells were correlated positively with the frequency of programmed death 1 (PD-1)" Tth cells in the RA patients. (c) The percentages of
CD95* B cells were correlated negatively with the frequency of ICOS* Tth cells in the RA patients.
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Fig. 4. The percentages of T follicular helper (Tth) cells are correlated with the values of clinical measures in the rheumatoid arthritis (RA) patients.
(a) The percentages of ICOS" Tth cells were correlated positively with the levels of serum anti-CCP in the RA patients. (b) The percentages of
programmed death 1 (PD-1)" Tfh cells were correlated negatively with the levels of serum RF in the RA patients. (c) The percentages of inducible T
cell co-stimulator (ICOS)* Tth cells were correlated positively with the values of disease activity score 28 (DAS28) in the RA patients (1 = 25).

patients (Fig. 3c). However, there was no significant associa-
tion between the percentages of other types of Tth cells and
B cells tested in those patients (data not shown). These data
suggest that different types of Tth cells may have variable
functions in regulating the differentiation of B cells during
the development of RA in humans.

The relationship between the percentages of Tth cells
and disease severity in patients with new-onset RA

To understand the importance of Tth cells, we analysed the
potential association of the percentages of different types of
Tfh cells with the values of clinical parameters in those
patients. We found that the percentages of CD3*CD4*
ICOS* CXCR5* Tth cells were correlated positively with the
concentrations of serum anti-CCP and the values of
DAS28, while the percentages of CD3'CD4'PD-1"CXCR5*
Tth cells were correlated negatively with the concentrations
of serum RF in those patients (Fig. 4). There was no signifi-
cant association between other subsets of Tth and B cells
with the values of clinical measures tested. These data
suggest that different types of Tth cells may have different
functions in the pathogenesis of RA in humans.

Treatment with drugs changes the frequency of B and
Tth cells significantly in RA patients

Finally, we tested how treatment with DMARDs and T.
wilfordii affected the percentages of different types of B and

Tth cells in those patients. Following treatment with the
drugs for 1 month, we found that nine of 13 patients
responded to the treatment by dramatically reducing the
values of DAS28 (<3-2) and others did not respond to
the treatment (DAS28 > 3-2). Interestingly, we found that
the percentages of CD86"CD19"* B cells and CD3*CD4"PD-
1"CXCR5" Tth cells were reduced significantly in the drug-
responding patients compared with the baseline values,
accompanied by significantly reduced levels of serum IL-21
in those patients (Fig. 5). However, there was no significant
difference in the percentages of CD86'CD19" B cells and
CD3*CD4"PD-1"CXCR5" Tth cells and in the levels of
serum IL-21 between before and after treatment with drugs
in those drug non-responding patients (data not shown).
Similarly, there was no significant correlation between the
percentages of CD3*CD4'ICOS*CXCR5" and CD3*CD4*
PD-1*CXCR5" Tth cells and the concentrations of serum
anti-CCP as well as the values of DAS28 in those drug-
responding patients after treatment for 1 month (data not
shown). Collectively, treatment with DMARDs and T
wilfordii improved clinical symptoms dramatically, which
was associated with a reduction in the frequency of
CD86"CD19" B cells and PD-1* Tth cells in those patients.

Discussion

The pathological progression of RA was characterized by
various immunological abnormalities, including dysregu-
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Fig. 5. Treatment with the drugs modulates the frequency B and T follicular helper (Tth) cells in the responding rheumatoid arthritis (RA) patients.
Thirteen RA patients were treated with medicines for 1 month, and nine patients responded to the treatment. The frequency of CD86™ B and
programmed death 1 (PD-1)" Tfh cells in those patients was determined by flow cytometry analysis and was compared with that before treatment
(a,b). The levels of serum interleukin (IL)-21 in those patients were determined by enzyme-linked immunosorbent assay (ELISA) and were

compared with that before treatment (c).
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lated activation of both T and B cells and subsequent
polyclonal activation of B cells. The activated B cells differ-
entiate into plasma cells that produce RF, anti-CCP and
other autoreactive antibodies. Activated B cells also infiltrate
into the rheumatoid synovium [26]. In this study, we found
that the frequency of CD19*IgD*CD27 naive B cells in RA
patients was significantly higher than that in the HC, while
the percentages of preswitch CD19'IgD*CD27* B memory
cells in RA patients were significantly lower than that in the
HC. Our findings were consistent with a previous report
that showed a higher frequency of naive B cells, but lower
percentages of memory B cells in patients with new-onset
RA [27]. This suggests that antigen stimulation may
promote the redistribution of naive B cells from lymph
tissues to circulation. Souto-Carneiro et al. [28] found that
the percentages of circulating preswitch CD19IgD*CD27*
memory B cells decreased in RA patients, while the fre-
quency of preswitch CD19*IgD*CD27* memory B and post-
switch CD19"IgD"CD27* memory B cells increased in the
synovial membrane. It is possible that circulating
CD19'IgD*CD27* B cells could migrate and accumulate in
the synovium of RA patients. However, a previous study has
suggested that there may be an accumulation of post-switch
CD19*IgD"CD27* memory B cells, whereas the CD19"IgD*
CD27" memory B cells are reported in RA patients with
long-standing disease [29]. The disparities between our data
and the results of previous studies may be due to a number
of factors, including varying genetic backgrounds, disease
duration, cohort size and therapy.

Activated B cells increased the expression levels of certain
activation markers, such as CD86 and CD95 [30,31]. CD86
is a critical co-stimulatory molecule for B cell activation and
CD95 is associated with apoptosis. To assess activated B
cells further in RA patients, we analysed the frequency of
CD86" or CD95" B cells and found that the percentages of
CD86'CD19" and CD95'CD19* B cells were significantly
higher in the RA patients than that in the HC, consistent
with a previous report [32,33]. These data indicated more
activated B cells in RA patients. Given that CD95 is a death
receptor, the higher frequency of CD95* B cells in RA
patients suggests that those activated B cells may be suscep-
tible to spontaneous apoptosis, diminishing the total
number of activated B cells in RA patients. Moreover, it is
possible that the relatively higher frequency of naive B cells
may stem from high differentiation of bone marrow stem
cells due to the continuous loss of memory B cells, and this
feedback regulation will help in maintaining B cell homeo-
stasis in RA patients. O’Neill eral. [34] found that the
expression of CD80/CD86 co-stimulatory molecules on B
cells was critical for inducing autoreactive T cell activation
and autoimmunity during the development of arthritis. In
our study the percentages of CD86*CD19" B cells in the RA
patients were correlated positively with the DAS28 scores,
suggesting that activated B cells might be major players in
the pathogenesis of RA. Interestingly, treatment with

DMARDs and T. wilfordii reduced significantly the fre-
quency of CD86'CD19" B cells in the drug-responding
patients, further indicating the importance of activated B
cells in the pathogenesis of RA.

Tth cells are important for helping B cell activation and
differentiation. Previous studies have suggested the impor-
tance of Tfh in the pathogenesis of systemic lupus
erythematosus (SLE) and RA [17,35,36]. CXCRS5, ICOS and
PD-1 are expressed by Tth cells and IL-21 is crucial for the
development and function of Tth. In this study, we found
that the percentages of circulating CD3*CD4'1COS*
CXCR5* and CD3*CD4*PD-1"CXCR5* Tth cells were sig-
nificantly higher in the RA patients than that in the HC.
Our findings extend a previous observation of a higher fre-
quency of circulating CD3"CD4*'ICOS*CXCR5" Tth cells in
SLE patients [36]. Because the number of circulating Tfh
cells increased in proportion to their GC counterparts [36],
our data suggest an increased number of activated Tth cells
in the GCs of second lymphoid organs.

ICOS-mediated co-stimulation is crucial for Tth differen-
tiation. We also found that the percentages of ICOS™ Tth
cells were correlated positively with the levels of serum anti-
CCP and the values of DAS28 in RA patients, consistent
with a previous observation [17]. It is conceivable that the
frequency of ICOS* Tth cells can be used as a biomarker for
the evaluation of disease severity in the RA patients. PD-1 is
expressed on activated T cells, particularly on Tth cells.
PD-1 promotes cognate T-B interactions and provides an
inhibitory signal to Tth cells [37]. Zhu et al. [38] showed
that the percentages of CD3*CD4'ICOS'CXCR5" and
CD3*CD4"PD-1"CXCR5" T cells were significantly higher in
patients with autoimmune thyroid disease (AITD) than that
in HC and were correlated positively with the levels of
serum autoantibodies [38]. We found that the percentages
of CD3*CD4'PD-1*CXCR5" Tth cells were correlated nega-
tively with the levels of serum RF and treatment with
DMARDs and T. wilfordii reduced significantly the fre-
quency of CD3*CD4'PD-1"CXCR5" Tth cells in the drug-
responding patients. Our data suggest that PD-1* Tth may
serve as negative regulators to limit the number of func-
tional Tth cells and to minimize RF production.

In addition, we found that the percentages of ICOS* Tth
cells were correlated positively with the frequency of total B
cells and negatively with the frequency of CD95" B cells in
the RA patients. Furthermore, the percentages of PD-1* Tth
cells were correlated positively with the frequency of CD95*
B cells in those patients. Of note, the ICOS-mediated T and
B cell interaction usually promotes B cell activation, while
the CD95-mediated T and B cell interaction commonly
triggers B cell apoptosis [39]. We found that treatment with
DMARDs and T. wilfordii reduced the frequency of PD-1*
Tth and CD95" B cells significantly in the drug-responding
patients. These data indicate that the activated Tth cells par-
ticipate in the pathological progression of RA and the per-
centage of circulating Tth cells is a valuable biomarker of
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disease activity. These findings reveal that active Tth cells
regulate B cell activation in the process of RA.

IL-21 is produced mainly by T lymphocytes including
CD3*CD4*CXCR5* Tth cells. IL-21 is a key regulator of the
differentiation of activated B lymphocytes into plasma and
promotes IgM, IgG and IgA production [23,24,40]. We
found that the levels of serum IL-21 were significantly
higher in the RA patients than that in the HC. These results
were in agreement with a previous observation showing
that IL-21 regulates Tth and B cell function [41]. We are
interested in investigating further how IL-21 regulates B and
Tth cell activation and differentiation in RA patients.

In conclusion, our data showed that the percentages of
activated B and Tth cells increased significantly in the RA
patients, compared with that in the HC, and were correlated
with the disease severities in RA patients. Further studies
are warranted to explore the roles of different subsets of B
and Tth cells in the pathogenesis of RA and to understand
the mechanisms underlying B and Tfh activation in the
process of RA.
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