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BAFF, involved in B cell activation through the NF-κB
pathway, is related to disease activity and bone destruction
in rheumatoid arthritis
Ling-ling Zhang1, Hui Xiao2, Feng Zhang1, Yu-jing Wu1, Jin-ling Shu1, Ying Li1, Yu Tai1, Sheng-qian Xu2, Jian-hua Xu2 and Wei Wei1

B cell activating factor of TNF family (BAFF) is a member of TNF ligand superfamily and plays a key role in B cell homeostasis,
proliferation, maturation, and survival. In this study, we detected BAFF level, the expressions of BAFF receptors and important
molecules in NF-κB pathway in rheumatoid arthritis (RA) patients and analyzed the correlation between BAFF level and clinical
variables, laboratory parameters or X-ray scores in order to elucidate the roles of BAFF in RA. A total of 50 RA patients and 50
healthy controls (HCs) were enrolled. We showed that the serum BAFF level in RA patients was significantly higher than that of HCs,
and the percentages of B cell subsets (CD19+ B cells, CD19+CD27+ B cells, CD19+CD20+CD27+ B cells, and CD19+CD20−CD27+

B cells) in the serum of RA patients were significantly increased compared with those of HCs. The percentages of CD19+BAFFR+

B cells, CD19+ BCMA+ B cells, and CD19+ TACI+ B cells in RA patients were significantly increased compared with those in HCs. The
expression of important molecules in the NF-κB pathway (MKK3, MKK6, p-P38, p-P65, TRAF2, and p52) was significantly higher in RA
patients than in HCs, but p100 level in RA patients was lower than that in HCs. The serum BAFF level was positively correlated with
C-reactive protein, rheumatoid factor, disease activity score (in 28 joints), swollen joint counts, tender joint counts, and X-ray scores.
When normal B cells were treated with BAFF in vitro, the percentages of the B cell subset and the expression of BAFF receptors
were significantly upregulated. BAFF also promoted the expression of MKK3, MKK6, p-P38, p-P65, TRAF2, and p52. In conclusion,
this study demonstrates that BAFF level is correlated with the disease activity and bone destruction of RA. BAFF is involved in the
differentiation, proliferation, and activation of B cells in RA through NF-κB signaling pathway, suggesting that BAFF might be an
ideal therapeutic target for RA.
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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune
disease characterized by swelling, pain, and stiffness of joints,
resulting in progressive joint destruction and loss of function
[1–4]. RA is more common in women, and ~1% of adults aged 35
and 2% of adults aged 60 are affected. As an extremely disabling
disease, RA limits mobility, hampers work, and reduces quality of
life [5]. At present, the pathogenesis of RA is still unclear, although
complex immune mechanisms contribute to RA. B cells have been
considered to play a role in RA pathogenesis since the discovery
of rheumatoid factor (RF) and anti-cyclic citrullinated peptide
(anti-CCP) antibodies [6].
Specificity surface markers, including various clusters of

differentiation (CD) molecules, are expressed during B cell
differentiation [7]. CD19 is a characteristic marker of B cells.
Overexpression of CD19 leads to excessive activation of B cells
after antigen stimulation [8]. CD20 is expressed on all B cell
lineages except for pro-B cells and plasma cells and can

significantly prolong B cell survival [6, 9]. CD27 is widely
expressed on all memory B cells and plasma cells [10, 11]. B cells
may drive autoimmune disorders through autoantibody-
secreting plasma cells, the formation of immune complexes,
the production of proinflammatory cytokines and immunoglo-
bulins, acting as antigen-presenting cells, and the regulation of
T cell differentiation and activation in autoimmune diseases
[12, 13].
B cell activating factor of TNF family (BAFF) is a member of the

TNF ligand superfamily and plays a key role in B cell homeostasis,
proliferation, maturation, and survival [14]. The BAFF level might
be an important factor in setting B cell thresholds to determine
naive B cell selection [15]. BAFF also regulates T cell function by
providing costimulatory signals [16]. Serum immunoglobulin
levels in BAFF-transgenic mice were elevated [17]. High levels of
serum BAFF and synovial fluid BAFF were detected in RA patients
[14, 18, 19]. Elevated BAFF levels in early RA patients are related to
autoantibody levels and synovitis [20].
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BAFF has three receptors, including BAFF receptor (BAFF-R),
transmembrane activator and calcium modulator and cyclophi-
lin ligand interactor (TACI), and B cell maturation antigen
(BCMA). In humans, BAFF-R is widely expressed in all B cells.
BAFF-R is a crucial receptor for mature B cells and regulates
B cell proliferation and survival in CIA rats [21, 22]. TACI is
expressed in CD27+ memory B cells, plasma cells, and certain
subsets of naive and activated B cells. BCMA is expressed in
tonsillar memory B cells, germinal center (GC) B cells, and
plasma cells [15, 21, 23]. The expression of BAFF-R contributes to
disease progression in RA. TACI is elevated since the first week of
RA onset [19].
BAFF activates noncanonical and canonical NF-κB signaling

pathways through binding to BAFF-R, which results in the
expression of a series of downstream genes involved in B cell
survival [24]. BAFF-R is specific for BAFF and is the primary
receptor for transmitting BAFF-dependent B cell survival signals
[25, 26]. BAFF-R upregulates CD19 expression in the noncanonical
NF-κB pathway, which enhances BCR signaling and p100
production [23, 27]. Tumor necrosis factor receptor-associated
factor 2 (TRAF2) is a multifunctional regulator of NF-κB activation
[28]. TRAF2 and TRAF3 suppress p52 activation, gene expression,
and survival in mature B cells in a cooperative manner. Binding of
BAFF to BAFF-R reversed the suppression of B cell survival
mediated by TRAF2-TRAF3 by triggering the depletion of TRAF3
protein, resulting in the activation of alternative NF-κB signaling
pathways [29]. BAFF-R is a potent activator of the noncanonical
NF-κB pathway and is responsible for the signaling process of
p100/52 to activate p52 in B cells [22]. B cells lacking p52 or other
critical upstream activators display greatly impaired survival and
maturation in vivo [30]. In addition, BAFF-R binding to BAFF can
lead to the phosphorylation of IκB, PI3K/AKT, and p38 [31, 32].
In the present study, we detected BAFF levels, the expression of

BAFF-R and important molecules in the NF-κB pathway in RA
patients and analyzed the correlation between BAFF levels and
clinical variables, laboratory parameters or X-ray scores to
demonstrate the roles of BAFF in RA.

MATERIALS AND METHODS
Study population
Fifty consecutive patients (forty-three women and seven men, mean
age 57.87 ± 11.85 years) who fulfilled the American College of
Rheumatology (ACR) 1987 revised criteria for RA were included [33].
All experiments were approved by the Ethics Review Committee
for the Experimentation of the Institute of Clinical Pharmacology,
Anhui Medical University. Participants were allowed to obtain
baseline examinations during entry. Clinical evaluations included
swollen joint counts (SJC) and tender joint counts (TJC), pain,
patient’s global assessment of disease activity (PGA) and evaluator
global assessment of disease activity (EGA), joint function, disease
activity score in 28 joints (DAS28) and health assessment
questionnaire score (HAQ). Laboratory parameters included erythro-
cyte sedimentation rate (ESR), C-reactive protein (CRP), anti-CCP
antibodies, RF, serum immunoglobulin (IgA, IgE, IgD, IgM, IgG1, IgG2,
IgG3, IgG4) levels, and serum cytokine (BAFF, IL-1α, IL-1β, IL-6, IL-8,
TNF-α, IFN-γ, MCP-1, IL-4, IL-10, IL-13) levels. Fifty healthy controls
(HCs) were given as controls.
Pain, PGA, and EGA were evaluated by visual analog scale (VAS)

from 0 to 10 cm (0= good, 10= bad). SJC and TJC were counted.
Joint function was graded from 1 to 4: 1= all kinds of activities are
not limited; 2=moderate activities are limited; 3=movement is
obviously restricted; 4= cannot provide life care for oneself. X-ray
was graded from 0 to 4: 1= osteoporosis, or soft tissue swelling
surrounding the affected joint, or joint space narrowing; 2=
osteoporosis, mild cartilage and bone erosion, and joint space
narrowing; 3= severity cartilage and bone erosion, and joint
space narrowing, joint subluxation or dislocation; 4= joint

deformity and stiffness, and severity cartilage and bone erosion,
joint space disappearance. HAQ was graded from 0 to 3: 0=
without difficulty; 1=moderate difficulty, 2= difficulty; 3=
cannot be performed. DAS28 was calculated using the following
equation:
DAS28= 0.56 × sqrt TJC+ 0.28 × sqrt SJC+ 0.7 × In (ESR)+

0.014 × PGA

Samples
Peripheral blood samples of RA patients and HCs were collected
from the Department of Rheumatology and Immunology, First
Affiliated Hospital, Anhui Medical University. All samples were
centrifuged at 1600 × g for 15 min for serum.
For laboratory measurements, anti-CCP antibodies were mea-

sured by an enzyme-linked immunosorbent assay (ELISA) using
commercially available test systems, with positive anti-CCP value
defined above 12 IU/mL. The RF was measured by ELISA using
commercially available test systems and considered positive
above a cutoff value of 20 IU/mL [34]. CRP was tested by the
Latex-Enhanced Turbidimetric Assay using a CRP test kit, and the
result was considered positive at a cutoff level above 10mg/L. ESR
was tested by Westergren Assay and considered positive above
20mm/h.

Serum levels of BAFF
The levels of BAFF in the serum of RA patients and HCs were
detected by using ELISA kits (R&D Systems) following the
manufacturer’s instructions. Briefly, 96-well plates were coated
with mouse anti-human BAFF (100 µL) at 4 °C overnight. Diluted
serum samples (100 µL/well) were incubated at room temperature
for 2 h. Then, 96-well plates were washed three times, and the
detection antibody was added into the well and incubated for 2 h.
Streptavidin-horseradish peroxidase (HRP) was added to the well
and incubated for 20 min. Substrate solution was added into each
well and incubated for 20 min, and then stop solution was added
into each well. The optical density was measured at 450 nm. All
samples were run in triplicate.

Serum levels of immunoglobulins and cytokines
Immunoglobulins (IgA, IgE, IgD, IgM, IgG1, IgG2, IgG3, IgG4) and
cytokines (IL-1α, IL-1β, IL-6, IL-8, TNF-α, IFN-γ, MCP-1, IL-4, IL-10, IL-
13) in serum were analyzed by a protein chip array (RayBiotech,
USA). The procedure steps were as follows: (1) The glass chip was
completely air dried at room temperature. (2) Cytokine dilution
(100 μL) was added to each well and incubated at room
temperature for 30 min to block the slides. Standard cytokines
or samples (100 μL) were added to each well and incubated for
1–2 h. (3) Detection antibody cocktail (80 μL) was added into each
well. The glass chip was incubated for 1–2 h. (4) Cy3 equivalent
dye-conjugated streptavidin (80 μL) was added into each well. The
device was covered with aluminum foil to avoid exposure to light
or incubated in a dark room for 1 h. (4) The signals were visualized
using fluorescence detection using a laser scanner equipped with
a Cy3 wavelength, such as Axon GenePix. Quantitative data were
analyzed by Quantibody® Q-Analyzer software. Each sample was
run in quadruplicate. The total number of samples was fifty.

Flow cytometry
Peripheral blood mononuclear cells (PBMCs) from RA patients and
HCs were isolated by Ficoll-Paque Plus (Dakewe Biotech Co., Ltd,
China). A total of 1 × 106 cells were suspended and incubated in
PBS with 10 µL of antibodies against APC-CD19, FITC-CD20, and
PE-CD27 (Biolegend, USA) for 30 min on ice in the dark. Finally,
CD19+ B cells, CD19+CD27+ B cells, CD19+CD20+CD27+ B cells
and CD19+CD20−CD27+ B cells were acquired by FC 500
(Beckman Coulter Ltd., USA). The percentage and number of B
cell subsets were analyzed by using CXP analysis software
(Beckman Coulter Ltd., USA, version 2.0).
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The above protocol was used to measure the expression of
BAFFR, BCMA, and TACI on B cells of RA and HCs with the following
antibodies: PE-CD19 (Miltenyi Biotec, Germany), APC-BAFFR, APC-
CD19, PE-BCMA, and PE-TACI (Biolegend, USA).
For in vitro culture assays, B cells (1 × 106 cells/mL) from HCs

were added into plates and incubated with recombinant human
BAFF (Peprotech, USA) (100 ng/mL) at 37 °C under 5% CO2 for
48 h. The above protocol was used with the following antibodies:
APC-CD19, FITC-CD20, and PE-CD27 (Biolegend, USA) for analyzing
B cell subsets or PE-CD19 (Miltenyi Biotec, Germany), APC-BAFFR,
APC-CD19, PE-BCMA, and PE-TACI (Biolegend, USA) for measuring
the expression of BAFFR, BCMA, and TACI.

Isolation of B cells
B cells were isolated from PBMCs by positive selection using
magnetic cell separation (MACS). For this purpose, PBMC
suspensions from RA patients or HCs in MACS buffer (500 µL)
were incubated with PE-CD19 for 20 min, followed by incubation
with anti-PE beads for an additional 20 min. The stained cell
suspension was added to an LS column (Mitenyi). After washing
with buffer three times, labeled B cells were collected [27].

Western blotting assay
The expression levels of MKK3, MKK6, p-P38, p-P65, TRAF2, and
p100/52 were measured by Western blotting assay. B cells of RA
and HC were lysed in cell lysis buffer with PMSF 1mM at 4 °C for
30min, followed by centrifugation at 13622 × g for 10 min at 4 °C.
The supernatants were diluted to 4mg protein/mL and kept
frozen at −80 °C until use. A total of 50 μg of denatured protein
was separated by 10% SDS-PAGE and transferred onto poly-
vinylidene fluoride membranes (PVDF membrane, Millipore, USA)
in an ice water environment. The membranes were blocked with
blocking buffer (0.05% Tween 20-PBS with 5% nonfat milk) for 2 h
at room temperature and then incubated with (1:500) of mouse
monoclonal TRAF2 (Santa Cruz Biotechnology, Inc, USA) or rabbit
monoclonal MMK3 (Santa Cruz Biotechnology, Inc, USA) or rabbit
monoclonal MKK6 (Santa Cruz Biotechnology, Inc, USA) or rabbit
monoclonal p-P38 (Thr180/Tyr182, Cell Signaling, USA) or rabbit
monoclonal p-P65 (Ser536, Cell Signaling, USA) or rabbit mono-
clonal p100 (Ser866/870, Cell Signaling, USA) and mouse
monoclonal anti-β-actin (1:500, Cell Signaling, USA) primary
antibodies at 4 °C overnight. Then, the membranes were
incubated with anti-rabbit or anti-mouse secondary antibodies
conjugated with HRP (1:60000) for 2 h at 37 °C. Membrane
detection was achieved by measuring the chemiluminescence of
the blotting agent on films. Finally, the band densities were
quantified with a computerized densitometer (ImageJ Launcher,
Broken Symmetry Software). Equivalent protein load and transfer
efficiency were verified by staining for β-actin [35, 36]. Western
blotting data were obtained from ten RA patients and ten HCs,
and three replicates were performed.
For in vitro culture assays, B cells (1 × 106 cells/mL) from HCs were

added to plates and incubated with BAFF (100 ng/mL) at 37 °C
under 5% CO2 for 48 h. The above protocol was used to analyze the
expression of MKK3, MKK6, p-P38, p-P65, TRAF2, and p100/52 in B
cells stimulated by BAFF. Three replicates were performed.

The correlations between BAFF level and clinical variables or
laboratory parameters in RA
The correlations between BAFF level and clinical variables (VAS of
pain, DAS28 TJC SJC, EGA, PGA, HAQ and join function) or
laboratory parameters (RF, ESR, anti-CCP antibody, and CRP) were
analyzed by linear regression analysis.

The correlations between bone damage and BAFF, RF, anti-CCP
antibody or CRP level
To clarify autoimmunity from B cell involvement in bone
remodeling, we analyzed the correlations between X-ray scores

and BAFF, RF, anti-CCP antibody, or CRP levels by linear regression
analysis.

Statistical analysis
All data are presented as the mean ± standard deviation (SD).
Analysis of variance (ANOVA) (SPSS Software Products, USA) was
used to determine significant differences between groups. “The
correlations between BAFF level and clinical variables or
laboratory parameters in RA” and “The correlations between bone
damage and BAFF, RF, anti-CCP antibody or CRP level” were
analyzed by linear regression analysis. P < 0.05 was considered
significant in all experiments.

RESULTS
Characteristics of RA patients and HCs
A total of 50 patients who met the revised ACR criteria
for RA diagnosis and 50 HCs were enrolled in the study.
The basic characteristics of the 50 RA patients and 50 HCs are
shown in Table 1. Females were the majority of the 50 RA
patients. The HC group had a lower proportion of women than
the RA group (P < 0.01). The levels of BAFF, ESR, CRP, RF, and
anti-CCP antibody in RA patients were higher than those in the
HCs.

Baseline characteristics of RA patients
At study entry, laboratory variables (ESR, CRP, RF, anti-CCP
antibody) and clinical indexes (scores of joints, scores of X-ray of
joints, pain, PGA, EGA, HAQ, DAS28) of RA patients were measured
or evaluated. Clinical variables and laboratory parameters in RA
patients were abnormal. In Table 2, the median DAS28, joint score
and X-ray score were 4.0, 4.0, and 3.0, respectively. The median
values of RF and anti-CCP were 115 and 564.5 IU/mL, respectively.
Among the 50 patients, 44 cases were RF positive, and the
abnormity rate was 88%. Forty-two cases were anti-CCP antibody
positive, and the abnormal rate was 84%. Thirty-three cases were

Table 1. Clinical and demographic characteristics of RA patients and
healthy controls.

Characteristic Healthy controls RA p

Number of subjects 50 50 P= 1

Age (year) 52 ± 5 57.87 ± 11.85 P > 0.05

Female/male ratio 20:30 43:7 P < 0.01

BAFF (pg/mL) 1920 ± 91 2700 ± 241 P < 0.01

ESR (mm/h) 15.21 ± 4.28 40.67 ± 34.28 P < 0.01

CRP (mg/L) 6.39 ± 4.31 46.69 ± 26.31 P < 0.01

RF (IU/mL) 13.23 ± 11.11 138.99 ± 113.11 P < 0.01

Anti-CCP (IU/mL) 8.14 ± 6.35 581.14 ± 489.39 P < 0.01

Scores of joints – 3.38 ± 1.86 –

Scores of X-ray – 2.71 ± 1.20 –

Pain (VAS) – 3.36 ± 1.17 –

PGA (VAS) – 4.69 ± 2.58 –

EGA (VAS) – 3.56 ± 2.32 –

HAQ – 0.77 ± 0.36 –

DAS28 – 4.01 ± 1.83 –

Anti-CCP anti-cyclic citrullinated peptide, BAFF B cell activating factor of
TNF family, CRP C-reactive protein, DAS28 disease activity score in 28 joints,
EGA evaluator global assessment of disease activity, ESR erythrocyte
sedimentation rate, HAQ health assessment questionnaire, PGA patient’s
global assessment of disease activity, RF rheumatoid factor, VAS visual
analogue scale.
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ESR positive, and the abnormal rate was 66%. Sixteen cases were
CRP positive, and the abnormal rate was 32% (Table 3).

RA patients had elevated levels of immunoglobulins and cytokines
in serum
We found that the levels of IgG1, IgG2, IgG4, IgA, IgE, and IgD in
RA patients were significantly higher those of the HCs, while there
were no significant differences in IgG3 and IgM between RA
patients and HCs (Fig. 1a–c). The levels of IL-1α, IL-1β, IL-6, IL-8,
TNF-α, IFN-γ, MCP-1, IL-4, and IL-13 in RA patients were also more
elevated in RA patients than those in HCs. In particular, the levels
of IL-1α, IL-4, and TNF-α increased significantly. IL-10 levels were
not different between RA patients and HCs (Fig. 1d–f).

Activated B cell subpopulations in RA patients were increased
B cell subpopulations were analyzed by flow cytometry. The
results showed that the percentages of CD19+ B cells,
CD19+CD27+ B cells, CD19+CD20+CD27+ B cells, and
CD19+CD20−CD27+ B cells were increased significantly in RA
patients (Fig. 2a, b). The number of CD19+ B cells, CD19+CD27+ B
cells, and CD19+CD20−CD27+ B cells in RA patients was higher
than that in HCs. There were no significant differences between
the two groups in the number of immature B cells (CD19+CD20+

CD27− B cells) and memory B cells (CD19+CD20+ CD27+ B cells)
(data not shown).

The expression of BAFFR, BCMA, and TACI on B cells in RA patients
was elevated
The expression of BAFFR, BCMA, and TACI on B cells was measured
by flow cytometry. Compared with HCs, the percentages of
CD19+BAFFR+ B cells, CD19+BCMA+ B cells, and CD19+TACI+ B
cells were increased significantly in RA patients. Among them, the
percentage of CD19+BAFFR+ B cells (5.71%) was higher than that
of CD19+BCMA+ B cells (1.99%) and CD19+TACI+ B cells (2.23%) in
RA patients (Fig. 3a, b).

BAFF levels in RA were enhanced and associated with laboratory
parameters or clinical variables in RA patients
BAFF levels in RA and HCs were analyzed by ELISA. Figure 4a
shows that the BAFF level in RA patients was higher than that in
HCs. The mean values of BAFF in RA patients and HCs were 2700
and 1920 pg/mL, respectively. There was a significant difference
between the two groups (P= 0.008). There were significant
correlations between BAFF level and the laboratory parameters
of RF (P= 0.03) and CRP (P= 0.003) (Fig. 4b, c). An association was
also shown between BAFF level and DAS28, SJC, or TJC (Fig. 4e–g).
However, the BAFF level was not associated with the anti-CCP
antibody (Fig. 4d).

The X-ray score was correlated with high BAFF, anti-CCP antibody,
RF, and CRP levels
Interestingly, the X-ray grades of RA patients with high
BAFF levels were higher than those with low BAFF levels.
The BAFF level was also associated with the X-ray grade (P=
0.011) (Fig. 5a). In Fig. 5b, grade I X-ray was found in RA
patients with low BAFF levels. Soft tissue swelling around
the affected joint and mild joint space stenosis were only
observed in these patients. However, in RA patients with a high
level of BAFF, grade II or III X-ray was found. Middle or severe
joint space stenosis and joint subluxation were observed in
these patients.
In addition, we also analyzed the association between X-ray

scores and autoantibodies (anti-CCP antibody and RF) or CRP
levels. The results showed that a significant correlation of X-ray
scores was found with serum RF, anti-CCP, or CRP levels (Fig. 5c–e).

NF-κB pathway activation in B cells of RA patients
The protein expression levels of some molecules in the NF-κB
pathway in B cells, such as MKK3, MKK6, p-p38 p-NF-κB65, TRAF2,
and NF-κB100/52, were analyzed by Western blotting. The results
showed that the expression of MKK3, MKK6, p-P38, and p-P65 in
RA patients was enhanced (Fig. 6a, b). TRAF2 and p52 expression
levels in RA patients were higher than that in HCs. p100 levels in
RA were reduced (Fig. 6c, d).

BAFF promoted the differentiation of B cells
In vitro, normal B cells were stimulated by BAFF. CD19+

B cells, CD19+CD27+ B cells, CD19+CD20+CD27+ B cells and
CD19+CD20−CD27+ B cells were analyzed by flow cytometry.
The results showed that the percentages of CD19+ B cells,
CD19+CD27+ B cells, CD19+CD20+CD27+ B cells and
CD19+CD20−CD27+ B cells were increased significantly in the
BAFF stimulation group (Fig. 7a–c).

BAFF upregulated the expression of BAFFR, BCMA, and TACI on B
cells and promoted the viability of B cells
In vitro, normal B cells were stimulated by BAFF, and
CD19+BAFFR+ B cells, CD19+BCMA+ B cells, and CD19+TACI+ B
cells were analyzed by flow cytometry. We found that the
percentages of CD19+BAFFR+ B cells, CD19+BCMA+ B cells, and
CD19+TACI+ B cells were increased significantly in the BAFF group
compared with the control (Fig. 8a, b). Additionally, BAFF
enhanced the viability of B cells (Fig. 8c).

Table 3. Rates of abnormity (%) of ESR, CRP, RF, Anti-CCP in RA
patients.

Variables Positive (n) Negative (n) Rate of abnormity (%)

RF (IU/mL) 44 6 88

Anti- CCP (IU/mL) 42 8 84

ESR (mm/h) 33 17 66

CRP (mg/L) 16 34 32

Among the 50 patients, 44 cases were RF positive, abnormity rate was 88%.
Forty-two cases were Anti-CCP antibody positive, the rate of abnormity
was 84%. Thirty-three cases were ESR positive, abnormity rate was 66%.
Sixteen cases were CRP positive, abnormity rate was 32%.
RF rheumatoid factor, Anti-CCP anti-cyclic citrullinated peptide, ESR erythrocyte
sedimentation rate, CRP C-reactive protein.

Table 2. Baseline clinical characteristics of RA patients.

Variables Mean ± SD Min Median Max

Scores of joints 3.38 ± 1.86 0 4 5

Scores of X- ray 2.71 ± 1.20 0 3 4

Pain (VAS) 3.36 ± 1.17 0 2 9

PGA (VAS) 4.69 ± 2.58 0 5 10

EGA (VAS) 3.56 ± 2.32 0 3 8

HAQ 0.77 ± 0.36 0 0.51 2.75

DAS28 4.01 ± 1.83 0.78 4.00 7.6

ESR (mm/h) 40.67 ± 34.28 2 28 140

CRP (mg/L) 46.69 ± 26.31 0 4.9 180.08

RF (IU/mL) 138.99 ± 113.11 9 115 492.8

Anti-CCP (IU/mL) 581.14 ± 489.39 6 564.5 1645

Clinical variables and laboratory parameters in RA patients were abnormal.
Anti-CCP anti-cyclic citrullinated peptide, CRP C-reactive protein, DAS28 disease
activity score in 28 joints, EGA evaluator global assessment of disease activity,
ESR erythrocyte sedimentation rate, HAQ health assessment questionnaire,
PGA patient’s global assessment of disease activity, RF rheumatoid factor,
VAS visual analogue scale.

BAFF was involved in B cells activation via NF-κB pathway
LL Zhang et al.

1668

Acta Pharmacologica Sinica (2021) 42:1665 – 1675



Fig. 2 B cell subpopulations were compared between RA patients and HCs. The percentages of B cell subpopulations (CD19+ B cells,
CD19+CD27+ B cells, CD19+CD20+CD27+ B cells, and CD19+CD20−CD27+ B cells) were analyzed by flow cytometry. a Percentages of CD19+ B
cells, CD19+CD27+ B cells, CD19+CD20+ CD27+ B cells, and CD19+CD20−CD27+ B cells in RA and HCs. b Percentages of B cell subpopulations
were compared between RA and HCs. *P < 0.05 vs. HCs.

Fig. 1 Levels of immunoglobins and cytokines in serum were compared between RA patients and HCs. The levels of immunoglobins
and cytokines in serum were analyzed by a protein chip array. a Levels of IgG1, IgG2, IgG3, and IgG4 in RA patients compared with HCs.
b Levels of IgA and IgM in RA patients compared with HCs. c Levels of IgE and IgD in RA patients compared with HCs. d Levels of IL-1α, IL-1β,
IL-6, and IL-8 in RA patients compared with HCs. e Levels of TNF-α, IFN-γ, and MCP-1 in RA patients compared with HCs. f Levels of IL-4, IL-10,
and IL-13 in RA compared with HCs. Each sample was run in quadruplicate. The number of samples was 50. *P < 0.05, **P < 0.01 vs. HCs. HCs
healthy controls.
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Fig. 3 The expression levels of BAFFR, BCMA, and TACI on B cells were compared between RA patients and HCs. The expression of BAFF
receptors (BAFFR, BCMA, and TACI) was analyzed by flow cytometry. a Percentages of CD19+BAFFR+ B cells, CD19+BCMA+ B cells, and
CD19+TACI+ B cells in RA and HCs. b Percentages of CD19+BAFFR+ B cells, CD19+BCMA+ B cells, and CD19+TACI+ B cells were compared
between RA and HCs. *P < 0.05 vs. HCs.

Fig. 4 The level of BAFF in serum was compared between RA patients and HCs, and the correlation of BAFF levels with laboratory
parameters and clinical variables in RA patients was determined. a Level of BAFF in RA patients compared with HCs. b The association of BAFF
with RF. c The association of BAFF with CRP. d The association of BAFF with anti-CCP. e The association of BAFF with DAS28. f The association of
BAFF with swollen joint counts. g The association of BAFF with tender joint counts. **P < 0.01 vs. HCs. r, correlation coefficient; P, significant level.
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BAFF might mediate canonical and noncanonical NF-κB pathways
in B cells
In vitro, normal B cells were stimulated by BAFF, and the protein
expression levels of MKK3, MKK6, p-P38 p-P65, TRAF2, and
p100/52 in B cells stimulated by BAFF were analyzed by Western

blotting. The results showed that the expression of MKK3,
MKK6, p-P38, and p-P65 was enhanced in the BAFF group
(Fig. 9a, b). TRAF2 and p52 were higher than those in the control.
p100 was not changed significantly compared with the control
(Fig. 9c, d).

Fig. 5 The correlation of X-ray scores and BAFF, anti-CCP antibody, RF, and CRP levels. a BAFF level was also associated with the grade of
X-ray. b X-ray of hands9 of RA between low BAFF level and high BAFF level. Solid arrows show joint space stenosis, and dotted arrows show
joint subluxation. c The association of X-ray with RF level. d The association of X-ray grade with anti-CCP antibody level. e The association of
X-ray grade with CRP level. P values < 0.05 were considered significant. r, correlation coefficient; P, significant level.

Fig. 6 The expression levels of MKK3, MKK6, p-P38, p-P65, TRAF2, and p100/52 in the NF-κB pathway in B cells were compared between
RA patients and HCs. The protein expression levels of MKK3, MKK6, p-p38, p-P65, TRAF2, and p100/52 were analyzed by Western blotting.
a Western blotting images of MKK3, MKK6, p-P38, and p-P65. b Expression of MKK3, MKK6, p-P38, and p-P65 in RA patients compared with
HCs. c Western blotting images of TRAF2 and p100/52. d Expression of TRAF2 and p100/52 in RA compared with HCs. n= 10, three replicates
were performed. *P < 0.05, **P < 0.01 vs. HCs.
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DISCUSSION
The combined detection of anti-CCP antibodies and RF could
increase the sensitivity and specificity of RA diagnosis. We showed

that the levels of anti-CCP antibody and RF were high in RA
patients with high DAS28 scores and joint function. These findings
suggest that the humoral immune system involved in B cells is

Fig. 7 BAFF promoted the differentiation of B cells in vitro. a The percentages of CD19+ B cells, CD19+CD27+ B cells, and CD19+CD20+ B
cells were analyzed by flow cytometry. b The percentage of CD19+CD20+CD27+ B cells was analyzed by flow cytometry. c The percentages of
CD19+ B cells, CD19+CD27+ B cells, CD19+CD20+ B cells, and CD19+CD20+CD27+ B cells were increased significantly in the BAFF stimulation
group compared with the control group. *P < 0.05 vs. control.

Fig. 8 BAFF promoted the viability of B cells and upregulated the expression of BAFFR, BCMA, and TACI on B cells in vitro. a
CD19+BAFFR+ B cells, CD19+BCMA+ B cells, and CD19+TACI+ B cells were analyzed by flow cytometry. b The percentages of CD19+BAFFR+ B
cells, CD19+BCMA+ B cells, and CD19+TACI+ B cells were increased significantly in the BAFF group compared with the control group. c BAFF
enhanced the viability of B cells. *P < 0.05 vs. control.
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abnormal in RA pathological mechanisms. In addition, we found
that the percentages of CD19+ B cells, activated CD19+CD27+

B cells, memory CD19+CD20+CD27+ B cells, and plasma
CD19+CD20−CD27+ B cells were increased significantly in RA
patients. Abnormal B cell subsets can lead to the loss of tolerance
and autoantibody production and promote GC formation and
memory B cell differentiation into plasma cells [37–40].
In addition to autoantibodies, high levels of immunoglobulins

(IgA, IgE, IgD, IgG) produced by plasma cells are also observed in
autoimmune disease [41]. In this study, the levels of IgA, IgE, IgD,
IgG1, IgG2, and IgG4 were increased significantly in RA patients.
These results might be related to the high percentage of plasma
cells. IgD and IgM are coexpressed on the surface of the majority of
mature B cells [41]. It was found first that IgD levels in the serum of
RA patients were increased in our laboratory. The previous results in
our laboratory showed that the levels of secretory IgD (sIgD),
membrane IgD, and IgD receptor (IgDR) were significantly higher in
RA patients than in HCs. The concentration of sIgD was positively
correlated with soluble receptor activator of nuclear factor-κB ligand,
RF and CRP in RA patients. IgD could promote the proliferation of
PBMCs and induce IL-1α, IL-1β, TNF-α, IL-6, and IL-10 production
from PBMCs. Furthermore, the expression of IgDR on T and B cells
was significantly increased by treatment with IgD [42]. These
findings suggest that IgD exerts some important immune functions
and may contribute to RA pathogenesis.
BAFF plays an important role in the pathogenesis of several

autoimmune diseases. BAFF has been identified as a potent survival
factor for B cells and prevents spontaneous apoptosis of naive
mature B cells in vivo [43]. Overexpression and high levels of BAFF
were detected in RA patients [21, 44]. However, whether BAFF is
associated with disease activity and bone damage in RA has not
been clarified currently. In the present study, we characterized BAFF
levels and analyzed the correlation between BAFF levels and clinical
variables, laboratory parameters or X-ray scores in RA. We found that
BAFF levels in RA were increased. In addition, we found that serum
BAFF levels were correlated with RF, CRP, DAS28, SJC, TJC, and X-ray
scores but not anti-CCP antibodies. Our findings were consistent
with Geng’s report. Geng reported that plasma BAFF levels were
correlated with DAS28, ESR, and CRP. Patients with more advanced

changes in X-rays had high BAFF levels in serum [45]. This result
indicated that BAFF levels may become a new index to evaluate
disease activity and predict prognosis. The transcription factor NF-κB
is a central mediator of immune and inflammatory responses. TRAFs
are key regulatory proteins in NF-κB signaling pathways. TRAF2 and
TRAF3 act cooperatively to regulate the survival and maturation
signals mediated by the BAFF-R in NF-κB signaling pathways. Here,
the expression of BAFF-R (BAFFR, BCMA, and TACI) and important
molecules in the noncanonical and canonical NF-κB signaling
pathways (MKK3, MKK6, p-P38, p-P65, TRAF2, p52) were also
significantly increased in RA patients. These findings suggest that
the abnormal subpopulations and functions of B cells might be
associated with high expression of BAFF-R in RA. Noncanonical and
canonical NF-κB signaling pathways in B cells of RA were activated,
and high levels of BAFF and BAFF-R might mediate these abnormal
signaling pathways. In conclusion, BAFF may play an important role
in regulating immune homeostasis in RA.
B cell-mediated autoimmunity may have a causative role in bone

remodeling in RA. Autoantibodies, such as anti-citrullinated protein
antibody (ACPA) and RF, are major risk factors for articular bone
destruction in RA. ACPA-positive RA patients have higher rates of
joint damage progression. Systemic bone mineral density is reduced
in RA patients with ACPA positivity and high RF levels [46, 47]. In this
study, we analyzed the association between autoantibodies and
bone destruction. The results showed that there is a significant
positive correlation between serum anti-CCP and RF levels and X-ray
scores, which indicated that high serum anti-CCP and RF can cause
more severe bone destruction. Therefore, our findings are also
consistent with a previous report [48].
In addition, the results of the study showed that the levels of IL-

1α, IL-1β, IL-6, IL-8, TNF-α, IFN-γ, MCP-1, IL-4, and IL-13 in RA
patients were also elevated. IL-4 and IL-13 secreted by Th2 cells
could induce IgG1, IgG4, and IgE production, promote the
expression of MHCII, and participate in regulating the growth
and differentiation of B cells in vivo [49]. Our findings were
consistent with the studies from Pavlovic and Avdeev, where the
levels of IL-4 and IL-13 were significantly high in patients with RA
[50, 51]. These results suggest the dual functions of IL-4 and IL-13
in the pathological process of RA.

Fig. 9 The protein expression levels of MKK3, MKK6, p-p38 p-P65, TRAF2, and p100/52 in B cells stimulated by BAFF. a Western blotting
images of MKK3, MKK6, p-P38, and p-P65. b The expression levels of MKK3, MKK6, p-P38, and p-P65 were compared between RA patients and
the control group. cWestern blotting images of TRAF2 and p100/52. d Expression of TRAF2 and p100/52 in RA was compared with the control.
*P < 0.05, **P < 0.01 vs. control.
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CONCLUSION
In conclusion, in this study, a high level of serum BAFF was found
in RA, and the BAFF level was associated with RF, CRP, DAS28, SJC,
TJC, and bone lesions. Abnormal subpopulations and functions of
B cells might be associated with high expression of BAFF-R and
high levels of BAFF in RA. BAFF activates alternative and canonical
NF-κB pathways by binding to BAFF-R, thereby promoting
the proliferation, activation, and differentiation of B cells as well
as B cell survival and maturation, which in turn results in the
production of autoantibodies, immunoglobulins and cytokines
and BAFF-R expression. Immune complexes are formed by
autoantibodies and deposited in joint synovium, which results in
synovitis, pannus formation, bone erosion, and cartilage degrada-
tion (Fig. 10). This study allows us to further understand the
pathological mechanisms of RA and provides clues that BAFF
might be an ideal therapeutic target for RA.
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