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Abstract
Immunoglobulin IgD might play an important role in autoimmune diseases, but the function of IgD has remained elusive, despite 
multiple attempts to define its biological function.  Fibroblast-like synoviocytes (FLSs) are specialized cells of the synovium that play a 
key role in the pathogenesis of rheumatoid arthritis (RA). In this study we explored the possible roles of excessive IgD expression on 
the function of FLSs from RA patients (RA-FLSs). We showed that IgD Fc receptor (IgDR) was constitutively expressed on FLSs, and 
was significantly elevated in RA-FLSs compared with FLSs prepared from synovial tissues of healthy controls (HC-FLSs). Furthermore, 
IgDR was mainly detected on the cell surface and in the cytoplasm. We further detected the intrinsic binding affinity of IgD to IgDR on 
HC-FLSs with an equilibrium dissociation constant (KD) of 0.067 nmol/L. Incubation of RA-FLSs with IgD (1–10 μg/mL) for 48 h dose-
dependently promoted the expression of IgDR, and stimulated the production of inflammatory cytokines and chemokines, such as 
IL-1β, IL-6, monocyte chemotactic protein (MCP)-1, TNF-α and receptor activator of nuclear factor-κB ligand (RANKL), thus potentially 
contributing to IgD-IgDR crosslinking. Moreover, incubation with IgD (0.1–10 μg/mL) for 48 h dose-dependently enhanced viability for 
both HC-FLSs and RA-FLSs. Our results demonstrate that IgDR is expressed on RA-FLSs and contributes to the activation of FLSs, and 
suggest that IgD-IgDR is a potential novel immunotherapeutic target for the management of RA.
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Introduction
The immunoglobulin IgD can be expressed as membrane 
IgD (mIgD) representing one of two B cell receptors with an 
attached signaling machinery or can be secreted as an antibody 
(sIgD)[1].  IgD has been found to be increased in several dis-
eases, such as IgD myeloma, tuberculosis, chronic obstructive 
pulmonary diseases, Hodgkin’s disease, hyper IgE and hyper 
IgD syndromes[2].  Furthermore, sIgD levels are increased 
in autoimmune disorders such as rheumatoid arthritis (RA) 
and systemic lupus erythematosus (SLE)[1-4].  However, high 
expression of sIgD is associated with increased protein-like 
sediments and cell necrosis in the kidney, spleen and liver in 
transgenic mice[5].  Recent studies have suggested that IgD 

might play an important role in autoimmune diseases, and 
the function of IgD has remained elusive since its discovery, 
despite multiple attempts to define its biological function.

Many lymphoid and non-lymphoid cells express surface 
membrane receptors, and many studies have focused on specific 
structures located in the constant region of immunoglobulin 
molecules (FcR)[6], such as immunoglobulin A (IgA), IgE, IgG, 
and IgM.  Surprisingly, an Fc receptor specific for IgD (FcδR or 
IgDR) has been suggested to exist on T cells[7]; however, early 
attempts to detect its expression have produced variable and 
conflicting results[8].  Through quantitative immunofluorescence 
techniques, binding of IgD to T cells and basophilic cell lines has 
been demonstrated, and an increase in δ+ T cells in vivo has also 
been observed, thus suggesting that a putative IgDR on T cells 
may play a role regulating IgD[2, 4, 9].  Recently, our group has 
reported further evidence of the existence of an IgDR, demon-
strating that human IgD antibody induces cell proliferation in 
the human Burkitt lymphoma B cell line, Daudi, potentially 
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by activating the putative IgDR and consequently initiating 
a tyrosine phosphorylation signaling cascade that accelerates 
the G1/S transition[10].  Furthermore, we have reported that 
in RA patients, the levels of sIgD, mIgD and IgDR are higher 
than those in healthy controls, and after treatment with IgD 
antibodies, the expression of IgDR on peripheral T and B cells 
significantly increases, thereby possibly contributing to RA 
pathogenesis[11].

RA is a chronic inflammatory autoimmune disease charac-
terized by synovial hyperplasia and chronic inflammation.  
A marked increase in macrophage-like and fibroblast-like 
synoviocytes (FLSs) in the synovial membrane and the accom-
panying inflammatory infiltration of other immune cells such 
as synovial macrophages result in bone erosion and joints 
destruction.  Accumulating evidence indicates that activated 
FLSs in RA patients contribute to joint destruction, and the 
possible roles of excessive IgD expression on the function of 
FLSs from RA patients (RA-FLSs) are discussed in this work.  
The expression of IgDR has been described on CD4+ and CD8+ 
T cells in mice and humans[1, 3, 11].  However, the role of IgDR 
on cells of the synovial infiltrate has not yet been studied.  
Therefore, we investigated the expression of IgDR in RA-FLSs 
and explored the effects of IgD.  We identified IgD-binding 
IgDR as a ~70 kDa protein complex that was detected on FLSs 
by using flow cytometry and confocal laser scanning micros-
copy.  Studies of the binding properties indicated that human 
IgD bound to IgDR with an equilibrium dissociation constant 
(KD) of 0.067 nmol/L.  Furthermore, we found that IgD sig-
nificantly promoted the viability of FLSs, induced cytokines/
chemokine secretion and increased the expression of IgDR in 
FLSs, thus potentially contributing to RA pathogenesis.

Materials and methods
Reagents
Human IgD was purchased from Abcam (Cambridge, MA, 
USA).  Biotinylated IgD was prepared in our laboratory with 
a protein biotinylation kit from Pierce Biotechnology (Rock-
ford, IL, USA), according to the manufacturer’s instructions[12].  
APC-Cy7 conjugated streptavidin, PE conjugated anti-IgD 
antibody and IgG1 isotype control were purchased from BD 
Pharmingen (San Diego, CA, USA).

Preparation and culture of FLSs
Human synovial membranes were obtained from patients 
with RA undergoing arthroscopy.  The diagnosis of RA con-
formed to the American College of Rheumatology revised 
criteria from 1987[13].  Normal knee tissues were obtained from 
donors undergoing traumatic surgery.  Synovial tissues were 
minced and digested with type IA collagenase for 3 h, filtered, 
extensively washed and then cultured in DMEM contain-
ing 20% fetal bovine serum (FBS, Sigma-aldich, MO, USA) at 
37 °C in a humidified atmosphere of 5% CO2.  At confluence, 
adherent cells were trypsinized, split in a 1:3 ratio, and re-
cultured in medium[14].  The spindle-shaped cells at passage 3 
were used in subsequent experiments, during which time they 
were a homogeneous population of FLSs.  The study protocol 

was carried out in accordance with the Declaration of Helsinki 
(2008) and was approved by the Ethics Committee of Anhui 
Medical University.  Written informed consent was obtained 
from each participant before the start of the study.

Flow cytometry analysis
Expression of IgDR was detected by treatment of FLSs with 
biotinylated IgD.  For detecting IgD binding receptors, a total 
of 1×106 cells were washed twice with PBS and incubated with 
1 µg of biotinylated IgD for 30 min at room temperature (RT).  
After washing, APC-Cy7 conjugated streptavidin was added, 
and cells were incubated for an additional 30 min on ice and 
washed again.  Cells stained with APC-Cy7 conjugated strep-
tavidin alone were used as an isotype control.  For assessment 
of IgD, a total of 1×106 cells were washed twice with PBS and 
incubated with PE conjugated anti-IgD antibodies for 30 min 
at RT, and the IgG1 isotype control was also matched.  To 
determine the ability of IgD to induce the expression of IgDR, 
FLS were stimulated with IgD for 48 h or were left unstimu-
lated.  After incubation, expression of IgDR was detected with 
biotinylated IgD followed by APC-Cy7 conjugated streptavi-
din.  Data were acquired on a FC 500 flow cytometer (Beck-
man Coulter Ltd, CA, USA ) and analyzed with CXP analysis 
software (Beckman Coulter Ltd, CA,  USA).

Confocal microscopy analysis
FLSs were plated on coverslips and fixed with 4% paraformal-
dehyde for 20 min at RT.  Then, cells were permeabilized with 
0.2% Triton X-100 for 10 min at RT and washed with PBS three 
times.  After being blocked with 1% BSA in PBS for 1 h at RT, 
biotinylated IgD was added, and cells were incubated over-
night at 4 °C.  After being washed with PBS three times, cells 
were stained with streptavidin labeled APC-Cy7 secondary 
antibody for 2 h at 37 °C.  Cells were then washed with PBS 
buffer three times.  When the coverslips were dry, a mounting 
solution containing DAPI (Vector Laboratories, Inc, Burlin-
game, CA, USA) was applied, and images were taken using a 
SP8 confocal laser scanning microscope (Leica, Wetzlar, Ger-
many).  The expression of IgDR was quantitatively analyzed 
using ImageJ software.

Fluorescence based receptor binding assay and Scatchard analysis
Protocols were used to evaluate the intrinstic binding affinity 
of fluorescence labeled IgD antibody to IgD on IgDR in FLSs.  
Binding of IgD for detection by flow cytometry was done as 
described below.  Various concentrations of IgD (0.003, 0.01, 
0.03, 0.1, 0.3, 1, 3, 10 μg/mL) were used.  Maximal binding of 
IgD was observed on FLS in 6-well microtiter plates at 1×106 

cells/well, incubated at 37 °C for 2 h in fresh medium (with 
0.1% BSA), then cells were washed three times with PBS at RT, 
then with buffer appropriate to the assay.  Binding of IgD was 
detected with PE conjugated anti-IgD antibody, and IgG1 iso-
type control was used to calculate non-specific binding.  The 
binding of IgD to the anti-IgD antibody was analyzed by using 
flow cytometry.  To measure the affinity of the fluorescent 
ligand IgD, the intensity values corresponding to the maximum 
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of fluorescence emission were plotted against the total ligand 
concentrations.  The ligand binding properties were evaluated 
by using the fluorescence intensities, assuming that the protein 
was 100% active, with a stoichiometry of 1:1 (protein:ligand) at 
saturation.  The curves were made linear by using Scatchard 
Plots.  The KD values for IgD protein were calculated[15, 16].

Western blot
FLSs were added to 6-well microtiter plates at 1×106 cells/well, 
stimulated with IgD (1, 3, 10 µg/mL) for 48 h and incubated at 
37 °C with 5% CO2.  After culture, FLSs were lysed and centri-
fuged at 2000×g for 20 min at 4 °C.  The supernatants of cultures 
were recollected and kept frozen at -80 °C until use.  Protein 
samples were fractionated through 10% SDS-polyacrylamide gel 
electrophoresis and transferred onto polyvinylidene fluoride 
(PVDF) microporous membranes (Bio-Rad, Shanghai, China).  
After membranes were blocked with blocking buffer (0.05% 
Tween 20-PBS with 5% non-fat milk) at 37 °C for 2 h, biotinyl-
ated IgD was used as a primary antibody to IgDR and incu-
bated overnight at 4 °C.  Subsequently, cells were treated with 
HRP-conjugated streptavidin as a secondary antibody (Beyotime 
Institute of Biotechnology, Beijing, China) at 37 °C for 2 h.  Immu-
nodetection was performed using enhanced chemiluminescence 
reagent, according to the manufacturer’s instructions.  Equiva-
lent protein loading and transfer efficiency were verified by 
staining for β-actin.  GSM-3.0 gel graph analyzing system was 
used to calculate the numerical value of every blot.

FLSs viability assay
FLSs of human obtained, as described above, were added to 
96-well microtiter plates at 2×104 cells/well in DMEM with 
10% FBS.  FLSs were stimulated with IgD (0.1, 0.3, 1, 3, 10 
µg/mL) for 24, 48, or 72 h in 96-well plates (each group in trip-
licate wells) and incubated at 37 °C under 5% CO2.  For each 
experiment, control cells were treated with medium only.  A 
Cell Counting Kit-8 (WST-8; Dojindo Laboratories, Kumamoto, 
Japan) was used to explore the effects of IgD on FLS viability.  
Moreover, 10 µL of WST-8 solution was added per well after 
co-culture.  Blank controls included 100 µL of DMEM and 
10 µL of WST-8 solution in triplicate wells[17].  The cells were 
incubated for 4 h at 37 °C, 5% CO2, and the absorbance at 450 
nm was measured colorimetrically on an Elx-808 microplate 
reader (BioTek, VT, USA), according to the manufacturer’s 
protocol.  Proliferative responses were expressed as a stimula-
tion index (SI), wherein the SI was equal to the absorbance at 
450 nm in cells cultured with IgD divided by the absorbance 
in cells cultured with medium alone.

Cytokine and chemokine assays
FLSs were stimulated with IgD (0.1, 0.3, 1, 3, 10 µg/mL) for 
48 h in 24-well plates and incubated at 37 °C under 5% CO2.  
The levels of inflammatory cytokines and chemokines, includ-
ing (IL-1α, IL-1β, TNF-α, IL-6, IL-10, IL-8, IL-4, INF-γ,  IL-13, 
and monocyte chemotactic protein (MCP)-1, in FLS superna-
tants were measured by using a quanti body human inflam-
mation array 1 (RayBiotech, Norcross, USA).  In addition, 

simultaneous quantification of the cytokines was performed 
on a GenePix 4000B microarray scanner (Molecular Devices, 
CA, USA).  Human receptor activator of nuclear factor-κB 
ligand (RANKL) in supernatant samples was determined 
using the ELISA method (CUSABIO, Wuhan, China), accord-
ing to the manufacturer's instructions.

Statistical analysis
Statistical analysis was performed with analysis of variance 
(ANOVA) in SPSS 11.5 software (SPSS, Inc, Chicago, IL, USA).  
ANOVA was used exclusively for multigroup comparisons.  
Parametric or nonparametric tests were used according to 
the normality of the distribution.  Data are presented as the 
mean±standard error of the mean (SEM) unless otherwise 
indicated.  Differences with P values less than 0.05 were con-
sidered statistically significant.

Results
IgDR is constitutively expressed on FLSs
Flow cytometry was performed to identify the expression 
of IgD and IgDR on FLSs.  As shown in Figure 1A, 8.7% of 
RA-FLSs and 3.4% of HC-FLSs were positively stained with 
biotinylated IgDR.  The expression of IgDR was indicated 
by histograms.  Additionally, mIgD was undetectable on the 
surface of FLSs (Figure 1B).  We further characterized the 
subcellular localization of IgDR in RA-FLSs and healthy con-
trols (HC-FLSs) by confocal immunofluorescence microscopy 
(Figure 1C).  As expected, IgDR was primarily localized on the 
cell membrane and in the cytoplasm.  The mean fluorescence 
intensity (MFI) of IgDR was higher on of RA-FLSs than on 
HC-FLSs (0.0419±0.007 vs 0.0117±0.001, P=0.005, Figure 1D).

Dose-dependent binding between IgD and IgDR
To determine whether the observed binding of IgD to IgDR 
on FLSs showed characteristics of receptor-ligand interac-
tion, we determined receptor saturation and affinity of bind-
ing.  The affinity of human IgD was detected with PE conju-
gated anti-IgD antibody.  Binding of IgD to IgDR expressed 
on HC-FLSs was also determined with IgD as ligands.  Our 
findings indicated that binding between IgD and IgDR was 
concentration-dependent (Figure 2A).

Binding affinity
We estimated the IgD binding affinity by using a fluorescence 
based receptor binding assay.  The specific binding vs IgD 
concentration was determined (Figure 2A).  The Scatchard line 
transformed from the specific binding data was plotted (Fig-
ure 2B).  Bmax and KD values were calculated through Scatchard 
plot analysis as shown in Figure 2B.  Moreover, the KD value 
was 6.7×10-11 mol/L, which corresponded to a high-affinity 
binding, whereas the Bmax value was 6215 arbitrary units/104 
cells (Figure 2B).

IgD stimulated IgDR expression in RA-FLSs
To examine whether IgD stimulated the expression of IgDR, 
flow cytometry and western blotting analysis were performed 
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on RA-FLSs after they were co-cultured with IgD for 48 h.  As 
shown in Figure 3A, the MFI of IgDR on the surface of FLSs 
was upregulated in the presence of increasing IgD concentra-
tion (Figure 3B).  Western blot analysis showed increased lev-
els of IgDR in the 70 kDa band after IgD stimulation (Figure 
3C and 3D), a result consistent with the flow cytometry results.

IgD enhanced FLSs viability
To determine the effect of excess IgD on the viability of the 

FLSs, RA-FLSs and HC-FLSs were cultured under different 
concentrations of IgD for various times before viability was 
measured.  As expected, the viability of FLSs was increased 
in response to treatment with IgD.  As shown in Figure 4 and 
Table 1, for RA-FLSs, IgD enhanced the viability of FLSs in 
a concentration-dependent manner after 48 h of treatment 
(P<0.05), with an EC50 value of 4.243 µg/mL (R2=0.897).  After 
72 h, enhanced viability was still significant (P<0.05), and the 
EC50 values were 3.316 µg/mL (R2=0.836).  These results sug-

Figure 1.  Expression of IgD and IgDR on FLSs.  The expression of IgDR (A) and mIgD (B) was determined by flow cytometry and is indicated by 
the filled histograms.  MFI: Mean fluorescence intensity.  (C) Subcellular localization of IgDR in RA-FLSs and HC-FLSs, determined by confocal 
immunofluorescence microscopy.  Colocalization was confirmed when the images were merged (right panel).  Isotype matched control primary antibody 
staining is also shown in C (first line).  (D) Quantification of IgDR expression by confocal microscopy analysis.  Data represent the mean±SEM (n=4).
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gested that the optimal stimulation time was 48 h, and the 
optimal stimulation concentration ranged from 1 to 10 µg/mL.  
In addition, we measured the effect of IgD stimulation on RA-
FLSs and HC-FLSs and found that IgD slightly enhanced RA-
FLS viability after 24 h, whereas it had no significant effect on 
HC-FLSs.  To a lesser extent, the viability of HC-FLSs was also 
increased after cultured with IgD for 48 h.  Together, these 
results demonstrated that RA-FLSs are more sensitive to IgD 
than HC-FLSs are.

IgD stimulated cytokine and chemokine secretion in RA-FLSs
To further characterize the effects of IgD on RA-FLSs, we used a 

cytokine/chemokine antibody-based array to measure protein 
secretion by FLSs that were cultured in the presence or absence 
of IgD.  Compared with that in unstimulated cells, secretion of 
IL-1β, IL-6, MCP-1 and TNF-α was significantly induced by IgD 
(10 µg/mL) (P<0.05), and secretion of RANKL was significantly 
induced by IgD (1 µg/mL) (P<0.01) (Figure 5).

Discussion
In RA, FLSs play an important role in responding to a pro-
inflammatory environment, such as that associated with infil-
tration of lymphocytes and dendritic cells.  In addition, FLSs 
in RA can act as an effector cell population that participates in 
synovial inflammation and joint destruction[18].

The immunoglobulin IgD accounts for approximately 1% of 
the normal serum immunoglobulins and may be involved in 
different immunological mechanisms[1, 4, 19, 20].  Receptors for the 
Fc portion of immunoglobulin molecules have been described 
on a number of lymphoid cells in mammals, including T cells, 
B cells and monocytes/macrophages[21, 22].  Coico et al have 
identified IgDR-positive T cells by developing a rosetting 
assay[7], and their results have indicated that IgD is a ligand for 
IgD-specific receptors.  In contrast to IgG and IgE receptors, 
the structural and functional characteristics of the IgD receptor 
remain unknown because the gene encoding the IgD recep-
tor has not yet been identified.  Although accumulating evi-
dence indicates that activated FLSs are key players in RA joint 
destruction, the roles of IgD and IgDR expression on FLSs have 
not been described.  In this study, biotinylated IgD and flow 
cytometric analysis was used to detect the expression of IgDR 
on human FLSs[11].  We demonstrated that IgDR, not mIgD, was 
expressed on the surfaces of FLSs.  Furthermore, we confirmed 
the subcellular localization of IgDR in FLS and showed that 
expression of IgDR was higher on RA-FLSs than on HC-FLSs.

To investigate whether IgD binding to FLSs had the char-
acteristics of a receptor-ligand interaction, we established a 
fluorescence based receptor binding assay based on a radioac-
tive ligand receptor binding assay and using a fluorescence 
labeled antibody[15, 23, 24].  We found that after shorter periods 
in culture, human FLSs bound IgD in a manner characteristic 
of receptor-ligand interactions.  The binding affinity of IgD to 
IgDR on RA-FLSs was found to be high (KD=0.067 nmol/L) 
and similar to the KD for binding to T cells (data not shown).  
In fact, the binding affinity of IgD was similar to the KD for 
binding of canakinumab to IL-1β in RA patients (KD=0.227 
nmol/L)[25] and was 800 times higher than that reported for 

Figure 2.  Ligand binding assays.  HC-FLSs expressing IgDR were 
incubated with human IgD for 2 h at 37 °C and washed three times.  
The cells with bound fluorescent ligands were determined by flow 
cytometry.  Values for nonspecific binding, determined by isotype control, 
were subtracted.  Data are plotted as Scatchard analyses and are 
representative of several independent experiments, n=4.  (A) The specific 
binding vs IgD concentrations was plotted.  (B) The Scatchard line was 
transformed from the specific binding values.  Bmax and KD values were 
calculated by Scatchard plot analysis. 

Table 1.  Comparison of stimulating effect of IgD on FLSs between RA patients and healthy controls.

Group	 RA- FLSs	 HC-FLSs	 RA-FLSs	 HC-FLSs	 RA-FLSs	 HC-FLSs

Time (h)	 24	 48	 72

EC50 (µg/mL) of IgD	 66.3	 -	 4.243	 6.674	 3.316	 5.242
95% Confidence intervals	 6.156–715.8	 -	 3.287–5.476	 5.244–8.495	 2.211–4.975	 4.016–6.843
R2	 0.519	 0.096	 0.897	 0.880	 0.836	 0.899
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human IgG1 (KD=528 nmol/L)[26].
In recent studies, we have found that the serum level of 

sIgD from RA patients was significantly higher (91.93 μg/mL) 
than that from healthy controls (19.8 μg/mL).  Moreover, 
these findings indicate that increased sIgD may play an 
important role in the pathogenesis of RA.  Among the vari-

ous pathological mechanisms that affect the synovium of RA, 
FLSs have been reported to play an important role in both 
the propagation of inflammation and joint damage[27, 28].  FLSs 
induce the activation and accumulation of inflammatory cells 
and secreted growth factors, thus promoting angiogenesis[29].  
In addition, RA-FLSs proliferate and migrate from the affected 

Figure 3.  Effect of IgD on the expression of IgDR on RA-FLSs.  RA-FLSs were stimulated with 0.1, 0.3, 1, 3, 10 µg/mL of IgD for 48 h.  (A) Dose 
dependent induction of IgDR expression on FLSs was assayed by flow cytometry.  MFI: Mean fluorescence intensity.  (B) Bar graphs show quantitative 
evaluation of expression of IgDR by MFI.  (C) Expression of IgDR in FLSs was assayed by Western blotting.  (D) Bar graphs show quantitative evaluation 
of expression of IgDR by densitometry.  Data represent the mean±standard error of the mean (n=3).  *P<0.05, **P<0.01 vs control. 
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synovium to healthy synovium[30].  Our flow cytometry and 
western blot results showed that IgD significantly increased 
the expression of IgDR in RA-FLSs.  Further studies are neces-
sary to investigate whether increased IgD may influence the 
function of FLSs and whether IgD might promote the patho-
logical process in RA via upregulation of IgDR expression.

We have previously shown that IgD stimulation improves 
viability and promotes IgDR expression in Daudi cells and 
human PBMCs[10, 11].  Indeed, we found that IgD enhanced the 
viability of human FLSs in a concentration-dependent man-
ner.  Moreover, the stimulation of viability of RA-FLSs by IgD 
was stronger than that of HC-FLSs at the same time point.  
In addition, the response of RA-FLSs to IgD was accelerated 
compared with that in HC-FLSs.  These results indicated a 
close relationship between the response to IgD and expression 
of IgDR, thus suggesting that IgD-IgDR participates in joint 
destruction in RA.

Upon synoviocyte activation, several pro-inflammatory 
cytokines are essential for the development of RA[31].  FLSs are 
key cells of the invasive synovium that may induce inflam-
mation by activating cytokine and chemokine production[14].  
Cytokines, such as IL-1β, IL-6 and TNF-α, stimulate RA-FLS 
invasion and increase the production of matrix metallopro-
teinases (MMPs), thus aggravating synovial inflammation and 
resulting in joint destruction[32].  By secreting CCL2 (MCP-1), 
activated resident synoviocytes recruit monocytes into the 
joints, thereby initiating inflammatory responses[33].  The 
immunoglobulin IgD has been shown to enhance the release 
of various pro-inflammatory cytokines from human PBMCs, 
including IL-6, IL-1 and TNF-α, in vitro[4, 11, 34].  Additionally, it 
enhances IL-6 release by KU812 cells[2].  To our knowledge, the 
action of IgD on cytokine and chemokine release by RA-FLSs 
has not been investigated.  In this study, IL-1β, IL-6, TNF-α 
and MCP-1 were found to be released from activated FLSs in 
RA patients and appear to be the important participants in the 
pathophysiology of RA after treatment with IgD.  How does 
IgD influence the function of FLSs? There are several pos-
sible explanations: first, IgD modulates the function of FLSs 

via interaction with IgDR.  However, the signaling pathways 
downstream of IgDR on FLSs are still unknown.  Second, IgD 
modulates the function of FLSs by upregulating the produc-
tion of TNF-α, IL-1β, and IL-6. In turn, IL-1β promotes prolif-
eration by MAPK and NF-κB activation[35-37] while increasing 
the production of IL-1β, IL-6, and RANKL.  IL-6 stimulates 
RANKL expression through IL-6/IL-6R/JAK pathway[38].  In 
RA patients, we have previously reported that IgD concen-
tration is correlated with serum RANKL concentration[11].  
The inflamed synovium is an optimal microenvironment for 
RANKL activation, which is essential for the differentiation of 
monocyte/macrophages into mature osteoclasts[39].  In patients 
with RA, FLSs have been shown to produce RANKL, which 
may promote osteoclast development[40].  Our present results 
showed that RANKL may be a key molecule downstream 
of the IgD-IgDR signaling pathway.  IgD might enhance the 
level of RANKL in RA thereby leading to osteoclastogenesis 
at the site of pannus formation in the RA synovium.  Further 
elucidation of IgDR and its signaling pathway is necessary to 
provide a clearer understanding of the molecular mechanisms 
by which FLS activation is regulated.

Our results suggested that excessive IgD in RA may enhance 
viability and cytokine/chemokine release by FLSs and 
improve FLS activation via cross-linking with IgDR.  There-
fore, the IgD-IgDR interaction may be a promising target for 
development of therapeutic agents for RA treatment.
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