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Adiponectin promotes fibroblast-like synoviocytes 
producing interleukin-6 to enhance T follicular 

helper cells response in rheumatoid arthritis 
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Department of Rheumatology, The First Affiliated Hospital of Nanjing Medical University, 
Nanjing, China. 

Abstract
Objective 

Rheumatoid arthritis (RA) is characterised by the overproduction of autoantibodies such as rheumatoid factor (RF) 
and anti-cyclic citrullinated peptide (anti-CCP) antibody. T follicular helper (Tfh) cells are a specialised Th subset that 

provides signals to B cells, promoting the secretion of antibodies. Our previous studies showed that the frequency of 
circulating Tfh cells were markedly increased in RA patients and positively correlated with disease activity and the levels 

of anti-CCP autoantibody. Adiponectin (AD) is an adipokine secreted mainly by adipocytes. Our previous work has 
demonstrated that AD is highly expressed in the inflamed synovial joint tissue and correlates closely with progressive 
bone erosion in RA patients. However, it remains unknown whether AD aggravates the severity of RA via modulating 

Tfh cells. This study aims to investigate whether AD exerts effect on Tfh cells in RA.

Methods
CD4+ T cells were purified from peripheral blood mononuclear cells (PBMCs) of healthy controls (HC), and adiponectin 

receptor 1 (AdipoR1) expression on the surface of CD4+CXCR5+PD-1+ (Tfh) cells was detected by flow cytometry. 
Purified HC CD4+ T cells were cultured with different concentration fetal bovine serun (FBS) in the presence or absence 

of AD. The percentages of Tfh cells were analysed by flow cytometry. RA or osteoarthritis (OA) fibroblast-like synoviocytes 
(FLSs) were stimulated with AD for 72h and then co-cultured with HC CD4+ T cells through cell-to-cell contact or in a 
transwell system. The percentages of Tfh cells were analysed by flow cytometry and the levels of soluble factors such as 

interleukin-(IL)-6, IL-21, IL-12 and IFNγ in the supernatants were determined by Human Magnetic Bead Panel or 
Enzyme linked immunosorbent assay (ELISA). Then anti-IL-6 antibody and/or anti-IL-21 antibody was added to the 
co-culture system, and the percentages of Tfh cells were analysed by flow cytometry. The frequency of Tfh cells in the 

joint tissue of collagen-induced arthritis (CIA) mice was examined by flow cytometry. The mRNA expression of Tfh cell 
transcription factors and functional molecules such as B-cell lymphoma 6 (Bcl-6), B lymphocyte maturation protein 1 

(Blimp-1), IL-6, IL-21, IL-12 and IFNγ in the joints of CIA mice were detected by real time PCR (RT-PCR).

Results
Adiponectin receptor 1 (AdipoR1) expression was detected on the surface of Tfh cells. However, in the present study, 
we did not find that AD has a direct effect on Tfh cell generation in vitro. Nonetheless, AD-stimulated RA FLSs could 
promote Tfh cell generation, predominantly via IL-6 production and this upregulated effect was partially abolished 

upon neutralising IL-6. Finally, intraarticular injection of AD aggravated synovial inflammation with increased 
frequency of Tfh cells in the joints of AD-treated CIA mice.

Conclusion
Our study demonstrated that AD-stimulated RA FLSs promote Tfh cell generation, which is mainly mediated by the 

secretion of soluble factor IL-6. This finding reveals a novel mechanism for AD in RA pathogenesis.

Key words
rheumatoid arthritis, T follicular helper cell, adiponectin, IL-6



12 Clinical and Experimental Rheumatology 2020

Indirect upregulation of adiponectin on Tfh cells in RA / R. Liu et al.

Rui Liu*, PhD
Pengfei Zhao*, MSc
Qian Zhang, PhD candidate
Nan Che, PhD
Lingxiao Xu, PhD
Jie Qian, MD
Wenfeng Tan, PhD
Miaojia Zhang, MD
*These authors contributed equally 
to this study.
Please address correspondence to:  
Dr Miaojia Zhang, 
Department of Rheumatology, 
The First Affiliated Hospital of 
Nanjing Medical University, 
300 Guangzhou Road, 
Nanjing 210029, China. 
E-mail: mjzhang@njmu.edu.cn
Received on July 20, 2018; accepted in 
revised form on February 25, 2019.
© Copyright CliniCal and 
ExpErimEntal rhEumatology 2020.

Funding: this research was funded by 
the National Natural Science Foundation 
of China (NSFC 81501393, 81671615, 
81273294, 81471610, 81302574, 
81771758).
Competing interests: none declared. 

Introduction 
Rheumatoid arthritis (RA) is a common 
autoimmune disease which is charac-
terised by synovial inflammation and 
hyperplasia, autoantibody production, 
cartilage and bone destruction, and sys-
temic complication (1, 2). However, 
to date, the exact mechanism of RA 
remains unknown. Therefore, explor-
ing the pathogenesis of RA is still a       
challenge.
T follicular helper (Tfh) cells are a spe-
cialised Th subset that could promote the 
differentiation of B cells into memory B 
cells or plasma cells (PCs), and are cru-
cial for the processes of class switch re-
combination. Tfh cells are characterised 
by high expression of CXC chemokine 
receptor 5 (CXCR5), which facilitates 
Tfh cell migration to B cells follicles 
(3, 4). Moreover, Tfh cells express high 
levels of costimulatory molecules such 
as programmed death 1 (PD-1), induci-
ble T cell costimulator (ICOS), interleu-
kin-(IL)-21, cytoplasmic adaptor pro-
tein signalling lymphocytic activation 
molecule (SLAM)-associated protein 
(SAP) and B-cell lymphoma 6 (Bcl-6) 
(5, 6). Nurieva et al. found that IL-6, IL-
21 and Bcl-6 were critical for Tfh cell 
differentiation (7), and that Tfh cell dif-
ferentiation in humans required IL-12 
and activin A signalling (8, 9). Moreo-
ver, IL-27, a heterodimeric cytokine 
was critical for the survival of Tfh cells 
as well as for the marker expression, 
such as CXCR5, PD-1 and ICOS (10). 
Interferon γ (IFNγ), a cytokine that as-
sociated with Tfh cell production, could 
regulate the T-bet expression to promot-
ing pathogenic autoreactive antibodies 
production (11, 12). Our previous stud-
ies showed that the frequency of circu-
lating Tfh cells were markedly increased 
in RA patients and positively correlated 
with disease activity and the levels of 
anti-CCP autoantibody (13, 14), sug-
gesting that Tfh cells might participate 
in the pathogenesis of RA.
Adiponectin (AD), also called Acrp30, 
adipoQ, ApM1, and GBP28, is a 28-30 
kDa collagen-like protein mainly se-
creted by adipocytes. The growing evi-
dence suggest that AD plays an impor-
tant role in regulating immune and in-
flammatory processes (15). Our previ-
ous and other studies demonstrated that 

the level of AD was highly expressed 
both in the serum, synovial fluids (SF) 
and inflamed synovial joint and cor-
related closely with progressive bone 
erosion in RA patients (16-19). Moreo-
ver, local level of AD was positively 
correlated with IL-6 level in RA syno-
vial fluids. In vitro, stimulation of RA 
synoviocytes with AD could promote 
a high expression of IL-6 (20), which 
was necessary for Tfh cell differention. 
Therefore, in this study, we attempt to 
reveal that whether AD participates in 
RA through inducing Tfh cell response. 

Methods
Cell isolation and cultures
CD4+ T cells were separated from pe-
ripheral blood mononuclear cells (PB-
MCs) of healthy control (HC), and then 
sorted by positive selection with mag-
netic beads (Miltenyi Biotec) accord-
ing to the manufacturer’s instructions 
and the purity was >97% (Supplemen-
tary Fig. 1).
RA fibroblast-like synoviocytes (FLSs) 
and osteoarthritis (OA) FLSs were ob-
tained from the synovial tissue of RA 
patients or OA patients who underwent 
therapeutic synovectomy or arthro-
plasty, as described previously (21). 
And the disease 28-joint count disease 
activity score (DAS28) of RA patients 
was >3.2. The study was approved by 
the ethics committee of the First Af-
filiated Hospital of Nanjing Medical 
University (2013-SR-178). All study 
subjects signed written informed con-
sent before participating in the study. 
The characteristics of RA and OA pa-
tients are shown in Supplementary Fig 
2. The tissues were minced into small 
pieces and incubated with 4 mg/ml 
type I collagenase in Dulbecco’s modi-
fied eagle medium (DMEM) (Gibco) 
for 4 h. The cells were collected by 
filtering the suspension through nylon 
mesh (70μm), followed by extensive 
washing with phosphatebuffered saline 
(PBS). The cells were then centrifuged 
at 400 g for 6 min and collected in 
plastic cell culture dishes, cultured in 
DMEM with 10% fetal bovine serum 
(FBS) (Gibco) and 100 U/ml 1% pen-
icillin-streptomycin (Gibco). A homo-
geneous population (<1% CD3+, <1% 
CD19+, <1% CD68+, <1% CD11b+, 
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and <1% CD14+) was identified as RA 
FLSs (Suppl. Fig. 3) (22). Only pas-
sage 3 to passage 8 cells were used for 
the culture experiments. CD4+ T cells 
(4×105) that obtain from 10 different 
HC respectively were cultured in 96-
well plates in 1640 medium (Gibco) 
with serum-free, 2% FBS, 5% FBS and 
10% FBS respectively. CD4+ T cells 
were stimulated with anti-CD3 mAb 
(5μg/ml, eBioscience) and anti-CD28 
mAb (3μg/ml, eBioscience) in differ-
ent concentrations of AD (5μg/ml and 
25μg/ml, Peprotech) for 72h and this 
experiments were repeated three times.

Co-culture of  FLSs and CD4+ T cells
RA FLSs or OA FLSs (4×104) that each 
from 3 different patients were allowed 
to adhere to 24-well plates in DMEM 
medium (Gibco) containing 10% FBS 
(Sigma) in the presence of AD (25μg/
ml). After 72h, the supernatants were 
discarded and the FLSs were washed 
with PBS twice. Then CD4+ T cells 
were added into the plate in the pres-
ence of anti-CD3 mAb (5μg/ml, eBio-
science) and anti-CD28 mAb (3μg/ml, 
eBioscience) for 72h in a cell-to-cell 
contact or transwell system. RA/OA 
FLSs from one patient were co-cultured 
with CD4+ T cells from different HC. 
This experiments were repeated three 
times. Anti-IL-6 antibody (0.5μg/ml, 
eBioscience) or/and anti-IL-21 anti-
body (0.2μg/ml, eBioscience) were 
added to the above co-culture system. 
The frequency of Tfh cells was detected 
by flow cytometry.

RNA interference
siRNA specifically targeting human Ad-
ipoR1 (sense 5’-GCUCUUUCACAC-
CGUCUAUTT-3’, antisense 5’-AUA-
GACGGUGUGAAAGAGCTT-3’) 
were purchased from Invitrogen Bio-
technology. 20 pM siRNA oligonucleo-
tides were transfected into RA FLSs 
with Lipofectamine® 2000 Reagent (in-
vitroger) in accordance with the manu-
facturer’s instructions. Control siRNA 
was used as a negative control. Knock-
down efficiencies were monitored by 
quantitative real time PCR (RT-PCR) 
and by western blot after transfection 
(Suppl. Fig. 4). RA FLSs transfected 
with AdipoR1 siRNA (4×104) were 

allowed to adhere to 24-well plates in 
DMEM medium (Gibco) containing 
10% FBS (Sigma) in the presence of 
AD (25μg/ml) for 72h, then co-cultured 
with CD4+ T cells for 72h. Levels of 
IL-6 in the culture supernatants were 
measured by ELISA.

Human Magnetic Bead Panel 
Levels of IL-6, IFNγ, IL-27 and IL-12 
in the culture supernatants were meas-
ured by Human Magnetic Bead Panel 
(MILLIPLEX® MAP, Merck KGaA) 
according to the manufacturer’s recom-
mendations. Each sample was prepared 
in triplicate. 1. Add 200 μl of Assay 
Buffer into each well of the plate. Seal 
and mix on a plate shaker for 10 min-
utes at room temperature (20–25℃). 2. 
Decant Assay Buffer and remove the 
residual amount from all wells by in-
verting the plate and tapping it smartly 
onto absorbent towels several times. 3. 
Add 25μl of each Standard or Control 
into the appropriate wells. Assay Buff-
er should be used for 0 standard (Back-
ground). 4. Add 25 μl of Assay Buffer 
to the sample wells. 5. Add 25 μl of 
control culture medium to the back-
ground, standards, and control wells. 
6. Add 25 μl of neat Samples into the 
appropriate wells. 7. Vortex Mixing 
Bottle and add 25 μl of the Mixed or 
Premixed Beads to each well. 8. Seal 
the plate with a plate sealer. Wrap the 
plate with foil and incubate with agita-
tion on a plate shaker overnight (16–18 
hours) at 4℃. 9. Gently remove well 
contents and wash plate two times fol-
lowing instructions listed in the PLATE 
WASHING section. Each sample was 
prepared in triplicate. An Axon scan-
ner 4000B with GenePix software was 
used to collect fluorescence intensities.

Enzyme linked immunosorbent 
assay (ELISA) 
Levels of IL-21 and IL-6 in the culture 
supernatants were measured by ELISA 
(R&D Systems) according to the man-
ufacturer’s recommendations. 

Flow cytometric analysis
The following antibodies were used 
for surface staining: anti-human CD4-
FITC, CXCR5-APC, PD1-PE (eBio-
science), Anti-Adiponectin Receptor 

1 (AdipoR1, abcam), Alexa Fluor® 
488 AffiniPure Goat Anti-Rabbit IgG 
(H+L) (FMS). Data were acquired 
using a Fluorescence Activated Cell 
Sorter (FACS) calibur system (Back-
man  Biosciences) and analysed by Cy-
tExpert software and Flowjo software. 
All samples were treated according to 
the manufacturer’s recommendations. 

Experimental animals
Six- to eight-week-old DBA/1J mice 
were purchased from the Shanghai 
Laboratory Animal Center, China. Mice 
were fed under pathogen-free condi-
tions at experimental animal center of 
Nanjing Medical University. All ex-
periments were conducted according 
to the animal care and use committee 
guidelines. CIA mice were induced 
as previously described (23). Firstly, 
100μg of bovine type II collagen (CII) 
(Chondrex) was dissolved in 0.05M 
acetic acid with an equal volume of 
Freund’s complete adjuvant (Difco). 
Then DBA/1J mice were intradermally 
administered at the base of tail. On Day 
21, booster injections were adminis-
tered with 75μg of type II collagen and 
Freund’s incomplete adjuvant (Difco) 
near the primary injection site. CIA 
mice were intraarticularly injected with 
AD (10μg AD in 10μl PBS) into knee 
joints on day 17, day 20 and day 23 post 
first CII-immunisation. Other CIA mice 
were treated with same volume of PBS 
as controls.

RNA extraction and RT-PCR 
analysis
Joint tissues were collected for RT-
PCR analysis. RNA samples were 
extracted by Trizol reagent (Invitro-
gen) and then RNA was converted to 
complementary deoxyribonucleic acid 
(cDNA) using Prime Script TM RT re-
gent Kit according to the manufactur-
er’s instructions (Takara). PCR prim-
ers used for RT-PCR were as follows: 
for GAPDH, forward 5’-AGGTCG-
GTGTGAACGGATTTG-3’, reverse 
5’-TGTAGACCATGTTGAGGTCA-3; 
for Bcl6, forward 5’- CACACC-
CGTCCATCATTGAA, reverse 5’- 
TGTCCTC-ACGGTGCCTTTTT-3’; 
for Blimp-1, forward 5’-TTCTCTTG-
GAAAAACGTGTGGG-3’, reverse 
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5’-GGAGCCGGAGCTAGACTTG-3’; 
for IL-6, forward 5’-CTG CAA GAG 
ACT TCC ATC CAG TT-3’, reverse 5’-
GAA GTA GGG AAG GCC GTG G-3’; 
for IL-21, forward  5’- TGCTAGCTC-
CAGCCTCAGTCT-3’; for IL-12, for-
ward  5’- ATGACCCTGTGCCTTG-
GTG-3’ reverse 5’-GAAGCAGGAT-
GCAGAGCTTC-3’; for IFNγ, forward  
5’-GGAATGAGGTTGATCCGTTT-3’ 
reverse 5’-TGCCAGATTCGTATGGT-
GTAA-3’; The RT-PCR analysis was 
detected by an ABI 7900 system (Ap-
plied BioSystems Inc) and the cycling 
parameters were as follows: 95 °C for 
10 minutes, followed by 40 cycles at 95 
°C for 15 seconds and 60 °C for 1 min-
ute. Relative expression of target genes 
were calculated as 2 –ΔΔCt.

Statistical analysis
Data are expressed as the mean ± stand-
ard error of the mean (SEM). Statisti-
cal analysis was performed using one-
way analysis of variance (ANOVA) 
tests and Student’s t-test. The values 
of p<0.05 were considered significant 
(*p<0.05, ** p<0.01 and *** p<0.001).

Results
AD showed indirect effect 
on Tfh cell differentiation 
In order to determine the role of AD 
in the development of Tfh cells, we 
first examined whether AdipoR1 was 
expressed on the surface of Tfh cells. 
Flow cytometry result showed that 
AdipoR1 was expressed on Tfh cells 
(17.7%±3.19%, Fig. 1A). Then we test-
ed whether AD had regulation on Tfh 
cells. However, no change of Tfh cells 
was observed after stimulation with AD 
either in the frequency or absolute num-
ber of Tfh cells (Fig. 1B). To exclude the 
influence of AD in fetal bovine serum 
(FBS), we repeated the above experi-
ment in serum-free, 2% and 5% FBS 
DMEM medium respectively. Similar 
results were observed among the three 
groups (Fig. 1C-D-E). Previous study 
showed that synovial fibroblasts (SFs) 
protected T cells from apoptosis, which 
might had profound effects on the per-
sistence of inflammation in RA (24). 
Frommer et al. revealed that AD could 
upregulate the migration of SFs and 
lymphocytes in RA (25). Therefore, we 

next assessed whether AD could induce 
Tfh cell production via stimulating RA 
FLSs. RA FLSs were firstly stimulated 
by AD for 72h, and then co-cultured 
with HC CD4+ T cells for 72h in a cell-
to-cell contact system. We found that 
the frequency of Tfh cells was remark-
edly upregulated in AD-stimulated 
RA FLSs and CD4+ T cell co-culture 
system, but this phenomenon was in-
dependent of the concentration of AD 
(Fig. 2A). However, there was no dif-
ference in Tfh cell frequency in the 
AD-stimulated OA FLSs and CD4+ T 
cell co-culture system (Fig. 2B). These 
results confirmed that AD had an indi-
rect role in Tfh cell development. 

IL-6 produced by AD-stimulated 
RA FLSs promoted Tfh cell generation
To further explore how AD-stimulated 
RA FLSs enhanced the frequency of 
Tfh cells, AD-stimulated RA FLSs 
were co-cultured with HC CD4+ T 
cells in a transwell system. The result 
showed that there was no difference in 
Tfh cell frequency between cell-to-cell 
contact and transwell system (Fig. 3A), 

Fig. 1. AD had no direct role in Tfh cells development. 
A: The expression of AD receptor1 (AdipoR1) on Tfh cells were detected by flow cytometry (n=3). 
B: HC CD4+ T cells were stimulated with anti-CD3 mAb (5μg/ml, eBioscience) and anti-CD28 mAb (3μg/ml, eBioscience) in different concentrations of 
AD (5μg/ml and 25μg/ml, Peprotech) for 72h. The frequency or absolute number of Tfh cells (CD4+CXCR5+PD-1+ T cells) were detected by flow cytometry. 
C-D-E: HC CD4+ T cells were cultured in 1640 medium (Gibco) with serum-free (C), 2% FBS (D), 5% FBS (E) with different concentrations of AD (5μg/
ml and 25μg/ml, Peprotech) for 72h respectively, then the frequency of Tfh cells were detected by flow cytometry.
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Fig. 2. AD had an indirect role in Tfh cells development. 
A-B: RA FLSs and OA FLSs were firstly stimulated by AD (25μg/ml, Peprotech ) for 72h,  and then co-cultured with HC CD4+ T cells through cell-to-cell 
contact for 72h. The frequency of Tfh cells were detected by flow cytometry. 

Fig. 3. IL-6 produced by AD-stimulated RA FLSs promoted Tfh cell generation. 
A: RA FLSs were firstly stimulated by AD (25μg/ml, Peprotech) for 72h. The supernatant was discarded and the FLSs were washed with PBS twice and then 
co-cultured with HC CD4+ T cells through transwell system for 72h. The frequency of Tfh cells were detected by flow cytometry. 
B: The levels of IL-6, IL-21, IL-27, IFNγ and IL-12 in the supernatants of each group were examined by microarray or ELISA. 
C: Anti-IL-6 antibody (0.5 ug/ml, eBioscience) or/and anti-IL-21 antibody (0.2 ug/ml, eBioscience) were added to the above co-culture system. 
The frequency of Tfh cells was detected by flow cytometry. 
D: RA FLSs transfected with AdipoR1 siRNA were stimulated with AD for 72h. The level of IL-6 in the supernatants were detected by ELISA. 
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indicating that AD-stimulated RA FLSs 
promoted Tfh cell production mainly 
by the secretion of soluble factors. 
Given that no differences in Tfh cell 
frequency were detected through cell-
to-cell contact or transwell system, we 
focused on the soluble factors in AD-
stimulated RA FLSs. Previous study 
showed that the positive regulators such 
as IL-6, IL-21, IFNγ, IL-27 and IL-12 
were critical for Tfh cell differentiation 
(26). Thus, the supernatants of each ex-
periment group were collected and the 
levels of above soluble factors were de-
tected by protein microarray or ELISA. 
Consistent with increased frequency of 
Tfh cells, IL-6 and IL-21 levels were 
significantly enhanced in the superna-
tant of co-culture system (Fig. 3B). IL-
12 and IFNγ levels were only increased 
in cell-to-cell contact system but not 
in the transwell system (Fig. 3B). IL-
27 was below standard in all groups. 
These results suggested that IL-6 and 
IL-21 might be involved in RA FLSs-
mediated promotion on Tfh cells. To 
further confirm that, anti-IL-6 antibody 
or/and anti-IL-21 antibody were added 
to the co-culture system respectively. 
We found that neutralising IL-6 but not 
IL-21 significantly downregulated the 
frequency of Tfh cells (Fig. 3C). To 
find the source of IL-6, RA FLSs were 
stimulated by AD. The IL-6 protein ex-
pression were markedly elevated in the 

supernatant of RA FLSs after stimula-
tion with AD and downregulated after 
interfering with AdipoR1 expression 
on RA FLSs (Fig. 3D). This result indi-
cated that IL-6 was the mainly soluble 
factors by AD-stimulated RA FLSs that 
mediated Tfh cell generation.

Local injection of AD promoted 
Tfh cell expansion in CIA mice
Our previous work had confirmed that 
AD could accelerate bone erosion by 
prompting Th17 cell differentiation and 
enhancing receptor activator of nuclear 
factor-κB ligand (RANKL) expression 
(27). As shown in Fig. 4A-B, local AD-
treated CIA mice exhibited earlier onset 
of arthritis and higher arthritis scores. 
Then we sought to determine whether 
AD could affect Tfh cell generation in 
the joint of CIA mice. Flow cytometry 
showed that the CD4+CXCR5+PD-1+ T 
cells were significantly enhanced in the 
joint of local AD-treated CIA mice com-
pared to untreated CIA mice (Fig. 4C). 
We also found that the mRNA expres-
sion of Tfh cell transcription factors and 
functional factors such as Bcl-6, IL-6, 
IL-21 and IFNγ in the joint were sig-
nificantly upregulated. However, the ex-
pression of Blimp-1 and IL-12 were not 
changed (Fig. 4D). These results sug-
gested that AD was the triggering fac-
tors responsible for enhanced Tfh cell 
production during CIA development.

Discussion
In this study, we first discovered that 
AD had indirect regulation on the de-
velopment of Tfh cells. This process 
was mediated by stimulating RA FLSs 
to secret IL-6. The finding in vitro was 
consistent to the animal results that Tfh 
cell frequency was highly expressed in 
the joint of local AD-treated CIA mice. 
It is reported that the serum concentra-
tions of AD were significantly higher in 
RA patients and positively associated 
with radiographic progression (28, 29). 
But the opposite result showed that in 
RA patients with severe disease, the 
levels of C-reactive protein (CRP) in-
versely correlated with circulating AD 
concentrations (30). This result indi-
cated that high-grade inflammation was 
independently and negatively correlat-
ed with circulating AD concentrations 
in RA. Although there was controversy 
in the role of AD at the systemic level 
of RA, it is regarded that high concen-
trations of AD in the joint and the syno-
vial fluid were correlated closely with 
progressive bone erosion of RA patients 
(16-19). This suggested that a high lev-
el of AD in the joint might contribute to 
synovitis and joint destruction.
AD exerts its inflammatory effect main-
ly by acting on cartilage, synovium, 
bone, and various immune cells (31, 
32). Moreover, Frommer et al. found 
that AD had pathophysiological modu-

Fig. 4. Local injection of AD promoted Tfh 
cells in CIA mice. 
A: Representative photographs of PBS- and 
AD-treated CIA mice. 
B: The frequency of Tfh cells in the joint 
tissue was examined by FACS. 
C: The relative mRNA expression of IL-6, 
IL-21, IL-12, IFNγ, Bcl-6 and Blimp-1 in 
the joint tissue were examined by RT-PCR. 
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lation in RA effector cells, including 
FLSs, lymphocytes, endothelial cells 
and chondrocytes (33). AD exerts its 
function via three receptors: AdipoR1 
which was predominantly expressed 
in skeletal muscle, AdipoR2 expressed 
more abundantly in the liver, and T-cad-
herin, mainly expressed in the cardio-
vascular system (31). In RA, AD plays 
its proinflammatory function mainly 
depending on AdipoR1 (32). In our ex-
periment, the expression of AdipoR1 
was detected on the surface of Tfh cells. 
These data prompted us to test whether 
high concentration of AD could induce 
Tfh cell development. Unexpectedly, 
we did not observe direct effect of AD 
on Tfh cells. These results implied that 
AD might regulate the production of 
Tfh cells through other ways. 
Substantial evidence suggested that 
FLSs carried a variety of innate im-
mune receptors and were able to present 
antigen. In RA, FLSs promoted joint 
destruction via their attachment to car-
tilage and the interaction between FLSs 
and T cells could facilitate T cell recruit-
ment (34, 35). It has been reported that 
AD induced IL-6 production from FLSs 
by binding to the AdipoR1 through acti-
vating the AMP activated protein kinase 
(AMPK)-p38-nuclear factor-κB signal-
ling pathway (36, 37). Our previous 
study demonstrated that AD was highly 
expressed in the inflamed synovial joint 
tissue and correlated closely with pro-
gressive bone erosion in RA patients 
(19). Thus, we sought to explore wheth-
er AD could induce Tfh cell production 
through changing the local joint micro-
environment. As expected, we found 
that AD-stimulated FLSs could promote 
Tfh cell generation. This increase in Tfh 
cells would make B cells receive exces-
sive survival signal and produce self-
reactive antibodies (38-41), such as RF 
and anti-CCP, which are related to dis-
ease activity (42). Therefore, our results 
provided new evidence for a previously 
unrecognised role of AD on Tfh cells in 
RA, although this was an indirect effect. 
Moreover, we found AD upregulated 
Tfh cell production mainly due to the 
secretion of soluble factors IL-6. IL-6 
was a major early inducer of Tfh cell 
differentiation program, which through 
upregulated Bcl-6 protein expression 

(43, 44). Although we also observed 
that supernatant IL-21 levels were 
mildly enhanced and correspond to an 
increase in the proportion of Tfh cells, 
blockade of IL-21 did not change the 
Tfh cell frequency. According to the 
literature, both IL-12 and IFNγ were 
important soluble factors for Tfh cell 
differentiation (8, 11). In our experi-
ment, we observed that supernatant 
levels of IL-12 and IFNγ, especially 
IFNγ, were only increased in cell-to-
cell contact system but not in the tran-
swell system (Fig. 3B). Furthermore, 
the low levels of IL-12 and IFNγ in the 
supernatant of transwell system were 
not in accord with high Tfh cell propor-
tion in the transwell group (Fig. 3A), 
suggesting that both IL-12 and IFNγ 
could only be induced by cellular inter-
action and were not the major soluble 
factors involved in the process of Tfh 
cell generation in RA. 
Taken together, it is possible that the 
high level of AD changed the local 
microenvironment of the joint that fa-
vours Tfh cell development in RA, sug-
gesting that AD might serve as a poten-
tial therapeutic target for the treatment 
of RA.
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