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Summary

Transmembrane activator and calcium modulator and cyclophilin ligand
interactor-immunoglobulin (TACI-Ig) is a human fusion protein that binds
and neutralizes both B lymphocyte stimulator (BLyS), a cytokine shown to be
a key regulator of B cell maturation, proliferation and survival, and a
proliferation-inducing ligand (APRIL). Rat adjuvant arthritis (AA) is an
experimental animal model of rheumatoid arthritis (RA), which is mainly
dependent on T cells and neutrophil-mediated cytokine production. The
purpose of the present study was to investigate the effects of TACI-Ig on rat
AA. Rat AA was induced by intradermal injection of 0·1 ml complete Freund’s
adjuvant (CFA). TACI-Ig (0·7, 2·1 and 6·3 mg/kg), recombinant human
tumour necrosis factor-a receptor (rhTNFR) : Fc (2·8 mg/kg) and IgG-Fc
(6·3 mg/kg) were administered subcutaneously every other day from days 16
to 34 after immunization. Arthritis was evaluated by arthritis global assess-
ment and swollen joint count (SJC). The ankle joint and spleen were harvested
for histopathological examination. Spleen index and thymus index were
calculated. The levels of BLyS, interleukin (IL)-17, interferon (IFN)-g, IgG1,
IgG2a and IgM in AA rat spleen were measured by enzyme-linked immun-
osorbent assay. Administration of TACI-Ig significantly reduced the arthritis
global assessment and SJC, decreased spleen index and ameliorated histo-
pathological manifestations of rat AA. Suppressing the levels of BLyS, IL-17,
IFN-g and Ig in AA rat spleen were observed after administration of TACI-Ig.
These results showed that TACI-Ig significantly inhibited the degree of rat AA,
and the inhibitory effects might be associated with its ability to reduce BLyS,
proinflammatory cytokines and Ig levels in spleen.
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Introduction

Rheumatoid arthritis (RA) is a chronic disorder that mainly
targets the synovial membrane of joints but can also have
systemic manifestations [1]. The disease is characterized by
synovial membrane hyperplasia and infiltration of inflam-
matory cells, including activated B cells. Although it has long
been considered a T cell/macrophage-driven pathology, the
success of B cell-targeted therapies (for example, rituximab)
in the treatment of RA patients has led investigators to reas-
sess the critical role of B cells in RA pathogenesis [2–4]. It is
now established that B cells have many more functions in RA
than simply producing autoantibodies (rheumatoid factor,
anti-cyclic citrullinated proteins, and so on); B cells are also

potent antigen-presenting cells (APC) and play a critical role
in the activation of T cells in the synovium of RA. Further-
more, B cells not only respond to but also produce proin-
flammatory cytokines such as tumour necrosis factor
(TNF)-a [5–8]. Thus, B cells have emerged as rational
targets for new drug development in RA.

B lymphocyte stimulator (BLyS; trademark of Human
Genome Sciences, Rockville, MD, USA) is also called BAFF,
THANK, TALl-1, TNFSF13b and zTNF4. This cytokine is
shown to be a key regulator of B cell maturation, prolifera-
tion and survival, and is an identified 285-amino acid
member of the TNF ligand superfamily. BLyS is expressed by
a few stromal cells, T cells and most myeloid cell lineages,
including monocytes, macrophages, dendritic cells and
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stimulated neutrophils [9,10]. A proliferation-inducing
ligand (APRIL), also called TNFSF13a, is another TNF
family member that is closely related to BLyS [11,12]. Three
TNF receptor-related receptors have been identified that
have unique binding affinities for BLyS and APRIL: trans-
membrane activator or calcium-modulating cyclophylin
ligand-interactor (TACI), B cell maturation antigen (BCMA)
and B cell activating factor receptor (BAFF-R). TACI and
BCMA bind both BLyS and APRIL, while BAFF-R appears to
bind only BLyS with high affinity [13,14]. TACI is expressed
not only on mature B cells but also on activated T cells,
which suggests that BLyS and APRIL may also regulate T
cell-mediated immune functions [15].

Mounting evidence from human and animal models sup-
ports an important role of BLyS and APRIL in the develop-
ment of autoimmune disease. Over-expression of BLyS in
BLyS-transgenic mice results in B cell hyperplasia, hyper-
gammaglobulinaemia and development of autoimmune-like
disease [13,16]. Similarly, over-expression of BLyS acceler-
ates B6.Sle1.BAFF and B6.Nba2.BAFF mice develop a lupus-
like phenotype consisting of anti-double-stranded DNA
(anti-dsDNA) antibodies and immunoglobulin (Ig) deposi-
tion in the kidneys [17]. In addition, circulating heterotrimer
complexes of BLyS and APRIL have been identified in serum
from patients with rheumatic diseases [18]. Elevated BLyS
and APRIL levels are found in serum and in synovial fluid of
patients with RA and systemic lupus erythematosus (SLE),
and the levels of BLyS and APRIL are higher in RA synovial
fluid than in blood, particularly in the presence of significant
joint inflammation, suggesting that these ligands may play
an important role in the inflamed synovial compartment
[19–21].

The above-mentioned compelling observations in human
and animal models have led to the development of several
BLyS and APRIL antagonists, including Ig fusion proteins for
three receptors (TACI, BCMA, BAFF-R) and monoclonal
antibody against BLyS. Among these antagonists, clinical
researches of TACI-Ig fusion protein (atacicept) and mono-
clonal antibody (belimumab) for the treatment of SLE and
RA are under way.

TACI-Ig contains the BLyS/APRIL-binding extracellular
portion of the TACI molecule fused to the Fc portion of
human IgG1, and can be used to neutralize BLyS and APRIL
and prevent them from binding to their receptors. Trans-
genic mice that express TACI-Ig have few mature B cells,
reduced concentrations of Ig and a significant decrease in the
number of CD4+ and CD8+ T cells in spleens and mesenteric
lymph nodes [22]. Administration of TACI-Ig significantly
ameliorates the disease symptoms in collagen-induced
arthritis (CIA) mice, synovium-severe combined immuno-
deficient (SCID) mouse chimeras and SLE-prone NZB/
NZW F1 mice, but thus far no study has reported on the
effects of TACI-Ig on rat adjuvant arthritis (AA), a model
which involves primarily T cell autoimmune reaction to
joints [22–24]. Recombinant human TNF-a receptor : IgG

Fc (rhTNFR : Fc) fusion protein is a soluble TNF receptor
fusion protein that binds and inactivates TNF, a proinflam-
matory cytokine which plays a central role in RA
pathogenesis. rhTNFR : Fc reduces symptoms of RA, pre-
vents or slows progressive joint destruction and serves as an
ideal positive control in RA research [25,26]. IgG-Fc contains
the Fc portion of human IgG1; it has no therapeutic effect on
RA. rhTNFR : Fc and IgG-Fc were used as suitable positive
and negative controls, respectively, in the present study.

In the present study, we examined the effects of TACI-Ig
on secondary inflammation reaction and histopathological
injury in AA rats. In addition, we investigated whether
TACI-Ig attenuated the progression of rat AA by reducing
proinflammatory cytokines and Ig levels in spleen of AA rats,
which played an important role in the pathogenesis of RA.

Materials and methods

Animals

Male Sprague–Dawley (SD) rats weighing 150–180 g were
purchased from the Experimental Animal Center of Anhui
Medical University (Grade II, Certificate no. 2008-0016).
The animals were housed in a room with a controlled
ambient temperature (22°C � 2°C) and humidity
(50% � 10%), with food and water ad libitum. Animals were
acclimated to the housing conditions for 3 days before
experiments. All experimental protocols described in the
present study were approved by the Ethics Review Commit-
tee for Animal Experimentation of Institute of Clinical Phar-
macology of Anhui Medical University.

Reagents

Complete Freund’s adjuvant (CFA) was purchased from
Sigma (St Louis, MO, USA). Human TACI-Ig fusion protein
and IgG-Fc were provided by Shandong Rongchang Biologi-
cal Medicine Co. Ltd, and both were dissolved in 0·9% saline
at different concentrations before use. RhTNFR : Fc fusion
protein was purchased from Shanghai CP Guojian Pharma-
ceutical Co. Ltd. Enzyme-linked immunosorbent assay
(ELISA) kits for BLyS, interleukin (IL)-17, interferon
(IFN)-g, IgG1, IgG2a and IgM were purchased from R&D
Systems, Inc. (Minneapolis, MN, USA).

Induction of rat AA

The rat AA model was induced by a single intradermal injec-
tion of 0·1 ml of CFA into the right hind metatarsal rat
footpad. The day of CFA injection was designated day 0, and
the secondary inflammatory reaction occurred on approxi-
mately day 15.

Treatment of rat AA

Animals were divided randomly into seven groups before
CFA injection (day 0), in which the AA rats received TACI-Ig
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(0·7, 2·1 and 6·3 mg/kg, every other day), rhTNFR : Fc
(2·8 mg/kg, every other day) and IgG-Fc (6·3 mg/kg, every
other day) subcutaneously from days 16 to 34 after
immunization. The rats in normal and AA model groups
were given an equal volume of 0·9% saline at the same time.

Arthritis assessment

Rats were inspected daily for signs of arthritis under blinded
conditions. From day 7, rats were evaluated every 3–4 days
for two clinical parameters: arthritis global assessment and
swollen joint count (SJC).

Arthritis global assessment was based on symptoms of
different AA rat parts (ear: 0 = no nodule and redness,
1 = nodule and redness with one ear, 2 = nodule and redness
both ears; nose: 0 = no connective tissue swelling and
redness with nose, 1 = evident connective tissue swelling and
redness with nose; tail: 0 = no nodule and redness with tail,
1 = evident nodule and redness with tail; paw: 0 = no swell-
ing and redness with paw, 1 = one front or hind paw swelling
and redness, 2 = two paws swelling and redness, 3 = three
paws swelling and redness, 4 = four paws swelling and
redness). The above-mentioned cumulative scores were used
as arthritis global assessment, and a maximum value of each
rat scored 8.

Each paw had five phalanx joints and one ankle or wrist
joint; the maximum SJC for each rat was 24, including three
secondary arthritis paws and one primary arthritis paw. Two
of the above-mentioned arthritis assessment parameters
were evaluated on days 0, 7, 11, 15, 18, 22, 26, 30 and 34.

Histopathological examination

Rats were killed on day 35 for dissection of spleens and left
hind paws. Spleens and joints were removed, fixed in forma-
lin, decalcified in 10% ethylenediamine tetraacetic acid
(EDTA) and embedded in paraffin for histopathological
analysis. Serial paraffin sections were stained with haema-
toxylin and eosin (H&E) and the changes in spleens and
joints were evaluated histopathologically under blinded
conditions.

Histopathological evaluation in spleen was based on cel-
lularity and size of the B cell area in the white pulp and the
appearance of prominent germinal centre (GC) (0 = normal
spleen, 1 = slight proliferation of white pulp, 2 = moderate
proliferation of white pulp, 3 = severe proliferation of white
pulp and prominent GC).

The severity of arthritis in joint was graded from 0 to 4
according to the intensity of the lining layer hyperplasia,
mononuclear cell infiltration and pannus formation, as
described previously [27] (0 = normal ankle joint,
1 = normal synovium with occasional mononuclear cells,
2 = definite arthritis with a few layers of flat to rounded
synovial lining cells and scattered mononuclear cells and
dense infiltration with mononuclear cells, 3 = clear hyper-

plasia of the synovium with three or more layers of loosely
arranged lining cells and dense infiltration with mono-
nuclear cells, 4 = severe synovitis with pannus and erosions
of articular cartilages and subchondral bones).

Spleen index and thymus index

Rats were killed on day 35 for dissection of their spleens and
thymuses and the spleens and thymuses, respectively, were
weighed. The ratio of spleen weight to rat body weight rep-
resented the spleen index and the ratio of thymus weight to
rat body weight represented the thymus index.

Measurement of cytokine and Ig in spleen homogenate

Spleen homogenate was prepared by disrupting the spleen
tissue on a sterile fine nylon screen with 0·9% saline. Spleen
homogenate was centrifuged and supernatant was collected
for ELISA analysis. BLyS, IL-17, IFN-g, IgG1, IgG2a and IgM
concentrations in supernatant of spleen homogenate were
assayed by ELISA, respectively, according to the procedures
shown in the ELISA kits. Serially diluted samples and a stan-
dard were added to the ELISA plate and incubated at 37°C
for 30 min. The plate was washed five times following incu-
bation of specific detection antibodies. Horseradish peroxi-
dase (HRP)-conjugated reagent was added and incubated at
37°C for 30 min. After washing, the colour was developed by
adding chromogen solution and the reaction was ended with
stop solution. The concentration was calculated by absor-
bance at 450 nm.

Statistical analysis

Data are expressed as mean and standard deviation (s.d.).
The analysis of variance (anova) and Student’s t-test were
used to determine significant differences between groups.
Calculations were performed using the spss version 10·0
statistical package. Spearman’s correlation coefficients were
used to examine the correlations between rat arthritis and
spleen BLyS, IL-17 and IFN-g levels. Values of P < 0·05 were
considered significant.

Results

Effects of TACI-Ig on arthritis global assessment

CFA injection was administered on day 0 and the secondary
inflammatory reaction occurred on days 14–15. Treatment
with TACI-Ig (6·3 mg/kg) and rhTNFR : Fc (2·8 mg/kg)
diminished arthritis global assessment significantly in AA
rats from days 30 to 34 (P < 0·05) (Fig. 1).

Effects of TACI-Ig on SJC

After immunization, SJC increased in the AA model group
and IgG-Fc group compared with the normal group. Treat-
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ment with TACI-Ig (6·3 mg/kg) diminished SJC significantly
in AA rats from days 30 to 34 (P < 0·05), and rhTNFR : Fc
(2·8 mg/kg) diminished parameters significantly from days
26 to 34 (P < 0·05) (Fig. 2).

Effects of TACI-Ig on histopathology

In the AA model group and IgG-Fc treatment group,
immune response resulted in increased cellularity and size in
the follicles and marginal zone and the appearance of promi-
nent GC in white pulp. Administration of TACI-Ig (0·7, 2·1
and 6·3 mg/kg) and rhTNFR : Fc (2·8 mg/kg) alleviated
these abnormalities in varying degrees (Fig. 3).

In the normal rat ankle joint, synoviocytes were monolay-
ered and there was no infiltration of inflammatory cells. In

the AA model group and IgG-Fc treatment group, synovio-
cytes proliferated over three to eight layers with pannus for-
mation, and articular cartilage was eroded and infiltrated
with inflammatory cells. These abnormalities were alleviated
significantly in AA rats after administration of TACI-Ig (0·7,
2·1 and 6·3 mg/kg) and rhTNFR : Fc (2·8 mg/kg) (Fig. 4).

Effects of TACI-Ig on spleen index and thymus index

The spleen index and thymus index of the AA model group
and IgG-Fc group increased significantly when compared to
the normal group (P < 0·01). After administration of
TACI-Ig (2·1 and 6·3 mg/kg), the spleen index decreased
significantly compared to the model group (P < 0·01).
Administration of TACI-Ig (0·7, 2·1 and 6·3 mg/kg) and rhT-
NFR : Fc (2·8 mg/kg) had no significant influence on the
thymus index in AA rats (Table 1).

Effects of TACI-Ig on production of cytokine and
Ig in spleen

Figures 5 and 6, respectively, showed the effects of TACI-Ig
on BLyS, IL-17, IFN-g, IgG1, IgG2a and IgM levels in AA rat
spleen. BLyS, IL-17, IFN-g, IgG1, IgG2a and IgM levels in the
AA modeland IgG-Fc treatment group were significantly
higher when compared to the normal group (P < 0·01).
Administration of TACI-Ig (0·7, 2·1 and 6·3 mg/kg) and rhT-
NFR : Fc (2·8 mg/kg) decreased BLyS, IL-17, IFN-g, IgG1,
IgG2a and IgM levels in varying degrees.

To examine the correlations between the severity of
arthritis and the levels of cytokines in AA rat spleen, we
measured correlation coefficients between the arthritis
global assessment and the BLyS, IL-17 and IFN-g levels. The
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Fig. 1. Effects of transmembrane activator and calcium modulator

and cyclophilin ligand interactor-immunoglobulin (TACI-Ig) on

arthritis global assessment. TACI-Ig (6·3 mg/kg) diminished

significantly arthritis global assessment from days 30 to 34 (P < 0·05).

Data are expressed as mean � standard deviation from 10 animals for

each group. #P < 0·05 versus model group; ##P < 0·01 versus model

group.
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Fig. 2. Effects of transmembrane activator and calcium modulator

and cyclophilin ligand interactor-immunoglobulin (TACI-Ig) on

swollen joint count (SJC). TACI-Ig (6·3 mg/kg) diminished SJC

significantly from day 30 to day 34 (P < 0·05). Data are expressed as

mean � standard deviation from 10 animals for each group. #P < 0·05

versus model group; ##P < 0·01 versus model group.

Table 1. Effects of transmembrane activator and calcium modulator

and cyclophilin ligand interactor-immunoglobulin (TACI-Ig) on spleen

index and thymus index.

Groups

Dose

(mg/kg)

Spleen

index (mg/g)

Thymus

index (mg/g)

Normal – 2·09 � 0·11 1·01 � 0·17

Model – 3·30 � 0·31** 1·51 � 0·19**

TACI-Ig 0·7 3·00 � 0·26 1·48 � 0·50

2·1 2·52 � 0·11*** 1·48 � 0·14

6·3 2·67 � 0·23*** 1·22 � 0·29

rhTNFR : Fc 2·8 3·00 � 0·45 1·41 � 0·48

IgG-Fc 6·3 3·15 � 0·18 1·34 � 0·13

Spleen index and thymus index of adjuvant arthritis (AA) model

group increased significantly compared to normal group (P < 0·01).

After administration of TACI-Ig (2·1 and 6·3 mg/kg), spleen index of AA

rats decreased significantly (P < 0·01) and administration of TACI-Ig

(0·7, 2·1 and 6·3 mg/kg) had no significant influence on thymus index of

AA rats. Data are expressed as mean � standard deviation from 10

animals for each group. **P < 0·01 versus normal group; *P < 0·05;

***P < 0·01 versus model group. rhTNFR: recombinant human tumour

necrosis factor-a receptor.
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results showed that the arthritis global assessment correlated
significantly with the above cytokines (Table 2).

Discussion

RA is a chronic cytokine-mediated inflammatory disease,
characterized by both cellular and humoral immune
responses. Mounting evidence in animal and human studies
supports a key role for BLyS and APRIL in the development
of autoimmune disease [16–21], and these studies have led to
the development of Ig fusion proteins for three receptors
(TACI, BCMA, BAFF-R) as BLyS antagonists, including
TACI-Ig. Studies in a series of animal models, including
TACI-Ig transgenic mice, human synovium-SCID mouse

chimeras, SLE-prone NZB/NZW F1 mice and CIA mice show
that TACI-Ig inhibits proliferation and development of B
cells and ameliorates autoimmune disease symptoms
[22–24]. A series of studies indicate that B cell depletion
therapy inhibits antigen-specific CD4+ T cell expansion, acti-
vation and proliferation in CIA mice [28]. TACI-Ig trans-
genic mice show a decrease in the number of CD4+ and CD8+

T cells in the spleens and mesenteric lymph nodes [22], and
TACI-Ig administration in mice also blocks activation of T
cells in vitro and inhibits antigen-specific activation and
priming of T cells in CIA mice [29]. These results provide
direct evidence that BLyS and/or APRIL contribute to T cell
activation and expansion in autoimmune disease. Although
TACI can be expressed on activated T cells, the role of BLyS

Fig. 3. Effects of transmembrane activator and

calcium modulator and cyclophilin ligand

interactor-immunoglobulin (TACI-Ig) on

histopathology of spleen (haematoxylin and

eosin, ¥100). In the adjuvant arthritis (AA)

model and IgG-Fc groups, immune response

resulted in increased cellularity and size

significantly in the white pulp, and with

prominent germinal centre (GC) (grade 3, b, g).

After administration of TACI-Ig (0·7 mg/kg),

the white pulp with prominent GC decreased in

cellularity and size when compared to the

model group (grade 2, c). Administration of

TACI-Ig (2·1 mg/kg) decreased white pulp in

cellularity and size (grade 1, d). After

administration of TACI-Ig (6·3 mg/kg), the

white pulp decreased in cellularity and size and

GC disappeared; the spleen architecture of rat

AA resembled normal spleen architecture

(grade 0, e). For treatment of recombinant

human tumour necrosis factor-a receptor

(rhTNFR) : Fc (2·8 mg/kg), white pulp

decreased in size and GC disappeared

(grade 1, f).

(a) (b)

(c) (d)

(e) (f)

(g)

Effects of TACI-Ig on AA rats
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and/or APRIL-TACI pathways in the regulation of T cell
function in RA is unknown.

The rat AA model resembles human RA in both clinical
and histopathological features. It serves widely as a mature
model to demonstrate the effects of new therapeutic agents
on human RA. Moreover, the rat AA model, which is mainly
dependent upon T cell- and neutrophil-mediated cytokine
production, is different from the animal models of autoim-
mune disease reported previously, such as CIA.

It is known that spleen is the largest secondary lymphoid
organ in rats, and also the largest peripheral B cell
compartment. Immune response results in the proliferation
of self-autoreactive B cells and formation of GC in the white
pulp, with the spleen index apparently increased. BLyS plays

an important role in promoting the inappropriate survival
and proliferation of B cell clones, and regulating both the
size and repertoire of the peripheral B cell compartment.
Over-expression of BLyS in BLyS transgenic mice results in
an expansion of the peripheral mature B cell compartment
[13,16]. Further study shows fewer transitional T2 B cells,
and mature B cells have been found in TACI-Ig transgenic
mice [22]. In addition, human synovium-SCID mouse chi-
meras treated with TACI-Ig result in ectopic GC destruction
[23], and in SLE-prone NZB/NZW F1 mice TACI-Ig
decreases the frequency of plasma cells in the spleen [24]. In
the present study, we found BLyS level increased significantly
in AA rat spleen when compared to the normal group, and
the spleen index and thymus index of AA rats increased

Fig. 4. Effects of transmembrane activator and

calcium modulator and cyclophilin ligand

interactor-immunoglobulin (TACI-Ig) on

histopathology of joint (haematoxylin and

eosin, ¥ 100). Joints of the adjuvant arthritis

(AA) model and IgG-Fc groups with

synoviocytes proliferated and pannus formation

and dense infiltration with mononuclear cells,

erosions of articular cartilage (grade 4, b,g). AA

rat treated with TACI-Ig (0·7 mg/kg), a clear

hyperplasia of the synovium with three or more

layers of loosely arranged lining cells and dense

infiltration with mononuclear cells (grade 3, c).

After treatment with TACI-Ig (2·1 mg/kg), a

slight hyperplasia of the synovium, infiltration

with scatter mononuclear cells (grade 2, d). AA

rat treated with TACI-Ig (6·3 mg/kg), synovium

resembled normal synovium with occasional

mononuclear cells (grade 1, e). For treatment of

recombinant human tumour necrosis factor-a
receptor (rhTNFR) : Fc (2·8 mg/kg),

synoviocytes proliferated and had eroding

articular cartilage and infiltration with

mononuclear cells (grade 3, f).

(a) (b)

(d)(c)

(e) (f)

(g)
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significantly, which implied indirectly that B cells and T cells
in peripheral lymphoid organ proliferated severely. More-
over, histopathological examination showed that white pulp
of AA rats increased significantly in cellularity and size, and
prominent GC emerged. TACI-Ig (2·1 and 6·3 mg/kg)
decreased the spleen index significantly (no significant influ-
ence on the thymus index) (Table 1) and ameliorated the GC
reaction (Fig. 3).

When inappropriate survival and proliferation of mature
B cells and plasma cells occur, overproducing autoantibodies
and Ig are detected. Hyperglobulinaemia, anti-ssDNA and
anti-dsDNA antibodies, and circulating immune complexes
present in BLyS transgenic mice [13,16]. Similarly, B6.Sle1.
BAFF and B6.Nba2.BAFF mice develop a lupus-like pheno-
type consisting of anti-dsDNA antibodies and Ig deposition

in the kidneys with elevated levels of BLyS [17]. In rat AA,
IgG1, IgG2a and IgM levels in spleen increased significantly.
TACI-Ig transgenic mice led to a decrease in Ig concentra-
tions and circulating IgG levels. Human synovium-SCID
mouse chimeras treated with TACI-Ig result in marked inhi-
bition of Ig transcription [23]. In addition in SLE-prone
NZB/NZW F1 mice, TACI-Ig reduces the level of IgM in the
serum [24]. In the present study, TACI-Ig reduced IgG1,
IgG2a and IgM levels in AA rat spleens (Fig. 6), suggesting
that BLyS may play a key role in promoting and sustaining
plasma cell dysfunction in rat AA, and absorption of BLyS
may result in reduced Ig levels.

IFN-g is a well-known proinflammatory cytokine. Previ-
ous studies show that GC-rich tissues produce significantly
higher IFN-g levels, suggesting that IFN-g may correlate

Fig. 5. Effects of transmembrane activator and

calcium modulator and cyclophilin ligand

interactor-immunoglobulin (TACI-Ig) on

production of B lymphocyte stimulator (BLyS)

(a), interleukin (IL)-17 (b) and interferon

(IFN)-g (c), respectively, in spleen of adjuvant

arthritis (AA) rats. Administration of TACI-Ig

(0·7, 2·1 and 6·3 mg/kg) and recombinant

human tumour necrosis factor-a receptor

(rhTNFR) : Fc (2·8 mg/kg) significantly reduced

BLyS (a), IL-17 (b) and IFN-g (c) levels in AA

rats, respectively (P < 0·01). Data are expressed

as mean � standard deviation (n = 8) for each

group. **P < 0·01 versus normal group;

#P < 0·05; ##P < 0·01 versus model group.
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Table 2. The correlations between the arthritis global assessment and the spleen B lymphocyte stimulator (BLyS), interleukin (IL)-17 and interferon

(IFN)-g levels.

BLyS IL-17 IFN-g

Regression equation y = 2·59106X–8·14141 y = 0·14972x–2·1400 y = 3·79596x–6·64395

Correlation coefficient 0·85305 0·9272 0·89727

P-value <0·0001 <0·0001 <0·0001

A significant positive relationship between the arthritis global assessment and the BLyS, IL-17 and IFN-g levels in spleen of adjuvant arthritis (AA)

rats, which includes the model group and the transmembrane activator and calcium modulator and cyclophilin ligand interactor-immunoglobulin

(TACI-Ig)-treated (6·3 mg/kg) group (n = 6).

Effects of TACI-Ig on AA rats
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closely with inappropriate survival and proliferation of self-
autoreactive B cells [23,30]. Previous studies have also shown
that BLyS gene expression and levels of membrane-
associated and soluble BLyS are found to be regulated by
IFN-g in vitro [31,32], and further study demonstrates that
BLyS also induces significantly higher levels of IFN-g secre-
tion of CD4+ T lymphocytes [33]. Human synovium-SCID
mouse chimeras treated with TACI-Ig results in marked
inhibition of IFN-g transcription [23]. IL-17 is a prominent
cytokine produced by T helper type 17 (Th17) cells. IL-17
exerts a strong proinflammatory effect, ensures the differen-
tiation, maturation and activation of neutrophils and stimu-
lates monocyte and fibroblast activation, and it is noticeable
that these cells are mainly BLyS producers [34]. Studies show
that B cell reduction by BLyS blockade is accompanied by
decreased frequencies of pathogenic CD4+CD40+ T cells and
reduced IL-17 levels, suggesting that BLyS levels may corre-
late positively with production of IL-17 [35]. In the present
study, we found that levels of IFN-g, IL-17 and BLyS
increased significantly in AA rat spleen and correlated sig-
nificantly with joint inflammation and clinical manifesta-
tions (Fig. 5 and Table 2). TACI-Ig decreased the elevated
IFN-g and IL-17 levels of AA rats. The results indicated that
anti-inflammatory action of TACI-Ig might be associated
with inhibiting IFN-g and IL-17 in AA rat spleen.

In addition, BLyS and APRIL exist by circulating heterot-
rimer complexes and have been identified in serum samples
taken from patients with systemic immune-based rheu-
matic diseases. Among three receptors (TACI, BCMA,
BAFF-R)-Ig fusion proteins as BLyS and/or APRIL antago-
nists, only TACI-Ig is able to block the biological activity of
the heterotrimeric complexes [19]. Although we have found
that BLyS levels apparently decreased in TACI-Ig-treated AA
rat spleen, the role of APRIL in rat AA is still unclear and
needs to be elucidated. The level of BLyS is higher in RA
synovial fluid than in serum, suggesting that BLyS may play
an important role in the inflamed synovial compartment.
Further studies found that fibroblast-like synoviocytes
(FLS) in synovioum express BLyS and APRIL and BCMA
receptors in RA [29,30]. Therefore, it is in our interest to
clarify the effect of TACI-Ig on FLS in AA rats and the
molecular mechanism of BLyS interacting with IFN-g and
IL-17. Exactly what role is played by BLyS in the complex
proinflammatory cytokine network in AA remains to be
determined and needs further research.

In summary, the present study showed that TACI-Ig had a
therapeutic effect on rat AA by absorption of BLyS/APRIL as
a decoy receptor. TACI-Ig decreased the spleen index, ame-
liorated the proliferation of splenic B cells and the formation
of GC. The levels of IL-17, IFN-g, IgG1, IgG2a and IgM in AA

Fig. 6. Effects of transmembrane activator and

calcium modulator and cyclophilin ligand

interactor-immunoglobulin (TACI-Ig) on

production of IgG1(a), IgG2a(b) and IgM(c) in

spleen of adjuvant arthritis (AA) rats. After

administration of TACI-Ig (0·7, 2·1 and

6·3 mg/kg) and recombinant human tumour

necrosis factor-a receptor (rhTNFR) : Fc

(2·8 mg/kg), IgG1 (a), IgG2a (b) and IgM (c)

levels reduced, respectively, in varying degrees.

Data are expressed as mean � standard

deviation (n = 8) for each group. **P < 0·01

versus normal group; #P < 0·05; ##P < 0·01

versus model group.
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rat spleen also decreased after TACI-Ig treatment. These
results suggest that BlyS may play an important role in the
pathogenesis of RA, and TACI-Ig represents a potentially
new immunotherapeutic agent for the management of
autoimmune diseases.
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