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Introduction
Rheumatoid arthritis (RA) is a systemic inflammatory 

disease, affecting about 0.5-1 percent of the population 
worldwide.1 RA affects women two to three times as often 
as men and has a peak onset between the ages of 40 and 
60. The clinical course is quite variable, ranging from mild 
joint discomfort to extensive multi-system inflammation.  
If left untreated, RA can cause significant disability, subs-
tantial economic costs, and higher mortality rates.2, 3      

There has been tremendous progress deciphering 
the cellular and molecular mechanism of RA, although 
the etiology remains incompletely defined. This immune 
driven systemic inflammatory disease is characterized 
by synovial and vascular proliferation with formation 
of pannus tissue, which damages articular cartilage 
and adjacent bone. Activation of specific CD4+ T cells, 
potentially due to as yet unidentified antigen(s), in an 
immunogenetically susceptible individual is hypothesized 
to be an early event in this process.4, 5 Activated T cells 
orchestrate a cell-mediated immune response, stimulating 
monocytes, macrophages, synovial fibroblasts, osteo-
clasts, and B cells.  A cascade of inflammatory mediators 
is then released that contributes to the sustenance of the 
ongoing immune activation and also directly causes signs, 
symptoms, and sequelae of the disease, such as destruc-
tion of joints.    
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Based on an improved understanding of the patho-
physiology of RA, novel therapies have been or are in 
the process of being developed that have more specific 
targets. Biological agents, including inhibitors of tumor 
necrosis factor α (TNF-α) and interleukin-1 (IL-1) have 
proven to be effective in clinical trials and practice.  
Currently approved biologics include three TNF-α inhi-
bitors (etanercept, infliximab, and adalimumab) as well as 
anakinra, a recombinant form of IL-1 receptor antagonist.  
Part of the impetus to develop novel biologic agents was 
the growing dissatisfaction with previously available 
therapies. Traditional therapies such as non-steroidal anti-
inflammatory drugs, corticosteroids, and the so-called 
“disease-modifying anti-rheumatic drugs” (DMARDs) 
helped ameliorate the symptoms of RA for some patients, 
but rarely induced sustained remission and can have toxi-
cities that prevent their long-term use. Biologic agents, 
particularly the TNF inhibitors, have changed the treat-
ment paradigm for RA. The goal now is to adopt an early, 
proactive approach to treatment as to prevent the damage 
from chronic synovial inflammation.  Studies have shown 
that biologics can slow disease progression, and when 
used in combination with DMARDs can potentiate treat-
ment response.  

Inhibitors of TNF-α
TNF-α is a soluble 17-kd protein homotrimer that 

binds to two receptors: type 1 TNF receptor (p55;CD120a) 
and the type 2 TNF receptor (p75;CD120b).6 A central 
cytokine, it has protean effects, including the induction 
of other inflammatory cytokines such as IL-1, IL-6, and 
granulocyte-monocyte colony-stimulating factor (GM-
CSF), and chemokines such as IL-8. In addition, TNF-α 
causes tissue destruction by promoting release of matrix 
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metalloproteinases, up-regulates cell trafficking through 
adhesion molecules and chemokines, increases the 
breakdown of proteoglycans in the cartilage, and poten-
tiates osteoclast differentiation and activation.7, 8 There is 
now abundant evidence that TNF inhibition dramatically 
improves patient outcomes in RA, as well as in other 
autoimmune systemic inflammatory conditions. Three 
TNF inhibitors are currently available wordwide: etaner-
cept is a recombinant protein that consists of a dimer of 
the type II (p75) TNF receptor linked to the Fc fragment 
of the IgG1; infliximab, a chimeric monoclonal anti-
TNF-α monoclonal antibody; and adalimumab, a human 
anti-TNF-α mAb. In both clinical trials as well as clinical 
experience, all three have been shown highly effective in 
reducing signs and symptoms of RA, preserving functional 
status, and inhibiting the progression of joint damage.9-16  
It has been shown that TNF inhitors work synergistically 
with methotrexate, and that combination has come to 
represent the “gold standard” for the treatment of RA. 
Hopwever, not al patients respond. Approximately one 
third of patients in clinical trials failed to achieve an ACR 
20 response criteria.  The so-called “60-40-20” rule refers 
to a response pattern with about 60% of patients reaching 
ACR20, 40% ACR50, and 20% ACR70.  The lack of res-
ponse by some patients and reactivation of disease activity 
in others suggests other critical pathways at work.   

Inhibitors of IL-1
IL-1 also appears to have a prominent role in synovial 

inflammation and displays many overlapping effects with 
TNF-α. RA patients have increased levels of IL-1 in the 
plasma and synovial fluid and its concentration has been 
correlated with disease activity.17 The IL-1 family encom-
passes 3 important cytokines involved in the disease 
process: IL-1α (a predominantly intracellular agonist), 
IL-1ß (a secreted agonist), and IL-1Ra (a secreted anta-
gonist).18 The two agonists, IL-1α and IL-1ß, are different 
in sequence identity but bind to a common receptor, IL-
1 receptor type I (IL-1RI), and have similar biological 
properties.19 Like TNF-α, IL-1 can activate a variety of 
inflammatory cells and mediators through signal transduc-
tion pathways. Several approaches toward inhibiting the 
activity of IL-1 have been explored. One proven strategy 
is to produce IL-1Ra to compete for binding of IL-1 to 
the IL-1 receptor.  Anakinra is a recombinant form of the 
human IL-1Ra that acts as a competitive receptor anta-
gonist. Administered via daily subcutaneous injection, 
anakinra has been shown in several studies to reduce 
signs and symptoms of RA, although the extent of impro-

vement is less than that seen with TNF antagonists.20, 21   

Treatment with anakinra did demonstrate some slowing of 
radiographic progression.22  In general, anakinra was well-
tolerated, with injection site reactions as the most frequent 
adverse event.23 

Combination therapy involving anakinra offered theo-
retical benefits by blocking the inflammatory pathway at 
multiple sites. In animal models of arthritis, the combi-
nation of an IL-1 inhibitor and a TNF inhibitor achieved 
synergistic efficacy in controlling inflammation and in 
preventing joint damage.24 But in a controlled study invol-
ving 240 RA patients, the combination of anakinra and 
etanercept had similar ACR responses to the group recei-
ving etanercept alone.25 There was a ‘biologic effect’ in 
that combination therapy was found to increase the risk of 
adverse events, particularly serious infections (6 seen with 
combination therapy compared to none with etanercept 
monotherapy). Therefore, treatment with both anti-IL-1 
and anti-TNF is currently contraindicated.         

Inhibitors of IL-6
IL-6 is a pleiotropic cytokine produced by a variety 

of immunocytes and mesenchymal cells. It is involved in 
many immune activities including the differentiation of B 
cells into plasma cells and T lymphocytes into cytotoxic T 
cells. IL-6 can also stimulate the activation of osteoclasts 
leading to proteoglycan breakdown26 and the production 
of acute phase reactants by hepatocytes.27 IL-6 binds to 
soluble or cell-bound IL-6 receptor (IL-6R) which then 
associates with cell surface glycoprotein gp130 stimula-
ting cellular activation.28 The presence of higher levels of 
IL-6 in the synovial fluid and serum of patients with RA 
compared with controls suggests a role in the pathogenesis 
of RA.29 Serum IL-6 concentrations correlate with disease 
activity30 and radiologic joint damage.31 Decreased levels 
have been found after treatment with DMARDs. Positive 
results from inhibition of IL-6 in animal studies led to 
investigation of IL-6 blockade as a strategy for treating 
RA. A humanized IL-6R mAb called MRA (tocilizu-
mab) was developed to bind to human IL-6R and be less 
immunogenic than murine ones. An initial study invol-
ved  patients with active RA who had failed at least one 
DMARD. Preliminary results have been promising, and 
further study is underway.    

Inhibitors of  IL-15
IL-15 is pro-inflammatory, pleiotropic cytokine 

involved in the activation of T cells, macrophages, and 
neutrophils.32 These targeted cells are of importance to the 
pathogenesis of RA.  Levels of IL-15 have been shown to 
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increase with RA disease duration in the serum33 as well 
as in the synovial membrane.34 IL-15 has been shown 
to enhance synovial T cell proliferation and cognate 
interactions between T cells and macrophages that lead 
to cytokine (TNF-α, etc) production.35 Therefore, IL-15 
could serve as an attractive therapeutic target. There are 
several potential approaches to IL-15 blockade including 
neutralizing antibodies, soluble IL-15 receptor antago-
nist (IL15Ra), and mutated IL-15 species, for example 
generated as fusion proteins. In murine CIA models, 
administration of IL15Ra36 and fusion protein37 has been 
shown to markedly inhibit the incidence and severity 
of arthritis. A human IgG1 mAb directed against IL-15 
(AMG 714) showed encouraging results in early clinical 
trials.38 Larger studies are needed in order to validate its 
therapeutic potential.        

Inhibitors of IL-18
IL-18 is a cytokine belonging to the IL-1 family. It 

induces the synthesis of pro-inflammatory factors such as 
TNF-α, IL-1B, IFN-γ, and GM-CSF.39 IL-18 is secreted 
by a variety of cells, including monocytes/macrophages, 
dendritic cells, articular chondrocytes, and synovial fibro-
blasts, in a proform which requires enzymatic cleavage 
by ICE (caspase-1).40 There is considerable interest in 
the role of IL-18 in RA given its ability to provoke an 
immune response and perpetuate inflammatory reactions.  
IL-18 is often detectable in the synovial tissues of patients 
with RA.  Expression of IL-18 increases the production 
of TNF-α and IL-1 in RA synovial membrane and corre-
lates with local inflammation and increased ESR.41 There 
are several approaches to regulate IL-18 activity. One is 
to use a recombinant form of IL-18 binding protein (IL-
18BP), which binds to IL-18 with high affinity as a decoy 
receptor and neutralizes its activity. Local intra-articular 
IL-18BP treatment significantly reduced the incidence of 
CIA.  IL-18 neutralizing antibodies in animal studies, like 
IL-18BP, slowed disease progression and resulted in sig-
nificant inhibition of TNF-α, IL-6, and IFN-γ secretion by 
macrophages.42  Furthermore, IL-18 antibody treatment, 
but not IL-18BP, had a significant effect on established 
synovitis. Another approach is to target ICE, which is 
required to process IL-18 and IL-1ß from their precursors 
into active forms. Oral ICE inhibitors are still in clinical 
development.       

T-Cell Directed Therapy
Evidence indicates that T-cell activation is central 

in the pathogenesis of RA. For example, the rheumatoid 
synovium contains a preponderance of CD4+ T-cells.43   

The association of certain major-histocompatibility-com-
plex (MHC) class II alleles (HLA-DR1 and DR4) with RA 
also implicates a role for CD4+ T cells.44 It is thought that 
these cells are stimulated by as yet unknown arthritogenic 
antigen(s) to initiate synovial inflammation.  In order to 
trigger the inflammatory cascade, resting T-cells require 
at least two signals for full activation. The antigen-speci-
fic first signal occurs through the interaction between the 
T-cell receptor with antigen-loaded MHC molecules on 
antigen-presenting cell (APC). The second is a costimu-
latory signal provided by the engagement of CD28 on T 
cells with CD80 (B7-1) and CD86 (B7-2) on the surface 
of the APC.45   

Cytotoxic T-lymphocyte-associated antigen 4 
(CTLA4) is expressed on the surface of T cells within 
days after they have become activated. CTLA4 is a high-
affinity receptor for CD80 and CD86, binding approxi-
mately 500 to 2500 times as avidly as CD28.46  CTLA4 
prevents CD80 and CD86 from binding to CD28, thereby 
effectively blocking the costimulatory signal required for 
activation of T cells. Blocking CD28 costimulation has 
been shown to induce T cell anergy.47 The fact that CTLA4 
and B7 have been isolated from rheumatoid, but not from 
normal synovium,48 suggests a possible role of CTLA4 in 
RA and makes it a potential target for therapy.  

4.1 CTLA4 Immunoglobulin (abatacept)
CTLA4 immunoglobulin (CTLA4-Ig) consists of the 

extracellular component of CTLA4 fused to the Fc region 
of human IgG, which increases its half-life.  CTLA4-Ig 
inhibits CD28/CD80-CD86 mediated costimulation.  
Preclinical studies demonstrated, inhibition of both pri-
mary and secondary immune responses by CTLA4-Ig 
administration 49  and resulted in the prevention of CIA in 
murine models.50 Early evidence of clinical applicability 
came from an open-label study of patients with psoriasis 
where CTLA4-Ig significantly reduced cutaneous inflam-
mation.51, 52 

CTLA-4-Ig has been shown to have significant effi-
cacy in a number of studies in patients with RA.53, 54  In 
most studies, CTLA4-Ig was added to concomitant metho-
trexate. Importantly, this approach has also been shown to 
be capable if inducing clinical responses in patients who 
have previously failed therapy with TNF inhibitors. 

          

B-Cell Directed Therapy
The precise function of B cells in the pathogenesis of 

RA is not clear although there is emerging evidence that 
they may play a role.  B cells migrate into and accumulate 
within the rheumatoid synovium, with formation of B cell 
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aggregates and tertiary follicular structures.55 They also 
produce autoantibodies such as rheumatoid factor (RF), 
which is found in the sera of approximately 80% of RA 
patients.56 Seropositive RA patients tend to have higher 
disease severity, increased frequency of extra-articular 
involvement and mortality.57 Other antibodies such as 
ones against cyclic citrullinated peptide are more specific 
than RF to RA58 and may be predictive of disease deve-
lopment among patients with undifferentiated arthritis.59  
The disruption of humoral immune response seems to be 
associated with a more aggressive form of RA. 

Evidence suggests that B cells may function as Anti-
gen Presenting Cells and may provide costimulatory sig-
nals essential in CD4+ T cell activation, clonal expansion, 
and effector functions.60 Animal models have shown the 
development of autoimmune disease in mice that lacked 
secreted Ig, revealing an antibody-independent role for B 
cells.61 Another study found increased production of infla-
mmatory mediators when isolated CD4+ T cells in human 
RA synovial germinal centers were transferred into RA 
synovium-severe combined immune-deficient mouse chi-
meras.62 This finding underlies the potential importance of 
B cells in T cell activation, which is thought to be a central 
aspect of RA pathogenesis.  Moreover, B-cell depleting 
treatment of the chimeric mice with anti-CD20 mono-
clonal antibodies resulted in the dissociation of synovial 
follicular structures and suppressed IFN-γ and IL-1ß.  This 
implies a potentially beneficial role of depleting B cells 
in RA.

       

Rituximab
Rituximab is a chimeric mAb to the B cell-specific 

antigen CD20.63 CD20 is expressed on pre-B and mature 
B cells, but not on stem cells or on plasma cells. When 
rituximab binds to CD20, B cells may be depleted via 
mechanisms including complement-mediated lysis, anti-
body-dependent cytotoxicity, and apotosis. Rituximab 
was approved for the treatment of CD20+ B-cell non-
Hodgkin’s lymphoma in 1997 in the United States.  

Interest in the use of rituximab for RA came after an 
open-label study involving five patients with RA refrac-
tory to multiple DMARDs.64 In that study patients recei-
ved prednisolone, three doses of rituximab, and two does 
of cyclophosphamide. In this small study and in another 
larger open study, some prolonged clinical responses 
were noted.65, 66 Subsequently, in a double blind placebo 
controlled trial, rituximab was shown to be effective in 
conjunction with methotrexate, obviating the need for 
cyclophosphamide.67 Prolonged responses were seen in 
some patients, even out through 2 years of followup after 

a single treatment course. Rituximab treatment induced 
depletion of peripheral-blood B cells for 6 months or 
much longer, but the levels of immunoglobulins did not 
change substantially. Interestingly, RF levels decreased 
substantially. Despite the prolonged depletion of periphe-
ral-blood B cells, the overall incidence of infection was 
similar in the control group and the rituximab groups.  
The infusion-related events were higher in the rituximab 
group compared to the control (36% to 30%), but lower 
than seen in patients with non-Hodgkin’s lymphoma.                 

Conclusions
Progress in biotechnology, a greater understanding of 

the immunopathogenesis of RA, and a growing apprecia-
tion of the need for more effective therapies has driven the 
development of novel therapies for RA. Recently, notable 
success has been achieved, particularly with biologic 
agents targeting the key pro-inflammatory cytokine TNF-
α. This in turn has spurred interest in further research into 
other immunomodulatory approaches for this and other 
autoimmune systemic inflammatory disorders. With a 
greater understanding of the pathophysiology of these 
diseases, novel therapies may offer patients markedly 
improved outcomes and perhaps even remission. 
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