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Paeoniflorin-6′-O-benzene sulfonate alleviates collagen-
induced arthritis in mice by downregulating BAFF-TRAF2-
NF-κB signaling: comparison with biological agents
Jin-ling Shu1, Xian-zheng Zhang1, Le Han1, Feng Zhang1, Yu-jing Wu1, Xiao-yu Tang1, Chen Wang1, Yu Tai1, Qing-tong Wang1,
Jing-yu Chen1, Yan Chang1, Hua-xun Wu1, Ling-ling Zhang1 and Wei Wei1

Paeoniflorin-6′-O-benzene sulfonate (CP-25) is a new ester derivative of paeoniflorin with improved lipid solubility and oral
bioavailability, as well as better anti-inflammatory activity than its parent compound. In this study we explored whether CP-25 exerted
therapeutic effects in collagen-induced arthritis (CIA) mice through regulating B-cell activating factor (BAFF)-BAFF receptors-mediated
signaling pathways. CIA mice were given CP-25 or injected with biological agents rituximab or etanercept for 40 days. In CIA mice, we
found that T cells and B cells exhibited abnormal proliferation; the percentages of CD19+ total B cells, CD19+CD27+-activated B cells,
CD19+BAFFR+ and CD19+TACI+ cells were significantly increased in PBMCs and spleen lymphocytes. CP-25 suppressed the indicators
of arthritis, alleviated histopathology, accompanied by reduced BAFF and BAFF receptors expressions, inhibited serum immunoglobulin
levels, decreased the B-cell subsets percentages, and prevented the expressions of key molecules in NF-κB signaling. Furthermore, we
showed that treatment with CP-25 reduced CD19+TRAF2+ cell expressions stimulated by BAFF and decreased TRAF2 overexpression in
HEK293 cells in vitro. Thus, CP-25 restored the abnormal T cells proliferation and B-cell percentages to the normal levels, and normalized
the elevated levels of IgA, IgG2a and key proteins in NF-κB signaling. In comparison, rituximab and etanercept displayed stronger anti-
inflammatory activities than CP-25; they suppressed the elevated inflammatory indexes to below the normal levels in CIA mice. In
summary, our results provide evidence that CP-25 alleviates CIA and regulates the functions of B cells through BAFF-TRAF2-NF-κB
signaling. CP-25 would be a soft immunomodulatory drug with anti-inflammatory effect.
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INTRODUCTION
Rheumatoid arthritis (RA) is an autoimmune disease characterized
by pain, swelling, and joint destruction, leading to the functional
disability of joints. The pathogenesis of RA is complex and is
highly involved in the interactions of cells and cell mediators [1, 2].
Recent progress in B cells studies revealed that B cells play a
critical role in the pathogenesis of RA and other autoimmune
diseases [3]. B cells are the effectors of humoral immunity and the
producers of antibodies, which generate the rheumatoid factor
(RF) and anticitrullinated protein antibodies [1, 4–6]. These cells
act as antigen-presenting cells (APCs) and regulate dendritic cells
and cytokine secretion. Different B-cell subsets are distinguished
mainly through the differential expression of different markers on
the cell surface [7–12]. CD19 is a B-cell-specific surface antigen
that regulates the threshold for B-cell activation and is expressed
by early pre-B cells and B cells through the phase from heavy
chain rearrangement until the differentiation into plasma cells [8].
CD27 is vital surface marker for mutated memory B cells and
promotes memory B cells to differentiate into plasma cells [10, 11].
CD138 is a crucial surface marker for plasma cells [13, 14].

The B-cell activating factor (BAFF) belongs to the tumor necrosis
factor (TNF) ligand superfamily, which is important for B-cell
development and function [15–17]. The three different members
of receptors for BAFF include the B-cell maturation antigen (BCMA),
the B-cell activating factor receptor (BAFFR), and the transmembrane
activator and calcium modulator and cyclophilin ligand interactor
(TACI) [18]. As type I single transmembrane receptors, all of the three
receptors are expressed on memory B cells [15]. BAFFR, which is
specific only for BAFF, is a crucial receptor for the survival of mature
B cells and is expressed initially in developing B cells coming from
the bone marrow [19]. BCMA is expressed primarily on B
lymphocytes and tonsillar memory B cells and is restricted
to plasmablasts and plasma cells, promoting plasma cell survival
[8, 15, 19]. TACI is expressed predominantly on all peripheral B cells
and activated T cells. Accordingly, the expression of TACI is also high
on plasma cells [8, 15, 19].
It has been well demonstrated that BAFF binding BAFFR

promotes human mesangial cells proliferation, and the BAFF
−BAFFR interaction triggers the rapid phosphorylation of Akt and
mitogen-activated protein kinase p38 kinase, leading to the
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phosphorylation of the nuclear factor of kappa B65 (p-NF-κB65)
activation in human mesangial cells [20]. Furthermore, the BAFFR
signal activates the classical and alternative NF-κB signaling
pathways, resulting in the expression of downstream genes that
are crucial for B-cell survival [21]. In addition, NF-κB regulates
inflammation, innate and adaptive immune response, apoptosis,
and controls the gene expression for cell proliferation and tumor
cell invasion [22]. In the BAFF signaling pathway, the tumor
necrosis receptor-associated factor 2 (TRAF2) increases NF-κB2
activation [23]. The three BAFF receptors recruit a species of TRAF
to their cytoplasmic domains [24]. TRAF2 is an adaptor molecule
that mediates signaling from TNFR family members and partici-
pates in the regulation and homeostasis of immune cells [25, 26].
The TRAF2 gene is significantly increased in the peripheral blood
mononuclear cells (PBMCs) of RA patients [26, 27].
Paeoniflorin-6′-O-benzene sulfonate (CP-25) originates from the

chemistry construct modification of paeoniflorin (Pae) (Fig. 1),
which is the effective natural active ingredient of the total
glucosides of peony (TGP) [28, 29]. Previous studies in our lab have
demonstrated that Pae exerts its anti-inflammatory effects by
regulating immune cell responses [30]. The lipid solubility and oral
bioavailability of CP-25 was better than those of Pae [31], and the
anti-inflammatory effects of CP-25 were better than those of Pae
[32, 33]. CP-25 decreased the clinical and histopathological scores
and lymphocyte proliferation and suppressed the inflammation
progression of adjuvant-induced arthritis (AA) rats and collagen-
induced arthritis (CIA) mice [34, 35]. In addition, CP-25 decreased
the levels of proinflammatory cytokines, such as IL-1β, IL-6, IL-17,
and TNF-alpha, and enhanced the production of the anti-
inflammatory cytokine TGF-β1 [34]. Rituximab is a chimeric
monoclonal antibody against CD20 that is expressed on B cells
and is used in the treatment of B-cell malignancies and RA [14].
Etanercept is an anti-TNF-alpha agent, which reduces the
percentage of B cells in the peripheral blood of RA patients by
neutralizing TNF-alpha, which is crucial for B-cell proliferation [36].
Etanercept inhibits memory B-cell induction by interfering with
germinal center formation and the follicular dendritic cell network
[37]. Whether the therapeutic effect of CP-25 on CIA regulates the
function of B cells or CP-25 regulates the B-cell function through
the BAFF-BAFF receptor-TRAF2-NF-κB signaling pathway is
unknown. Compared with biological agents (rituximab or etaner-
cept), the characteristics and advantages of CP-25 are unclear. This
study aimed to demonstrate the regulatory effect of CP-25 on B-
cell function by investigating the modulatory effect of CP-25 on
BAFF/BAFF receptor-TRAF2-NF-κB signaling in CIA mice.

MATERIALS AND METHODS
Animals
The DBA/1 mice (male, 18 ± 2 g) were purchased from the
Shanghai Slack Experimental Animal Limited Liability Company
(Certificate No. SCXK [HU] 2012-0002). The mice were housed
under standard laboratory conditions. All research adhered to the
principles of the laboratory animals care guidelines and was
approved by the Ethics Review Committee for Animal Experi-
mentation of the Institute of Clinical Pharmacology, Anhui Medical
University (No. 20140186, China).

Reagents
The Roswell Park Memorial Institute (RPMI)-1640 medium, Dulbec-
co’s modified Eagle's medium (DMEM), and fetal bovine serum (FBS)
were from Gibco Co. (CA, USA). The CCK-8 kit was purchased from
Tianjin Baiying Biological Technology Co., Ltd. (China). The enzyme-
linked immunosorbent assay (ELISA) kits for BAFF and recombinant
mouse BAFF were purchased from the Research & Development Co.,
Ltd. (Minneapolis, MN, USA). Chicken type II collagen (CII) was
purchased from Chondrex, Inc. (USA). Lipopolysaccharides and
concanavalin A (ConA) were purchased from Sigma Chemical Co.

(USA). The T/B lymphocyte separation fluid was purchased from
Dakewe biotechnology Co., Ltd. Freund’s complete adjuvant was
purchased from Sigma. Anti-mouse FITC-CD19, PE-CD27 and APC-
CD138, PE-BAFFR, and PE-TACI antibodies were from BD Inc. (USA).
The Brilliant Violet 421 anti-mouse CD19 antibody was purchased
from Biolegend Co., Ltd., and the TRAF2 (H-10) Alexa Fluor 647
antibody was purchased from Santa Cruz Biotechnology Inc. The cell
fixation/permeabilization kit, the HEK 293 cells and the BCA protein
quantitation kit were purchased from Thermo Scientific (NO.
NCI3225CH). The Lipofectamine™ 3000 transfection reagent kit was
purchased from Invitrogen. Inc. The PIRES2-EGFP vector was
purchased from BD Inc. The PIRES2-EGFP-TRAF2 plasmid was
synthesized by the lab of the Institute of Clinical Pharmacology of
Anhui Medical University. The β-actin antibody was purchased from
ZSGB-BIO. The mitogen-activated protein kinase kinase3 (MKK3),
MKK6, and phosphorylated p38 (p-P38) antibodies were obtained
from Santa Cruz Biotechnology Inc. The p-NF-κB65 antibody was
purchased from Cell Signaling. The protein antibody array of mouse
immunoglobulin was obtained from RayBiotech, Inc.

Drugs
The CP-25 [C29H32O13S, MW: 620] white crystalline powder, purity
>98%, was supplied by the chemistry lab of Institute of Clinical
Pharmacology of Anhui Medical University (Hefei, Anhui Province,
China). Etanercept was provided from Shanghai Guojian Pharma-
ceutical Co., Ltd. (China). Rituximab was purchased from Roche
Pharma (Schweiz) Ltd.

Induction and treatment of CIA
Chicken CII (2 mg/mL) was added in 0.1 mol/L acetic acid
overnight at 4 °C under sterile conditions. The chicken CII mixture
was then emulsified with an equal volume of Freund’s complete
adjuvant (4 mg/mL). This emulsion of CII (0.1 mL) was injected
intradermally into the back and base of the tail of the DBA/1 mice
on day 0 to induce CIA, and then a booster injection followed on
day 21 [35]. The model success rate of the mice was 95%, and
some failed CIA mice models were screened out from the study on
day 29. After the onset of arthritis on day 29, the CIA mice were
randomly divided into five groups. There were 12 mice in each
group. The CIA mice were given CP-25 at a dose of 35mg/kg by an
intragastric administration once every day or were treated with
rituximab and etanercept at a dose of 5 mg/kg by an intraper-
itoneal injection [34, 35]. The normal mice and CIA model mice
were given an equal volume of normal sodium.

Clinical assessment of CIA
An evaluation of the severity of the CIA was performed by two
independent observers with no knowledge of the treatment
protocol. Beginning on day 24 after immunization, the mice were
evaluated every 3 days using two clinical parameters, including an
arthritis index (AI) assessment and a swollen joint count (SJC).

Fig. 1 The chemical structures of CP-25
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After the onset of inflammation, the AI of the CIA mice in each
group was evaluated once every 3 days as follows: 0= no swelling
or redness; 1= phalanx joints slightly swollen and redness; 2=
phalanx joints and paw swelling and redness; 3= phalanx joints
and paw swelling and redness except the ankle joints; and 4=
whole paws and ankle joint swelling and redness. All feet were
measured, the maximum score value of each mouse was 16. Each
paw has five phalanx joints and one ankle or wrist joint, and thus,
the maximum SJC for each mouse was 24 [35, 38]. Additionally,
the weights of the mice were also evaluated once every 3 days
after the immunization.

The histopathological examination of the spleen and joints
Paraffin sections of the spleen and joint were stained with
hematoxylin and eosin. Six mice were analyzed in each group. The
histological changes were evaluated by two independent
observers. Five compartments were evaluated in the spleen,
including the periarteriolar lymphoid sheaths (PALs), lymphoid
follicles, marginal zone, red pulp and the total number of germinal
centers (GCs). The five compartments were assessed in the joints
for synovium hyperplasia, pannus, cartilage erosion, and infiltrated
inflammatory cells. The grading scheme consisted of ordinal
categories ranging from 0 (no effect) to 4 (severe effect) [8].

The measure of the thymus index and spleen index
The normal and CIA mice were sacrificed, and the thymus and
spleen were aseptically obtained. The thymus index or spleen
index was shown by the ratios of the weight of the thymus or
spleen divided by the weight of mouse.

Analysis of T and B lymphocyte proliferation
T lymphocytes from the thymus and B lymphocytes from the spleen
were separated by the lymphocyte separation fluid in each group,
and the concentration of the cells was adjusted at 1×106/mL. The T
or B lymphocyte suspensions (200 μL) in RPMI 1640 supplemented
with 10% fetal calf serum were seeded into 96-well culture plates
(1×105 cells per well) and were cultured for 48 h. Triplicates were
designed. A total of 10 µL of CCK-8 was added into each well.
The cells were incubated at 37 °C under 5% CO2 for 2 h. Then, the
absorbance was measured at 450 nm, and the results were
analyzed to assess the effect of CP-25, rituximab, and etanercept
on T- and B-cell proliferation.

The percentages of B-cell subsets and the BAFF receptors in the
PBMCs and spleen lymphocytes were analyzed by flow cytometry
PBMCs were obtained from the blood of the mice using
erythrocyte lysate. The lymphocytes in the spleens were separated
using lymphocytes separation fluid. A 100 μL of the cell
suspension was then transferred into a 12mm× 75mm polystyr-
ene round-bottom tube. The antibody combinations of
CD19−FITC, CD138-APC and CD27-PE or CD19−FITC and BAFFR-
PE or CD19−FITC and TACI-PE were added into the round-bottom
tubes. After 40min of incubation at room temperature in the dark,
the cells were washed and analyzed immediately by flow
cytometry. Cell-associated fluorescence was analyzed with a
FACScan instrument (Epics XL, Beckman Coulter, USA) and
associated Cell Quest software (Beckman Coulter, USA).

The level of BAFF was measured by ELISA
The level of BAFF in the serum was measured using an ELISA kit.
Each serum sample was assayed in triplicate. First, 80 μL of the assay
diluents was added into each well of the 96-well plate. Then, 40μL
of the standard, control, or samples was added into each well and
incubated for 2 h at room temperature. After washing five times
with a buffer, the mouse antibodies against BAFF were added into
each well and were incubated for 2 h at room temperature. Then,
the substrate solution was added into each well and was incubated
for 30min. The optical density was measured at 450 nm.

The immunoglobulin levels were measured by protein chip array
systems
The levels of serum IgA, IgE, IgD, IgM, IgG1, IgG2a, IgG2b, and IgG3
were analyzed by protein chip array systems (RayBiotech, USA). The
operation steps were as follows: (1) The glass chip was air dried
completely at room temperature. (2) A diluent (100 μL) was added
into each well and was incubated at room temperature for 30min
to block the slides. The samples (100 μL) were added into each well
and were incubated for 1−2 h. (3) The 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 was incubated in a dark room for 1 h.
(5) For the fluorescence detection, the signals were visualized
through the usage of a laser scanner that was equipped with a Cy3
wavelength, such as Axon GenePix. The quantitative data were
analyzed by Quantibody® Q-Analyzer software.

The percentages of CD19+TRAF2+ cells in the spleens of the mice
were analyzed by flow cytometry
The lymphocytes in the spleens of the normal mice were separated
using a lymphocyte separation fluid. The concentration of the cells
was adjusted to 1×107/ml. The lymphocyte suspensions (2000 μL) in
RPMI 1640 supplemented with 10% fetal calf serum were seeded into
12-well culture plates (5×106 cells per well). The lymphocytes were
first stimulated with mouse BAFF (60 ng/mL) at 37 °C under a 5% CO2

environment for 12 h and were then treated with CP-25(10−5mol/L)
or rituximab (10 μg/mL) or etanercept (10 μg/mL). After culturing for
48 h, the lymphocytes were stained with Brilliant Violet 421 anti-
mouse-labeled CD19 antibody at room temperature in the dark for
30min. After surface staining, the cells were fixed and permeabilized
by a commercial cell fixation/permeabilization kit and then were
stained with an Alexa Fluor 647-labeled TRAF2 intracellular antibody.
After incubation for 30min at room temperature in the dark, the cells
were washed, transferred into a 12×75mm polystyrene round-
bottom tube and then analyzed by flow cytometry.

B-cell magnetic separation
The B cells in the spleens were isolated using magnetic cell
separation (MACS) by a positive selection. The lymphocytes (108

cells) in the spleen were isolated by lymphocyte separation fluid
and were incubated with PE-anti-CD19 for 20min in 500 µL of
MACS buffer, followed by an incubation with anti-PE beads for an
additional 20 min. The stained cell suspension was applied onto
an LS column (Mitenyi Biotec, Germany). The labeled B cells were
collected after washing with degassed buffer three times.

The expressions of TRAF2, MKK3, MKK6, p-P38, and p-NF-κB65 in
the spleen B cells were analyzed by a Western blot
The spleen B cells isolated by MACS were lysed in cell lysis buffer with
PMSF 1mM at 4 °C for 30min followed by centrifugation at 13622 ×
g for 10min at 4 °C. The supernatants were diluted to 4mg protein/
mL and were kept frozen at −80 °C until use. A total of 50 μg of
denatured protein was isolated by 10% SDS-PAGE and was
transferred onto polyvinylidene fluoride membranes (PVDF mem-
brane, 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 were then incubated
with primary antibodies targeting rabbit monoclonal TRAF2 (1:500),
MKK3, MKK6, p-P38, and p-NF-κB65 (1:500) and mouse monoclonal
anti-β-actin (1:500) at 4 °C overnight. Then, the membranes were
incubated with anti-rabbit or anti-mouse secondary antibodies
conjugated with HRP (1:60,000) for 2 h at 37 °C. The detection of
the membrane was achieved by measuring the chemiluminescence
of the blotting agent on the film. Finally, the densities of the bands
were quantified with a computerized densitometer (ImageJ
Launcher, Broken Symmetry Software). The equivalent protein
loading and transfer efficiency were verified by staining for β-actin.
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The overexpression of TRAF2 in HEK 293 cells was observed by
fluorescence microscopy and analyzed by a Western blot
HEK 293 cell suspensions in DMEM supplemented with 10% fetal
calf serum were seeded into six-well culture plates. The
concentration of the cells was adjusted to 5 × 106/mL. Then, the
cells were cultured at 37 °C under 5% CO2 for 8 h to attach to the
six-well culture plates. The PIRES2-EGFP vector plasmid and PIRES2-
EGFP-TRAF2 plasmid were transfected into the cells by a
Lipofectamine™ 3000 transfection reagent kit. After culturing
under 5% CO2 environment at 37 °C for 24 h, the cells were treated
with CP-25(10−4 mol/L) or CP-25(10−5 mol/L) or etanercept (10 μg/
mL). The cell culture was continued at 37 °C under 5% CO2 for 24
h, and then the cells were observed. In addition, the transfected
cells were lysed in cell lysis buffer with PMSF at 4 °C for 30 min,
and then centrifugation followed at 14 000 × g for 10 min at 4 °C.
The supernatants were transferred into 1.5 mL tubes and detected
by a BCA protein quantitation kit. The denatured protein was
isolated by 10% SDS-PAGE and transferred onto a PVDF
membrane. The membranes were blocked with Tween 20-PBS
with 5% nonfat milk for 2 h at room temperature. After incubation
with the primary antibodies of rabbit monoclonal TRAF2 (1:500)
and mouse monoclonal anti-β-actin (1:500) at 4 °C overnight, the

membranes were incubated with secondary antibodies conju-
gated with HRP (1:60,000) for 2 h at 37 °C. The detection of the
membrane was observed and analyzed by the ImageJ launcher of
a computerized densitometer and ImageJ software.

Statistical analysis
The data in the figures are presented as the mean ± standard
deviation (SD). An analysis of variance (ANOVA) (SPSS Software
Products, USA) was used to determine the significant differences
between the groups. P values less than 0.05 were considered
significant.

RESULTS
CP-25 decreased the AI and SJC and recovered the low weight of
the CIA mice
The results showed that the onset of inflammation appeared
approximately at day 29 after the primary immunization. The
forefeet and hind feet appeared red and swollen in sequence.
The AI and SJC were increased with the development of arthritis.
The peak of the swelling paws in the CIA mice appeared on day
41 after the primary immunization (Fig. 2a, b). CP-25 decreased

Fig. 2 The AI, SJC and weights were observed in CIA mice and the effect of CP-25. a The arthritis index (AI) of individual CIA mice from day 29
to day 69 after immunization. b The swollen joint counts (SJC) of individual CIA mice from day 29 to day 69 after immunization. c The AI of CIA
mice were assessed and the effects of CP-25. d The SJC of CIA mice were observed and the effects of CP-25. e The weights of CIA mice were
observed and the effects of CP-25. **P < 0.01 vs. Normal, #P < 0.05, ##P < 0.01 vs. CIA. $P < 0.05 vs. CP-25
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the AI and SJC and recovered the low weight of the CIA mice.
The paw swelling of the mice in the CP-25 group gradually
decreased from day 63. The AI of the CP-25 group was
significantly reduced on the 69th day. The SJC in the rituximab
and etanercept groups was reduced on day 55. The AI in the
rituximab group showed a decrease on day 63. Etanercept
decreased AI on day 55. Compared with CP-25, the time for the
inhibitory effects of rituximab and etanercept on paw swelling
and AI was early (Fig. 2c–e).

CP-25 alleviated spleen histopathology changes
The histopathology examinations in the spleen were observed
by H&E staining. More GCs, infiltrated inflammatory cells,
and lymphoid follicular hyperplasia were observed in the CIA
mice. Compared with normal mice, an increased PALs,
marginal zone and red pulp were also found. After
treatment with CP-25 (35 mg/kg), rituximab (5 mg/kg), and
etanercept (5 mg/kg), the red pulp congestion was
alleviated, the number of GCs decreased, and the PALs were
reduced (Fig. 3a, b).

CP-25 improved joint histopathology changes
The histopathological changes of the joints were analyzed by H&E
staining, and the results showed that there were differences
among the CP-25, rituximab and etanercept-treated mice and the
CIA mice. A monolayer synovium or a two-layer synovium was
observed, and there were no inflammatory cells in the normal

Fig. 3 Histopathological evaluation of spleen and joint in CIA mice and the effect of CP-25. a In normal mice, → shows red pulp, ↓ shows
white pulp. In CIA mice, → shows germinal center, ↓ shows lymphoid follicular hyperplasia, ↙ periarteriolar lymphoid sheaths, ↘ shows red
medullary congestion. b The histological appearances of spleen were assessed. #P < 0.05 vs. CIA (n= 6). c In normal mice, ↓ shows synovial
membrane. In CIA mice, ↑ shows synovium hyperplasia, ↓ shows inflammatory cell infiltration, ← shows vascular pannus, ↖ shows cartilage
damage. d The histological appearances of joints were assessed. #P < 0.05 vs. CIA (n= 6)

Fig. 4 The effects of CP-25 on thymus/spleen indices and T/B cells
proliferations in CIA mice. a Effects of CP-25 on indices of thymus
and spleen in CIA mice. **P < 0.01 vs. Normal. #P < 0.05 vs. CIA. $P <
0.05 vs. CP-25. b Effects of CP-25 on proliferations of T cell and B
cell in CIA mice. **P < 0.01 vs. Normal. ##P < 0.01 vs. CIA. $$P < 0.01 vs.
CP-25
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mice. The synovium of the CIA mice showed hyperplasia, a pannus
was formed, cartilage was destroyed, and inflammatory cells
infiltrated into the synovium, and scores of inflammation were
elevated. These abnormalities were mitigated significantly after
the administration of CP-25, rituximab, and etanercept. CP-25
reduced synovium hyperplasia, cartilage erosion, and inflamma-
tion scores. Rituximab and etanercept decreased synovium
hyperplasia, bone erosion, the infiltrated inflammatory cells, and
inflammation scores (Fig. 3c, d).

The regulatory effects of CP-25 on the spleen index and thymus
index
Compared with normal mice, the spleen index and thymus index
obviously increased. CP-25, rituximab, and etanercept significantly
inhibited the thymus index and the spleen index. There was a

significant difference between CP-25 and etanercept. The effect of
etanercept on the thymus index was stronger than the effect of
CP-25 (Fig. 4a).

The effect of CP-25 on the thymus T-cell and spleen B-cell
proliferation
T-cell and B-cell proliferation was measured by CCK-8. The
proliferation of the T cells and B cells in the CIA mice was
significantly higher than that in the normal mice. CP-25, rituximab,
and etanercept inhibited the abnormal proliferation of the T cells
and B cells. The inhibitory effect of rituximab and etanercept on T-
cell proliferation was stronger than that of CP-25. Rituximab and
etanercept strongly inhibited T-cell proliferation to under the
normal levels. There was a significant difference between the
normal group and the rituximab group or the normal group and

Fig. 5 The effects of CP-25 on B cells and BAFF receptors in PBMCs of CIA mice by flow cytometry. a CD19+ total B-cell percentages in PBMCs
were analyzed and the effect of CP-25. b The effect of CP-25 on CD19+CD27+-activated B-cell percentages in PBMCs. c
CD27+CD19–CD138+plasma cells percentages in PBMCs were analyzed and the effect of CP-25. d The effect of CP-25 on CD19+BAFFR+

cell expressions in PBMCs. e The effect of CP-25 on CD19+TACI+ cell expressions in PBMCs. *P < 0.05, **P < 0.01 vs. Normal. #P < 0.05, ##P < 0.01
vs. CIA. $P < 0.05 vs. CP-25
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Fig. 6 The effects of CP-25 on B cells and BAFF receptors in spleen lymphocytes of CIA mice by flow cytometry. a The percentages of B-cell
subsets were observed. b The percentage of CD19+ total B cells, CD27+CD19–CD138+plasma cells in spleen lymphocytes of CIA mice were
analyzed and the effect of CP-25. c CD19+CD27+-activated B-cell percentages in spleen lymphocytes of CIA mice were analyzed and the effect
of CP-25. d The expressions of BAFF receptors were observed. e The percentages of CD19+BAFFR+ cell and CD19+TACI+ cell in spleen
lymphocytes of CIA mice and the effect of CP-25. *P < 0.05, **P < 0.01 vs. Normal
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the etanercept group. CP-25 mildly downregulated T-cell prolif-
eration to a normal level (Fig. 4b).

The percentage of B-cell subsets and the BAFF receptor expression
in the different inflammatory phase of CIA mice in the PBMCs and
the effect of CP-25
The percentage of B-cell subsets and the BAFF receptor expression
in the PBMCs was analyzed by flow cytometry. The percentage of
CD19+ total B cells, CD19+CD27+-activated B cells, CD19+BAFFR+,
and CD19+TACI+ cells increased on day 45 after primary
immunization, and the percentage of CD19−CD27+CD138+

plasma cells was elevated on day 35. The percentages of CD19+

total B cells and CD19+TACI+ cells were reduced in the CP-25
group on day 65, the percentage of CD19+CD27+-activated B cells
and CD19+BAFFR+ cells decreased on day 45, and the percentage
of CD19−CD27+CD138+ plasma cells decreased on day 35. The
suppressive effects of rituximab and etanercept on the B-cell
subsets were stronger than that of CP-25. There was a significant
difference between the CP-25 group and the rituximab group or
the CP-25 group and the etanercept group. Rituximab and

etanercept inhibited the CD19+CD27+-activated B cells and the
CD19−CD27+CD138+ plasma cells percentages below the normal
levels. There was a significant difference between the normal
group and the rituximab group or the normal group and the
etanercept group in the CD19+CD27+-activated B cells and the
CD19−CD27+CD138+ plasma cells (Fig. 5a–e).

The percentage of B-cell subsets and BAFF receptor expression in
the spleen lymphocytes of the CIA mice and the effect of CP-25
Compared with normal mice, the percentage of the CD19+ total B
cells, CD19+CD27+-activated B cells, CD19−CD27+CD138+ plasma
cells, CD19+BAFFR+ cells, and CD19+TACI+ cells increased in the
CIA mice. CP-25, rituximab, and etanercept inhibited the
percentages of the CD19+ total B cells, CD19+CD27+-activated B
cells and CD19−CD27+CD138+ plasma cells and reduced the
CD19+BAFFR+ and CD19+TACI+ cell percentages. Etanercept
inhibited the CD19+CD27+-activated B-cell percentages under
normal levels compared with the normal group. There was no
significant difference between CP-25 and rituximab or CP-25 and
etanercept (Fig. 6a–e).

Fig. 7 The effect of CP-25 on BAFF levels, immunoglobulin expressions. a The effect of CP-25 on BAFF levels in CIA mice. b The effect of CP-25
on IgE and IgG3 levels in CIA mice. c The IgG1 levels in CIA mice and the effect of CP-25. d The levels of serum IgA, IgG2a, and IgG2b in CIA
mice and the effect of CP-25. e The levels of serum IgD and IgM in CIA mice and the effect of CP-25. *P < 0.05, **P < 0.01 vs. Normal. #P < 0.05,
##P < 0.01 vs. CIA. $P < 0.05, $$P < 0.01 vs. CP-25
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The serum level of BAFF and the effect of CP-25
The serum level of BAFF in mice was detected by ELISA. As
expected, we found a significant elevation of BAFF in the CIA mice.
CP-25, rituximab, and etanercept downregulated the level of BAFF.
However, there was no significant difference among the three
drugs (Fig. 7a).

The immunoglobulin levels and the effect of CP-25
The levels of IgA, IgE, IgD, IgM, IgG1, IgG2a, IgG2b, and IgG3 were
analyzed by protein array systems. Compared with normal mice,
the levels of IgA, IgE, IgD, IgG1, IgG2a, and IgG2b were significantly
increased in the CIA mice, but the levels of IgM and IgG3 showed
no change between the normal mice and the CIA mice. CP-25,
rituximab, and etanercept decreased the levels of IgA, IgD, IgG1,
IgG2a, and IgG2b. Interestingly, rituximab and etanercept
decreased the level of IgE, but CP-25 had no effect on IgE. These
three drugs had no effect on the IgG3 and IgM levels. Rituximab
and etanercept decreased the levels of IgA and IgG2a below
normal levels. There was a significant difference between the
normal group and the rituximab group or the normal group and
the etanercept group. The effect of rituximab and etanercept on
the levels of IgD, IgA, and IgG2a was stronger than that of CP-25.
There was a significant difference between the CP-25 group and
the rituximab group or the CP-25 group and the etanercept group.
Etanercept strongly inhibited the levels of IgG1 under the normal
level. CP-25 mildly downregulated the levels of IgA, IgG1, and
IgG2a in the CIA mice to a normal level (Fig. 7b–e).

The percentage of CD19+TRAF2+ cells in the spleens of the mice
and the effect of CP-25
The percentage of CD19+TRAF2+ cells was analyzed by flow
cytometry. Compared with the control group, the expression of

CD19+TRAF2+ cells increased after stimulation by BAFF. CP-25,
rituximab, and etanercept reduced the expression of
CD19+TRAF2+ cells. There was a significant difference between
the CP-25 group and the etanercept group. The suppressive
effect of etanercept on the expression of CD19+TRAF2+ cells
was stronger than that of CP-25. Etanercept and rituximab
inhibited the expression of CD19+TRAF2+ cells below normal
levels (Fig. 8a, b).

The overexpression of TRAF2 in HEK 293 cells and the effect
of CP-25
The expression of TRAF2 was observed and analyzed by
fluorescence microscopy and a Western blot. Compared with
the control (HEK 293 cell) group and the PIRES2-EGFP vector
group, the expression of TRAF2 was increased in the PIRES2-EGFP-
TRAF2 plasmid transfection group. CP-25 and etanercept sig-
nificantly decreased the overexpression of TRAF2 (Fig. 9a–c). There
was no significant difference between the CP-25 group and the
etanercept group.

The expression of TRAF2, MKK3, MKK6, p-P38, and p-NF-κB65 in
the B cells and the effect of CP-25
The expressions of TRAF2, MKK3, MKK6, p-P38, and p-NF-κB65
were analyzed by Western blots. Compared with normal mice, the
expressions of TRAF2, MKK3, MKK6, p-P38, and p-NF-κB65 were
obviously increased in the CIA mice. Rituximab and etanercept
decreased the elevated expression of TRAF2, MKK3, MKK6, p-P38,
p-NF-κB65 in the spleens of the CIA mice. Moreover, CP-25
reduced the expression of TRAF2, MKK3, MKK6, p-P38, and p-NF-
κB65, and the inhibitory effect of rituximab on the expression of
TRAF2, MKK6, and p-P38 was stronger than that of CP-25. The
inhibitory effect of etanercept on the expression of TRAF2, MKK3,

Fig. 8 The effect of CP-25 on the expressions of CD19+TRAF2+ cells of mice. a The effect of CP-25 on the expressions of CD19+TRAF2+ cells of
mice by flow cytometry. b The percentages of CD19+TRAF2+ cells were observed and the effect of CP-25. The expressions of CD19+TRAF2+

cells were increased after BAFF induction CP-25, rituximab, and etanercept reduced the expressions of CD19+TRAF2+ cells stimulated by BAFF.
**P < 0.01 vs. Control. ##P < 0.01 vs. BAFF. $P < 0.05 vs. CP-25
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MKK6, p-P38, and p-NF-κB65 was stronger than that of CP-25
(Fig. 10a, b). Etanercept inhibited the expression of MKK6 and p-
P38 below normal levels. CP-25 regulated the expression of the
MKK6 and p-P38 expressions to normal levels.

DISCUSSION
RA is an autoimmune disease that affects multiple joints
and causes physical disability. Studies of drug therapies for RA
have made remarkable progress recently [39]. The CIA mice model
is very similar to the pathogenesis of human RA and is a
recognized animal model for studying the pathology of RA and
therapeutic drugs [8]. In this study, the AI and SJC of the CIA mice
increased with the process of inflammation. The pathological
changes of spleen and joint synovium in the CIA mice were also
abnormal. These findings were consistent with a previous
study [35].
T cells and B cells play important roles in autoimmune diseases,

including RA. Recent studies have demonstrated a strong

correlation between the duration of the disease and the
percentage of memory B cells in RA patients [40]. In our study,
T cells and B cells showed an abnormal proliferation in the CIA
model. The percentages of CD19+ total B cells, CD19+CD27+-
activated B cells, and CD19−CD27+CD138+ plasma cells were
elevated in the PBMCs and spleen lymphocytes of the CIA mice. It
was clarified that B cells were crucial to the process of arthritis.
Increased plasma cells result in the abnormal production of
immunoglobulins, and immunoglobulins are also involved in the
pathology of RA. In a previous study in our lab, the IgD level
increased in the RA patients, and IgD stimulated the activation of
the PBMCs in RA patients [12]. IgM is one major type of B-cell
receptor (BCR) expressed on most of the B cells from the immature
to mature stage. IgM-deficient mice exhibited a significantly
reduced incidence of CIA and an attenuated disease severity [41].
The elevated BAFF in transgenic mice resulted in an increase in
serum immunoglobulins, such as IgA, IgE, IgM, IgG [42]. Here, the
levels of immunoglobulin (IgA, IgD, IgE, IgM, IgG1, IgG2a, IgG2b,
and IgG3) in the mice were measured. The levels of IgA, IgE, IgD,

Fig. 9 The overexpression of TRAF2 in HEK 293 cell and the effect of CP-25. a The figure showed transfection of PIRES2-EGFP-TRAF2 plasmid
and the effect of CP-25. b The overexpression of TRAF2 was analyzed by Western blotting. c The effect of CP-25 on the expressions of TRAF2.
**P < 0.01 vs. Control. ##P < 0.01 vs. PIRES2-EGFP. &P < 0.05 vs. PIRES2-EGFP-TRAF2
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IgG1, IgG2a, and IgG2b were elevated in the CIA mice. These
results indicated that the activation and differentiation of B cells
were abnormal during the process of CIA.
BAFF is one of the major factors regulating B-cell development

and homeostasis through the binding of its three receptors [43]. In
CIA mice and an AA rat model, the BAFF levels were significantly
high [30, 38]. The study by Jia et al. showed that the mRNA
expressions of BAFF and BAFFR were increased in the mesenteric
lymph nodes in AA rats [43]. In the research by Tue G et al., BAFF
exerted a positive effect on the maturation and proliferation of B
cells [44]. These findings were consistent with our results that the
serum BAFF levels in CIA mice were enhanced, which might lead
to the abnormal proliferation, activation, and differentiation of B
cells. Activated BAFFR mediates the classical and nonclassical NF-
κB signaling pathways [21]. TRAF2 is a multifunctional regulator
that regulates the canonical and noncanonical NF-κB pathways in
B cells [23]. In this study, we analyzed the canonical NF-κB
pathway by the expressions of key molecules in CIA mice.
Moreover, we detected the expression of CD19+TRAF2+ cells
stimulated by BAFF in the mice and measured the overexpression
of TRAF2 in the HEK 293 cells. We found that the expressions of
BAFFR and TACI were upregulated on the B cells in the PBMCs and
spleen lymphocytes in the CIA mice. CD19+TRAF2+ cell expression
increased in the spleen of the mice stimulated by BAFF in vitro.
The expressions of TRAF2, MKK3, MKK6, p-P38, and p-NF-κB65 in
the B cells of the spleen obviously increased in the CIA mice. This
finding suggests that the NF-κB signaling pathways mediated by
BAFF in the B cells of the CIA mice were abnormal.
In clinics, therapeutic drugs for RA include nonsteroidal anti-

inflammatory drugs, steroidal anti-inflammatory drugs, disease-
modifying antirheumatic drugs, biological agents, traditional

Fig. 10 The effect of CP-25 on the NF-κB signaling molecules
expressions. a The expression of TRAF2, MKK3, MKK6, p-P38, and p-
NF-κB65 in B cells of mice were analyzed by Western blotting. b The
effect of CP-25 on the expressions of key molecules in NF-κB
signaling. **P < 0.01 vs. Normal. #P < 0.05, ##P < 0.01 vs. CIA. $P < 0.05,
$$P < 0.01 vs. CP-25

Fig. 11 To summary the effect of CP-25, rituximab and etanercept on BAFF/BAFF receptor-TRAF2-NF-κB signaling in B cell on CIA mice. The
whole criteria of CIA mice were increased, the function of B cells was abnormal, and NF-κB signaling pathways mediated by BAFF in B cells of
CIA mice were activated. CP-25 reduced the whole criteria, T/B cells proliferations, and downregulated abnormal B-cell function and the key
molecules of BAFF-NF-κB signaling pathways. The action intensity of rituximab and etanercept on B cells was strong, which might be one of
mechanisms of adverse reaction. AI arthritis index, BAFF B-cell activating factor, BAFFR B-cell activating factor receptor, CIA collagen-induced
arthritis, CREB cAMP response element binding protein, MKK3 mitogen-activated protein kinase kinase 3, MKK6 mitogen-activated protein
kinase kinase 6, p-P38 phosphorylated p38 mitogen-activated protein kinase, NF-κB nuclear factor of kappa B, IκB inhibit of nuclear factor of
kappa B, SJC swollen joint counts, TACI transmembrane activator and calcium modulator and cyclophilin ligand interactor, TRAF2 tumor
necrosis factor receptor-associated factors 2
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Chinese medicine, and natural medicine. The therapeutic effects
of drugs have been achieved, but the adverse reactions of some
drugs were also observed. Adverse reactions, such as malignant
tumors and infections, have been found with biological agents,
including a BAFF monoclonal antibody, a CD20 monoclonal
antibody (rituximab), and the inhibitors of TNF-alpha (etanercept)
[45–49]. CP-25 is a new ester derivative from the chemistry
construct modifications of Pae, and Pae is from Chinese traditional
medicine [28]. Previous studies in our lab have demonstrated that
CP-25 alleviated the inflammatory process by regulating the
abnormal immune system in experimental arthritis [34, 35]. In this
study, we further clarified the effective mechanisms of CP-25 on
CIA mice, specifically to investigate the regulatory effects of CP-25
on B-cell function. Additionally, we also compared the effect
features of CP-25 with biological agents (rituximab or etanercept).
CP-25 reduced the percentage of total B cells, the activated B cells
and the plasma cells, decreased the expression of the BAFF
receptors, downregulated the level of BAFF, inhibited the
activation of the NF-κB signaling pathway in the CIA mice, and
decreased the expression of CD19+TRAF2+ cells in the mice and
the overexpression of TRAF2 in vitro. These findings suggest that
CP-25 downregulated the function of B cells by adjusting the
BAFF-BAFF receptor-TRAF2-NF-κB signaling pathways.
The effect of rituximab and etanercept on B-cell function was

stronger than that of CP-25. Rituximab and etanercept strongly
inhibited the B-cell subsets, the BAFF receptor expression, the
level of immunoglobulins, and so on, to be under the normal level.
There was a significant difference between the CP-25 group and
rituximab group or the CP-25 group and etanercept group. The
effect of CP-25 was mild. These results suggest that CP-25 might
be a soft immunomodulatory drug with an anti-inflammatory
effect [50]. Meanwhile, the dysfunction of T/B cells, caused by
rituximab and etanercept, may be one of the mechanisms of the
adverse reactions in the treatment of RA.

CONCLUSION
In conclusion, BAFF plays an important role in B-cell activation by
mediating TRAF2-NF-κB signaling in the pathological progress of
CIA. CP-25 has a therapeutic effect on CIA mice by decreasing AI
and SJC and inhibiting T/B-cell proliferation. CP-25 inhibited
activated B-cell function by downregulating the percentage of B-
cell subsets, the BAFF receptor expression, the BAFF levels and the
immunoglobulin levels and inhibiting the activation of the NF-κB
signaling pathways (Fig. 11). These findings suggest that CP-25
might be a soft immunomodulatory drug with an anti-
inflammatory effect. The effect of rituximab and etanercept on
the function of B cells was stronger than that of CP-25, which
might be one of the mechanisms of the adverse reaction in the
immune system for the biological agent. This study might provide
new insight for the development of anti-inflammatory immune
drugs for the treatment of RA.
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