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ABSTRACT 

Rheumatoid arthritis (RA) is an aggressive disease that needs to be 
treated effectively if subsequent deformity and disability are to be 
reduced. A recent advance in the management of RA is the use of 
biological agents which block certain key molecules involved in the 
pathogenesis of the illness. They include tumor necrosis factor 

(TNF-) - blocking agents, Anti-Interleukin-1receptor (IL-1) 
antagonist, anti-CD-20 agents, CTLA-4 Ig, anti IL-6 etc.  These 
newer agents proved to be useful for alleviating symptoms and 
slowing the disease progression in the patients with RA who have 
failed to respond to conventional disease modifying anti-rheumatic 
drugs (DMARDs). DMARDs are nonspecific immunomodulators, 
each of which has substantial drawbacks in terms of effectiveness 
or adverse effects (AEs). The development of biologic agents has 
provided more effective therapeutic options. The terms biologic 
therapies and biologics have emerged to describe agents with 
biologic properties, including monoclonal antibodies and soluble 
cytokine receptors etc. The advent of effective biological agents 
has certainly been a major advance in the treatment of 
inflammatory arthritis, heralding a new era for rheumatology. In 
this review the focus is only on pathophysiology of the disease 
process as well as the recent advances with Biological response 
modifiers (BRMs) and its impact on current clinical practice in the 
treatment of RA.  
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INTRODUCTION: Rheumatoid arthritis (RA) is a chronic 
multisystem disease of unknown cause. Although there 
are varieties of systemic manifestations, the 
characteristic feature of established RA is persistent 
inflammatory synovitis, usually involving peripheral 
joints in a symmetric distribution. The potential of the 
synovial inflammation to cause cartilage damage and 
bone erosion and subsequent changes in joint integrity 
is the hallmark of the disease. Despite its destructive 
potential, the course of RA can be quite variable. Some 
patients may experience only a mild oligoarticular 
illness of brief duration with minimal joint damage, but 
most will have a relentless progressive polyarthritis 
with marked functional impairment 1.  

The prevalence of RA is relatively constant in many 
populations, at 0.5-1.0%. However, a high prevalence 
of RA has been reported in the Pima Indians (5.3%) and 
in the Chippewa Indians (6.8%) 2. The concept that 
drugs should be used to slow down the damage caused 
by the disease rather than simply to control symptoms, 
which were initially called SAARDS or “slow acting 
antirheumatic drugs”. These includes intramuscular or 
oral gold salts, D-penicillamine, antimalarial agents, 
sulphasalazine and methotrexate (MTX). The term 
SAARD was replaced with DMARDs and currently MTX 
is the most commonly used DMARDs in several 
rheumatic diseases. Other commonly used DMARDs 
include sulphasalazine (SSZ), hydroxychloroquine and 
leflunomide 3.  

Non-steroidal anti-inflammatory drugs (NSAIDs) and 
Cox-2 selective inhibitors are associated with 
cardiovascular, gastrointestinal and renal risk 4. The 
current goals of RA management are to relieve pain 
and inflammation, prevent joint destruction, preserve 
or improve functional ability, and maintain a patient’s 
normal lifestyle. Although literature is constantly 
changing, there is still a role for traditional DMARDs in 
the treatment of RA but this will require the skills of a 
clinician to balance efficacy, toxicity, and cost 5. “Cure” 
in RA is not possible with our currently available RA 
therapies; we do not yet have the capability to achieve 

“remission” in RA 6. Clearly, therapies that regulate 
arthritic inflammation by controlling synoviocyte 
activation, suppressing immune cell cytokine release 
and inhibiting degradative enzyme expression would 
be valuable in controlling RA progression. The role of 
inflammatory mediators for pathogenesis of RA is 
being investigated tremendously to develop safer and 
more effective drugs. The development of BRMs has 
dramatically changed the present scenario of the 
therapeutic approach to RA as well as the other 
inflammatory diseases in general within the last few 
years. 

Etiology and Pathogenesis of the Disease: The cause 
of RA remains unknown. It has been suggested that RA 
might be a manifestation of the response to an 
infectious agent in a genetically susceptible host. 
Because of the world wise distribution of RA, it has 
been hypothesized that if an infectious agent is 
involved, the organism must be ubiquitous. A number 
of possible causative agents have been suggested, 
including Mycoplasma, Epstein-Barr virus, 
cytomegalovirus, Parvovirus, and Rubella virus, but 
convincing evidence that these or other infectious 
agents cause RA has not emerged 1. 

The pathogenesis of RA is complex and involves the 
collaboration of many cells of the immune system. 
Although there has been argument regarding the 
relative importance of the various cell types and 
processes found in rheumatoid synovium, it is 
generally agreed that the disease process involves 
abnormal presentation of self antigen by antigen 
presenting cells (APC), leading to activation of auto 
reactive T- lymphocytes, and that this autoimmunity is 
a fundamental element in the disease generation 7. 

Molecular studies have shown that individuals bearing 
the HLA- DR4 (HLA- DR1 in some populations) 
haplotype with specific HLA- DQ and HLA- DP alleles 
are more likely to develop severe RA. Individuals with 
RA also have decreased numbers of CD-4+ 2H+ 
suppressor- inducer cells in the synovium and thus may 
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be unable to contain ongoing articular inflammation. 
The concordance of RA in identical twins, however, is 
only about 30%, indicating that environmental factors 
are necessary to induce the disease 8. A number of 
non-HLA loci that have shown evidence (p < 0.05) for 
linkage with RA have been previously identified. A 
rational basis for pursuing high-density linkage and 
association studies of RA in several regions outside of 
the HLA region, particularly on chromosomes 1p, 1q, 
and 18q 9.  

The viability of population screening for RA and 
identifies several high-risk genetic combinations. 
However, given the population incidence of RA, 
genetic screening based on these loci alone is neither 
sufficiently sensitive nor specific at the current time. 
Combinations of RA susceptibility factors increase risk 
of disease above any one factor alone. Genetics alone 
cannot currently accurately predict an individual’s risk 
of disease. Genetic screening for RA is not currently 
viable, although it may be in the future 10. 

The joint destruction is promoted by degenerative 
enzymes from polymorphonuclear leukocytic, synovial 
cytokines and chrondrocyte-derived degradative 
enzymes such as collagenase and stromelysin. IL-6 
released in response to IL-1 production has been 
shown to inhibit matrix synthesis by chondrocytes. 
Bone destruction is also promoted by release of IL-1 

and other cytokines such as TNF-, TNF-β, and colony- 
stimulating factors (CSF). The majority of the 
lymphocytes in the synovium in RA are activated T-
cells, many of which have acquired reactivity against 
native chondrocyte membranes, and so local cytotoxic 
effects are also possible. The persistent inflammatory 
response produces the characteristic pathologic 
stigmas of RA 8. 

Polymorphic alleles in candidate genes for 
osteoporosis, such as the VDR (vitamin D receptor) 
TaqI t and BsmI B, are associated with accelerated 
generalized bone loss in RA. Polymorphisms in VDR 
and inflammatory response genes IL6, TNF receptor 

type 2 may serve as genetic markers of systemic bone 
loss in RA 11.  The role for vitamin D in the pathogenesis 
of autoimmune and inflammatory diseases is 
emerging. Inadequate levels of serum 25-
hydroxyvitamin D are not only detrimental to 
musculoskeletal health and calcium homeostasis but 
may also have a role in immunopathology. Recently, 
M. Mouyis et al, found that, Hypovitaminosis D is 
common among rheumatology patients, particularly 
low levels are seen in inflammatory arthritis and 
chronic pain /fibromyalgia 12.  

There has recently been renewed interest in the link 
between cigarette smoking and RA and suggestive of 
an increased risk 13. Britt-Marie NW et al showed that 
high disease activity and disability in the first two years 
are risk factors for severe extra-articular RA. Current 
smoking, high disease activity at RA onset and 
rheumatoid factor (RF) seropositivity also increase the 
risk 14. Apart from these causative factors, the 
involvement of hypoxia and oxidative stress is also 
involved in the pathogenesis of RA 15. 

Cytokines in the pathogenesis of rheumatoid arthritis: 
Cytokines regulate a broad range of inflammatory 
processes that are implicated in the pathogenesis of 
RA. In rheumatoid joints, it is well known that an 
imbalance between pro- and anti-inflammatory 
cytokine activities favors the induction of 
autoimmunity, chronic inflammation and thereby joint 
damage 16. Cytokines are the small peptides with 
potent short-range biological actions, appear to play a 
key role in the process of joint inflammation; it would 
appear that this complex process includes several 
interdependent interactions between pro- 
inflammatory and anti-inflammatory mechanisms.  

They have been shown to be important mediators of 
several fundamental biological processes that include 
inflammation, tissue repair, cell growth, fibrosis, 
angiogenesis and immune response. The major pro-

inflammatory cytokines are TNF-, IL-1, IL-8, INF-, IL-
6, IL-12 and IL-2. The major anti-inflammatory 
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cytokines are IL-4, IL-10, IL-13, IL-5, IL-1 receptor 
antagonist, soluble TNF receptor and they block the 
action of pro-inflammatory cytokines, proteolytic 
enzymes (that are involved in the cartilage damage), 
and up regulate the IL-1 receptor antagonist (IL-1Ra), a 
major anti-inflammatory cytokine. So, pro-
inflammatory cytokines could be the major targets for 
therapeutic manipulation in RA 17. IL-17A also shows a 
weak association with RA 18, T cells secreting IL-17 may 
have an important role in autoimmune disease. Th17 
cells have been shown to be enriched in juvenile 
arthritis and adult seronegative arthritis  19. 

Considerable evidence accumulated over the past 
decade has clarified some of the mechanisms of cell-
cell interactions in rheumatoid synovitis and the 
important roles of IL-1 and TNF-α in inflammation and 
tissue destruction. These advances in knowledge have 
led to the development of novel anti-cytokine 
therapies for RA. However, in spite of these successes, 
disagreement remains concerning the relative roles of 
T cell- dependent versus T cell- independent 
mechanisms and of IL-1 versus TNF-α in the initiation 
and perpetuation of rheumatoid synovitis 20. In actively 
inflamed rheumatoid synovium, activation of T cells, B 
cells, macrophages, fibroblasts, endothelial cells and 
plasma cells can be identified.  

Pro-inflammatory cytokines are spontaneously 
produced. Specifically, IL-1, TNFα, lymphotoxin, IL-6 
and a range of chemokines have been identified. To 
counter this enormous load of pro-inflammatory 
cytokines, a number of anti-inflammatory mediators 
are up-regulated. The anti-inflammatory cytokines and 
receptors are insufficient to block the action of the 
pro-inflammatory cytokines and this leads to fatigue, 
fever, elevation of acute phase proteins, angiogenesis, 
bone marrow suppression, increase in adhesion 
molecules on endothelium, activation of macrophages, 
and induction of metalloproteinases and Leukotrienes. 
All of these effects contribute to active RA 21. A case- 
control study was performed by Kokkonen et al in 2009 

22, to identify whether cytokines, cytokine related 

factors, and chemokines are up-regulated prior to the 
development of RA or not. Finally they concluded that, 
individuals before the onset of symptoms of RA have 
elevated concentrations of pro-inflammatory 
cytokines, cytokine-related factors, and chemokines, 
indicating activation of the immune system. In that 
study, such activation occurred before any symptoms 
of joint involvement. These findings present an 
opportunity for a better prediction of the risk of 
developing RA and, therefore, possibly preventing 
disease progression. 

Treatment Approach: Pharmacotherapy for RA 
generally involves NSAIDs for control of pain, with 
selective use of low-dose oral or intra-articular (IA) 
glucocorticoids, and initiation of DMARDs.  In past 
decades, pharmacologic treatment of RA was managed 
using a pyramid approach: symptom-alleviating 
treatment was started at diagnosis, and only with 
progression of symptoms were dosages changed or 
additional medications added. However, a “reverse 
pyramid” approach now is favored, in which DMARDs 
are initiated quickly to slow disease progression as 
early as possible. A number of additional, non-
pharmacologic treatments for RA have been tried.  

Therapeutic fasting, dietary supplementation of 
essential fatty acids, and journaling have shown 
benefit, as have spa therapies and exercise. Patient 
education and a multidisciplinary approach to patient 
care provide at least short-term benefits. Evidence is 
inconclusive regarding herbal medications, 
acupuncture, and splinting. Surgery should be 
considered when pain is unacceptable, loss of motion 
is significant, or functional impairment is severe 23. To 
initiate treatment of very early RA with symptomatic 
therapy, DMARDs, or BRMs, it is a very important 
question for a general practitioner. Axel Finckh et al., 
showed that therapeutic strategies involving early 
conventional DMARDs or early BRMs are preferred, 
but the additional costs of early BRMs may not be 
justified for all patients. The most rational use of 
resources is prompt initiation of conventional DMARD 
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therapy for patients with very early RA 24. Despite 
tremendous advances in therapy, RA remains a cause 
of substantial morbidity and increased mortality. To 
treat patients with newly diagnosed RA, James R. 
O’Dell et al., recently enumerated some points. First, 
with the ever-increasing complexity, expense, and 
toxicity of modern therapy, a rheumatologist should be 
actively involved in the care of all patients with RA in 
conjunction with the primary care physician.  Second, 
all patients should receive a DMARD (in most cases 
MTX) as soon as possible.  Finally, rheumatologists 
should adjust therapy in a timely fashion (increasing 
doses or adding other DMARDs) until patients have 
achieved low levels of disease activity (or are in 
remission) 25.  

As for example, Prednisone 10 mg/day, provides 
clinical benefit, particularly in the first 6 months, and 
substantially inhibits progression of radiologic joint 
damage in patients with early active RA and no 
previous treatment with DMARDs. Because of their 
limited disease modifying effects, glucocorticoids 
should be combined with DMARDs in patients with RA. 
Glucocorticoid-induced osteoporosis is a major side 
effect 26. Though medium- to long-term glucocorticoid 
therapy in RA is associated with toxicity compared to 
placebo, long-term- low-dose glucocorticoid therapy is 
not considered a substitute for aggressive therapy for 
early RA 27. On the other hand Lydia G. Schipper et al., 
found that, addition of MTX to SSZ is a therapeutic 
option in SSZ failures. Combination of MTX and SSZ in 
DMARD-naive patients has no added value unless 
combined with glucocorticosteroids 28. Increased 
disease severity, corticosteroid use and co morbidities 
are associated with an increased infection risk. Low-
dose MTX does not appear to increase infection risk in 
RA patients 29.  

Biological response modifiers: The term “biological 
response modifiers” or ‘Biologicals’ (BRMs) may be 
used to refer to those agents or approaches that 
modify the host’s response to pathogens and have 
beneficial effects on disease. BRMs have the potential 

to inhibit the behavior of cytokine, cellular activation, 
and inflammatory gene transcription by various means. 
These include monoclonal antibodies (mAb), soluble 
cytokine receptors and natural antagonists. The first 
two biologicals developed for the treatment of RA 
were the TNF-α inhibiting agent, namely etanercept 
and infliximab. Thereafter newer agents were 
developed, including anakinra, a recombinant form of 
the naturally occurring IL-1 receptor antagonist, and 
adalimumab, a fully human monoclonal antibody 
against TNF-α. These biologicals represent a major 
advance in the treatment of RA 30. 

TNF- inhibitors: TNF- is a proinflammatory cytokine 
that has a complex role in the pathogenesis of RA. TNF-

 induces deleterious effects in several inflammatory 
diseases through the binding with two different 
receptors (called types I and II), which are expressed in 
all cell types except erythrocytes 31. Its precursor form, 

Transmembrane TNF-, is also involved in the 

inflammatory response. Transmembrane TNF- exerts 
its biological function in a cell-to-cell contact fashion, 

which is distinct from the feature of soluble TNF-, 

which acts at sites remote from the TNF- producing 

cells 32. The development of anti-TNF- therapy has 
been a milestone in the treatment of RA and is proving 
equally important in other inflammatory-mediated 
conditions 33.  

These drugs can be effective in patients who have 
failed to respond to DMARD therapy; however, some 
fail to show an improvement, partially respond or 
develop side-effects necessitating discontinuation of 
therapy. In one retrospective cohort study shows, 57% 
of patients who remained on therapy despite failing 
the 3 month assessment attained a response by 6 
months 34. These agents can be divided into two 
groups. The first one is constituted from antibody to 

TNF- (Infliximab, Adalimumab, Golimumab, and 
Certolizumab pegol), and the second one is constituted 

from TNF- receptors linked to Fc domains 
(Etanercept) 35. These drugs are also being used or 
studied for use in non rheumatic diseases, including 
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asthma, inflammatory eye disease, psoriasis, 
lymphoma, and sarcoidosis 36. Chung ES et al., noted 
one important concern about the safety of using anti-

TNF- (especially at high doses) for the treatment of 
non-cardiac disorders in patients who also have 
moderate-to-severe heart failure, was associated with 
an increased risk of worsening heart failure 37.  

Anti-TNF- agents significantly improve disability in 
patients with persistent disease activity despite 
standard DMARDs 38. It may also exert some beneficial 
effects on bone metabolism in RA patients 39. On the 
other hand, there is also known risks of infection with 
intracellular organisms such as Salmonella, Listeria, 
Histoplasma, Mycobacteria and Toxoplasma. Individual 
reports of patients with viral infections, sepsis, 
thrombosis, heart failure, liver failure, lymphoma and 
worsening of multiple sclerosis also suggest caution in 
using TNF-α inhibitors 21.  

Etanercept: Etanercept, a genetically engineered 
fusion protein consisting of two identical chains of the 
recombinant human TNF-receptor p75 monomer fused 
with the Fc domain of human IgG1 binds and 
inactivates TNF 40. The fusion protein binds to 
circulating TNF and reduces the amount of 
inflammatory cytokines available for membrane 
receptor binding. The Fc portion of the 
immunoglobulin increases the proteins half-life. It has 
a half life of 4-5 days 41. It is the first BRM approved for 
use in the treatment of RA and juvenile RA. It acts as a 
molecular sponge to mop up excess TNF, has been 
demonstrated to be highly effective in patients who 
have failed conventional therapy and can be used in 
combination with MTX 42. 

Genovese et al., compared the clinical and 
radiographic outcomes in patients with RA who 
received monotherapy with either etanercept or MTX 
for 2 years and to assess the safety of this therapy and 
concluded that, etanercept and MTX had excellent 
profiles for initial treatment of patients with active, 
erosive RA. The benefits of 25-mg etanercept as 

monotherapy were shown to be superior to those of 
MTX at 2 years, and improvements in clinical, 
radiographic, and disability end points were 
maintained with sustained therapy 43. On the other 
hand, Moreland LW et al., sought to define further the 
clinical activity of Etanercept over a longer treatment 
period and to establish a simplified dosing schema and 
found that, Etanercept was well tolerated and effective 
in reducing disease activity in patients with active RA 
who had an inadequate response to DMARDs therapy.  

They studied in patients with long-standing RA (mean 
duration, 12 years), and 90% had previously been 
treated with MTX. Clinical response to etanercept was 
rapid, beginning as early as 2 weeks after initiation of 
therapy, and was maintained throughout the 6-month 
study. They concluded that, twice-weekly SC (25-mg) 
administration of etanercept resulted in significant 
improvement in disease activity and quality of life with 
minimal toxicity in patients with active RA 44. Misra R et 
al., also studied the open label phase IIIb for the safety 
and efficacy of Etanercept in Indian patients with RA, 
and concluded that Etanercept 25 mg SC, twice weekly 
was very well tolerated. There was one SAE, diabetes 
mellitus that was severe and probably related to 
Etanercept 45. Although etanercept is a very effective 
therapy, greatest concern is about its undesired and 
potential side effects.  

The adverse effects of etanercept are as follows: 
Injection site reactions (ISR), Increased risk of serious 
infections, Opportunistic infections have been 
reported as the commonest AE, Exacerbation of 
previously quiescent multiple sclerosis, Aplastic 
anemia, Interstitial lung disease. Lupus like syndrome, 
Hepatotoxicity, reactivation of prior tuberculosis, Optic 
neuritis (rare), and an increased risk of lymphoma has 
also been reported. Therefore it should be used 
cautiously in patients with history of malignancy 46. 
Baumgartner et al., compared etanercept- induced 
improvement in disability of patients with recent onset 
of RA to that of patients with established RA and finally 
they concluded that, Etanercept therapy improves 
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disability in patients with early and long-standing RA, 
with greater benefit conferred on patients with early 
disease. Early intervention provides an opportunity to 
achieve and maintain greater physical function in 
patients with RA 47. Kremer et al., observed the long-
term safety and efficacy of combination therapy with 
etanercept and MTX in patients with RA, whether the 
addition of etanercept allowed reductions in MTX or 
corticosteroid dosages while maintaining a clinical 
response or not. They found that the addition of 
etanercept therapy in patients receiving background 
MTX provides sustained clinical benefit and continues 
to be well tolerated with extended use 48.  

On the other hand Vollenhoven et al., found that the 
combination of etanercept plus MTX was clinically 
more efficacious than etanercept alone. In patients 
who have an insufficient clinical response to MTX, the 
addition of etanercept to MTX may give better efficacy 
than instituting etanercept as monotherapy (i.e. 
switching from the one drug to the other). They also 
suggest that, in patients receiving etanercept as 
monotherapy with only partially satisfactory 
responses, the addition of MTX might give additional 
clinical benefit. It could play a role of some importance 
in guiding physicians’ decision-making processes 49. 

Blumenauer et al., assessed the efficacy and safety of 
etanercept for the treatment of RA from electronic 
databases, searched from 1966 to February 2003 
without language restriction. This study suggests 
etanercept is well tolerated and safe. The most 
common side effect was ISR. However, there are 
concerns with increased incidence of infections 
(particularly tuberculosis) and possibly increased 
malignancy risks, so the long-term efficacy and safety 
need to be further evaluated 50. Gerd Horneff et al., 
evaluated safety and efficacy of etanercept once 
weekly 0.8 mg/kg up to 50mg SC for the treatment of 
resistant polyarticular JIA in a 3 month open label trial. 
They found that JIA patients can effectively be treated 
with etanercept once weekly 0.8 mg/kg. During this 
short study period there was no serious AEs 51.  

Infliximab: Infliximab, a chimeric monoclonal antibody 
(75% human, 25% mouse protein) which targets both 

soluble and membrane-bound forms of TNF- by 
binding with high avidity and specificity. Thus, 
infliximab neutralizes the effect of this cytokine and its 
ability to induce other downstream biological 
mediators associated with chronic inflammatory 
diseases 39. Infliximab is given in a dose of 3mg/kg as 
an IV infusion at ‘0’, ‘2’, ‘6’weeks repeated every 2 
months thereafter. It has a half-life of 8-12 days. It is 
useful in the treatment of RA, Seronegative 
Spondylarthropathy (SSA), Crohn’s disease, systemic 
inflammatory diseases including various vasculitides 
and adult onset Still’s Disease (AOSD). Infliximab is 
effective in controlling ocular and mucocutaneous 
inflammation in Behçet syndrome 41. 

U. Lange et al., demonstrated the beneficial effects of 
infliximab in RA therapy are accompanied by a 
significant amelioration of different parameters of 
bone metabolism, suggesting a profound effect- similar 
to the findings in patients with spondyloarthropathies- 
on osteoprotective pathways 39. Lipsky PE et al.,  
suggested that the combination of infliximab and MTX 
improves the symptoms and signs of inflammation, 
physical function, and the quality of life and prevents 
radiographic evidence of progressive joint damage in a 
majority of patients with RA who have no response to 
MTX alone 52.  

The rate of tuberculosis (TB) is not increased in RA 
patients generally. Among infliximab-treated patients, 
the rate is 52.5 cases per 100,000 patient-years of 
exposure. A thorough medical history regarding TB, as 
well as tuberculin testing and radiographic 
examination (if indicated), should be an essential 

component of anti- TNF- therapy 53. Therefore, 
clinicians should be aware of the risk for TB and the 
need to appropriately screen patients for TB 
(pulmonary as well as extrapulmonary) risk factors 
before and during starting infliximab therapy, because 
patients may develop active TB even when their 
prescreening tuberculin skin test is negative 54. 
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Adalimumab: Adalimumab is developed through 
phage-display biotechnology and is the first human 

(100% human peptide sequences) anti-TNF- 
monoclonal antibody to be investigated for the 
treatment of RA, structurally and functionally 
analogous to naturally occurring human IgG1. It has a 
terminal half-life comparable with that of human IgG1 

(14 days) and demonstrates a high specificity and 

affinity for TNF-. Adalimumab exerts its therapeutic 

effects by blocking the interaction of TNF- with the 
‘p-55’ and ‘p-75’ TNF cell surface receptors.  It controls 
the signs and symptoms of RA and has a positive effect 
on the long-term radiographic outcome 55. It is 
administered as a single SC injection (20-80mg) every 
other week. Serious infections, neurological effects, 
and certain malignancies of the lymphoid system are 
the serious adverse effects associated with it 56.   

Keystone et al., investigated a randomized, Placebo-
Controlled, 52-Week Trial for the ability of 
adalimumab, to inhibit the progression of structural 
joint damage, reduce the signs and symptoms, and 
improve physical function in patients with active RA 
receiving concomitant treatment with MTX. They 
concluded that addition of adalimumab (40 mg every 
other week or 20 mg weekly administered SC) to the 
MTX regimen in patients partially responsive to MTX 
provides additional benefit, with inhibition of the 
progression of structural joint damage, reduction in 
the signs and symptoms, and improvement in physical 
function and health-related quality of life 55.  

Adalimumab is approved by the US FDA to treat RA 
and it is effective and safe in patients with previous 
biological failures, especially to infliximab 57. The 
effectiveness and safety of adalimumab in treating 
patients with ankylosing spondylitis (AS) and advanced 
structural damage was investigated by Martin 
Rudwaleit et al. They found Adalimumab was effective 
in patients with advanced spinal ankylosis, including 
patients with bamboo spine 58. On the other hand, 
Adalimumab induces remission more frequently than 
placebo in adult patients with moderate to severe 

Crohn’s disease who cannot tolerate infliximab or who 
have symptoms despite receiving infliximab therapy 59. 

Golimumab: Golimumab is a human mAb raised 

against TNF- produced in immunized transgenic 

mouse with human TNF- giving specific antibodies 
with human-derived variable and constant regions. It 
was approved for the treatment of adults, beginning 
from 18 years old, with moderate to- severely active 
RA after SC injection in a dose of 50 mg once a month. 
It is intended for use in combination with MTX for RA 
treatment and with/without MTX or other DMARDs 
and or NSAID for psoriatic arthritis (PA) and ankylosing 

spondylitis (AS). As majority of TNF- blockers, 
Golimumab inhibits soluble and transmembrane forms 

of TNF- binding to their specific receptors and 
blocking in consequence their bioactivity.  

Furthermore, Golimumab neither bind nor inhibit 

other members of TNF- as the lymphotoxin (TNF-β).               

Competing with TNF- receptors, Golimumab 

regulates TNF- pro-inflammatory cytokines 
essentially produced by activated macrophages. 
Golimumab has also the power to fix complement 
inducing cell lysis and to participate in immune 
responses implicating antibody-dependent cell 
cytotoxicity function 35. 

Certolizumab: Certolizumab, like adalimumab, 

etanercept and infliximab, is a TNF- inhibitor 
indicated for RA. It is a recombinant humanised 
antibody Fab' fragment which has been pegylated to 
extend its plasma half-life to that of the whole 
antibody. Peak plasma concentrations are reached 
between 54 and 171 hours after SC administration and 
its bioavailability is approximately 80%. The terminal 
elimination half-life is around 14 days. However, the 
presence of antibodies to certolizumab increases its 
clearance and appears to correlate with reduced 
patient responses. Giving MTX concomitantly with 
certolizumab reduces the formation of anti-
certolizumab antibodies. Certolizumab is indicated for 
adults with moderate to severely active RA. It should 
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be combined with MTX in patients who have had an 
inadequate response to or are intolerant to other 
treatments with one or more DMARDs. Certolizumab 
should only be given on its own if MTX is 
contraindicated or not tolerated. This drug is 
contraindicated in patients with moderate to severe 
congestive heart failure and pregnancy. It should not 
be used in combination with anakinra or abatacept. 
Live or attenuated vaccines should not be given with 
certolizumab. Certolizumab offers an alternative to 
patients who have not responded to other RA 
treatments 60. 

Strand V et al found Patients treated with certolizumab 
plus MTX reported significant (P <0.001), clinically 
meaningful improvements in health-related quality of 
life (HRQoL) at the first assessment (week 12); 
reductions in fatigue, disease activity and pain and 
improvements in physical function were reported at 
week 1. Certolizumab treated patients reported 
improvements, particularly in mental health. They 
concluded that, treatment with certolizumab plus MTX 
resulted in rapid and sustained improvements in all 
patient-reported outcomes, indicating that the 
benefits of certolizumab extend beyond clinical 
efficacy endpoints into areas that are more relevant 
and meaningful for patients on a daily basis 61. 

Lanercept: This is another TNF- inhibitor. The 
production of this soluble TNF-receptor p55 dimer was 
halted by its pharmaceutical sponsor despite initial 
clinical benefits and safety 62.   

IL-1 receptor antagonist:  
Anakinra: Anakinra, a recombinant interleukin-1 
receptor antagonist (IL-1ra), specifically inhibits the 
proinflammatory and destructive pathophysiological 
effects of IL-1 63, received regulatory approval from the 
US Food and Drug Administration late in 2001 and 
from the European Commission in 2002 for the 
treatment of patients with RA. The uses of anakinra as 
monotherapy in patients with moderate to- severe RA 
or as combination therapy in patients with active 

disease despite DMARD treatment. To date, anakinra 
has primarily been used in patients receiving 
concurrent DMARD therapy with ongoing active 
disease 64.  

The structure of anakinra differs by only one amino 
acid from the structure of the naturally occurring 
human IL-1 receptor antagonist. This difference is to 
enable genetically engineered Escherichia coli to 
produce anakinra. Patients have to subcutaneously 
inject anakinra every day. The maximum plasma 
concentration is reached in 3-7 hours. Anakinra is 
probably cleared by the kidneys and has a half-life of 
4–6 hours.  

The most common adverse effect of anakinra was 
injection site reactions (ISRs). Serious infections such 
as pneumonia occurred more frequently. Anakinra 
does not appear to be more effective than etanercept 
or infliximab 65. Anakinra is the first and only selective 
blocker of IL-1. The extensive safety analysis of 
anakinra in patients with RA has demonstrated that 
the agent is well tolerated, even in those with co-
morbidities or receiving concomitant medications. 
Furthermore, the short half-life of anakinra (4-6 h) 
provides flexible control of therapy and may therefore 
have significant benefits with respect to the prevention 
and treatment of serious adverse events (SAEs).  

Fleischmann RM et al., summarized the over all safety 
of anakinra in patients with RA, from the analysis of 
five randomized, placebo-controlled trials involving a 
total of 2932 patients, that there were no significant 

differences between anakinra 100 mg/day and 
placebo with respect to the development of  adverse 
effects. ISRs were the most common cause for 
withdrawal with any dose of anakinra- 7.3% of patients 
receiving anakinra 100 mg/day and 7.1% of patients 
receiving anakinra at doses >100 mg/day withdrew due 
to ISRs, compared with 1.3% of patients receiving 
placebo. In the anakinra 100 mg/day group, SAEs that 
occurred in >0.2% of patients included worsening of RA 
(0.7%), pneumonia (0.9%), abdominal pain (0.3%), 
abdominal hernia (0.2%) and dyspnoea (0.3%) 66. 
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Anakinra is an important addition to the rheumatology 
treatment armamentarium. B. Bresnihan and M. Cobby 
has found from large efficacy studies that treatment 
with anakinra results in significant improvements in 
the signs and symptoms of RA and has beneficial 
effects on functional status. The therapeutic effects 
occur early and are sustained throughout treatment. In 
addition, treatment with anakinra retards the rate of 
structural joint damage in RA and is beneficial in 
preserving and protecting bone and cartilage 63. 

 According to one meta-analysis performed on the 
basis of randomized placebo-controlled trials, 
rituximab, abatacept and anakinra seem to be safe as 
regards the risk of serious infections. Nevertheless, an 
increased risk was observed for high doses of anakinra 
(>100 mg) in patients with co-morbidity factors. 
Moreover, such clinical trials select patients who are 
not representative of all patients with RA in daily 
practice. Thus the use of these biological agents will 
require careful monitoring in daily practice especially 
in patients with co-morbidity conditions and with 
concomitant treatments, such as steroids 67.  

The new therapeutic targets in rheumatoid arthritis: 
the IL-6 & IL-23 receptor: IL-6 is the most abundant 
cytokine in the serum and synovial fluid (SF) of patients 
with RA and levels correlate with both disease activity 
and joint destruction. IL-6 is a multitarget cytokine 
with activity relevant to RA at joint and systemic levels. 
At the joint, IL-6 has a pivotal role in the inflammatory 
process, in osteoclast-mediated bone resorption and in 
pannus development through increased VEGF 
expression. IL-6 is pro-inflammatory, induces acute-
phase proteins (including CRP) and contributes to the 
systemic manifestations of RA though hepcidin 
production (anaemia), its potent action on the HPA 
axis (fatigue) and its impact on bone metabolism 
(osteoporosis). In addition, IL-6 may contribute to the 
induction and maintenance of the autoimmune 
process through B-cell modulation and Th17 cell 
differentiation. These findings make IL-6 activity a 
logical target for inhibition in patients with RA 68. In 

another study, Philippa Hillyer et al., concluded that 
there is small amounts of cell-associated IL-23 are 
found in RA synovial tissue (ST) and this IL-23 regulates 
endogenous IL-17 production in RA- ST Explants. So, IL-
23 would be a potential therapeutic target in Rain near 
future 69. 

Tocilizumab: Tocilizumab (TCZ) is a humanized anti-
human IL-6 receptor antibody (IL-6Ra) that blocks the 
IL-6 signaling pathway. It was created by using 
complementarily determining region grafting 
techniques to humanize a mouse monoclonal antibody 
that neutralizes IL-6 function by binding to human IL-
6R, and is manufactured in Chinese hamster ovary 

cells. TCZ is an IgG1 subclass antibody and is a light 
chain glycoprotein with a molecular weight of 148 kDa. 
TCZ inhibits the binding of IL-6 to IL-6R and thus blocks 
IL-6 signaling in cells. The serum IL-6 level is closely 
related to disease activity in RA patients, and many of 
the local and systemic symptoms and signs of RA can 
be attributed to the overproduction of IL-6 70. 

TCZ is used in the targeted therapy of RA as well as 
juvenile idiopathic arthritis (JIA). Within recent years, 
TCZ has been used for RA patients with treatment-
resistant disease. The blockade of the biological 
functions of IL-6 may theoretically be available through 
a blockade of the gp130 receptor by neutralizing IL-6 
or by the prevention of the IL-6/IL-6R complex 
formation. Since the gp130 homodimer is shared 
among other receptors than for IL-6, the blockade of 
gp130 may implicate a wide range of undesirable 
effects. TCZ, formerly myeloma receptor antibody 
(MRA), is a humanized anti-IL-6R mAb engrafted with a 
human IgG1 Fc to minimize potential immunogenic 
responses in humans. It has a high affinity to IL-6R and 
abrogates the IL-6 signaling by preventing the 
formation of the IL-6/IL-6R complex 71. 

Atlizumab: This monoclonal antibody also acts on IL-6 
receptor. Main drawback of this mAb is increased 
blood cholesterol level. It is given in the dose of 2-8 
mg/kg body weight intravenously, every 2 weeks 62.   
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Anti-CD20 therapy in RA patients: Rituximab: 
Rituximab (RTX), a chimeric anti-CD-20 mAb was 
approved in 1997 for non-Hodgkin's lymphoma. RTX 
depletes B cells that have CD-20 on their surface 
(including pre-B cells through mature B cells; but not 
stem cells or plasma cells) by several effector 
mechanisms. B cells contribute to the pathophysiology 
of RA and other autoimmune conditions, providing the 
rationale for the study of RTX. RTX has been approved 
by the US FDA for use in adult patients with moderate 
to severe RA who have not responded adequately to 

the TNF- antagonists 72. It is hypothesized that, RA 
may be driven by auto-reactive B-lymphocytes and RTX 
tends to deplete B cells, thus diminishing the 
progression of the disease 73. 

RTX 21000 mg in combination with MTX resulted in a 
significant clinical and radiographical benefit in 
patients with an inadequate response or intolerance to 

TNF- inhibitors, and this dose or a lower dose of 

2500 mg resulted in significant improvements in 
disease activity in patients with an inadequate 
response to non-biological DMARDs. Andrea Rubbert-
Roth et al., evaluated the efficacy and safety of three 
dosing and repeat treatment regimens of RTX plus 
MTX in patients with active RA in a Phase III 
randomized study (MIRROR) and concluded that, RTX is 
effective and well tolerated in patients with an 
inadequate response to DMARDs irrespective of the 

earlier treatment with a TNF- inhibitor and some 
efficacy outcomes suggest improved outcomes for RTX 

21000 vs 2500 mg.  

The safety profile of RTX remained favorable, with no 
new safety signals becoming apparent with repeat 
courses 74. Viruses may be part of the pathogenesis in 
RA. Also, susceptibility to viral infection may in fact 
increase in RA patients as a result of 
immunosuppressive therapy. EBV and parvovirus 
genomes are frequently found in bone marrow of RA 
patients. The presence of EBV genome was associated 
with a better clinical response to RTX. Thus, presence 
of EBV genome may predict clinical response to RTX.  

Mattias Magnusson et al., found that the significant 
better effect of RTX therapy in EBV-positive patients as 
opposed to non-EBV patients indicates that B cells are 
part of the RA pathogenesis in RA patients infected 
with EBV, but less so in the pathogenesis of uninfected 
RA patients.  

What defines these B cells, apart from being infected 
with EBV, remains to be determined 75. RTX may be 
used in patients with active RF-positive RA, who have 
had an incomplete response or intolerance to an 

adequate course with TNF- inhibitors and also can be 
used in patients with an inadequate response or 
intolerance to more than one conventional DMARD, 

who cannot receive TNF- inhibitors. RF-negative 
patients also can be considered for RTX treatment if 
they fulfill the treatment failure criteria 76. 

Taru A. Hallinen et al., evaluated the cost–utility of 

different treatment strategies in severe RA after TNF- 
inhibitor failure in Finland and concluded that, RTX is 
the most cost-effective treatment strategy in RA after 

failure of TNF- inhibitors 77. Ziswiler HR et al found 
that high-resolution ultrasound confirms reduced 
synovial hyperplasia following RTX treatment in RA. 
Grey-scale US provides evidence of reduced synovial 
hyperplasia and improved RA disease activity after RTX 
treatment 78. 

Selective Inhibition of T-Cell Activation: Abatacept: 
Abatacept belongs to a new class of selective co-
stimulation modulators. This agent may have novel 
mechanism of action at the level of the T cell 79. A 
fusion protein- cytotoxic T-lymphocyte-associated 
antigen 4-IgG1 (CTLA4Ig) - is the first in a new class of 
drugs known as co-stimulation blockers being 
evaluated for the treatment of RA. CTLA4Ig binds to 
CD80 and CD86 on antigen-presenting cells, blocking 
the engagement of CD28 on T cells and preventing T-
cell activation. CTLA4Ig was safe and well tolerated, 
and the rate of discontinuation because of adverse 
events was no higher than that in the placebo group. In 
addition, no clinically significant antibody response to 
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CTLA4Ig was detected in either active-treatment 
group. Further more, the combination of CTLA4Ig and 
MTX improved the signs and symptoms of disease, 
physical function, and quality of life in patients who 
had active RA despite ongoing MTX therapy 80.  

Abatacept (CTLA-4Ig) is a recombinant fusion protein 
comprising the extra cellular domain of human CTLA-4 
and an Fc domain of human IgG1 that has been 
modified to prevent complement fixation. Abatacept 
competitively binds with high avidity to CD80/CD86 
preventing these molecules from engaging CD28 on T 
cells, and thereby prevents full T-cell activation. 
Abatacept has been approved by the US FDA for use in 
adult patients with moderate to severe RA who have 
not responded adequately either to oral DMARDS 

(such as MTX) or to the TNF- antagonists 72. 

Genovese MC et al., conducted a randomized, double-
blind, phase 3 trial to evaluate the efficacy and safety 
of abatacept, in patients with active RA and an 
inadequate response to at least three months of anti-

TNF- therapy and they had concluded that, abatacept 
is clinically efficacious and has an acceptable safety 
profile in patients with RA and an inadequate response 

to anti- TNF- therapy. Abatacept may thus represent 
a potential new treatment for patients, including those 

who have had an inadequate response to anti– TNF- 
therapy 79. In patients with moderately to severely 
active RA and inadequate response to MTX, abatacept 
therapy is cost-effective by current standards of 
medical practice 81. 

Nixon R et al., conducted a meta-analysis and adjusted 
indirect comparisons between the efficacy of inhibiting 

TNF-  and IL-1 in patients with RA, finally they 

concluded that  TNF-  antagonist treatment is more 
efficacious compared with the IL-1 antagonist anakinra 

and  TNF-  antagonist as a class are no different from 
each other 82. Abatacept has intrinsic activity in 

patients with RA who’s MTX and TNF- inhibitor 
therapies have failed 83. In the absence of direct 
comparisons of biological agents in patients with RA, 

practitioners are faced with a dilemma when choosing 
these drugs, for patients who have failed traditional 
DMARDs.  Based upon indirect comparisons, anakinra 
seemed less efficacious than etanercept, adalimumab 
and rituximab; and etanercept seemed to cause fewer 
withdrawals due to adverse events than adalimumab, 
anakinra and infliximab.  

Significant heterogeneity in characteristics of trial 
populations imply that these finding must be 
interpreted with caution. These findings can inform 
physicians and patients regarding their choice of 
biologic for treatment of RA 84. Abatacept is clinically 
efficacious and has an acceptable safety profile in 
patients with rheumatoid arthritis. It may represent a 
potential new treatment for patients with rheumatoid 
arthritis, including those who have had an inadequate 

response to anti– TNF- therapy 79. Abatacept should 
be given as a 30-minute intravenous infusion. The dose 
is dependent on the patient's body weight. The 
infusion should be repeated at two and four weeks and 
then every four weeks after that. Following multiple 10 
mg/kg intravenous infusions of abatacept, the serum 
concentration reaches a steady state after 60 days. The 
mean half-life is approximately 13 days in patients with 
RA, and clearance increases with body weight. 

A one-year, multicenter, randomized, double-blind, 
placebo controlled trial evaluated the effects of 
abatacept in patients with persistent, active RA despite 
MTX treatment, that  the clinical benefits seen with the 
fixed dosage of abatacept encompassed clinical and 
radiographic efficacy, statistically significant and 
clinically meaningful improvements in patients’ 
physical function and HRQoL, and a consistent safety 
profile. This study also demonstrates the slowing of 
radiographic progression as well as the safety and 
clinical findings that are expected to be extended with 
longer-term observations by abatacept. Overall, 
abatacept seems to be a rational and effective 
treatment strategy for RA who has an inadequate 
response to weekly MTX 85. 
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J. C. Cole et al., concluded in their two double-blind, 
placebo-controlled, multicentre randomized clinical 
trials that, quality of life improvements seen in 
abatacept clinical trials for RA can be converted into 
other metrics, including medical expenditure and 
likelihood of job loss. Converted Quality of life results 
indicated that abatacept resulted in significantly lower 
medical expenditure over time compared with 
placebo. Converted Quality of life results also indicated 
that abatacept results in significantly lower likelihood 
of job loss compared with placebo 86. 

RECENT ADVANCES: 

Tyrosine kinases as new targets for Rheumatoid 
Arthritis: RA is characterized by leukocyte infiltration, 
synoviocyte hyperplasia and osteoclastogenesis, and 
tyrosine kinases have key roles in the signaling 
pathways that regulate these processes. Blocking 
signaling through Bruton’s tyrosine kinase might 
reduce B-cell and T-cell activation. Imatinib, which 
inhibits several tyrosine kinases, and more-specific 
inhibitors of Janus kinases (JAK) and syk, have shown 
efficacy in the treatment of RA; however, toxicity 
remains an issue. TKIs (tyrosine kinase inhibitors) such 
as imatinib and dasatinib are pleiotropic inhibitors- 
they might additionally inhibit TK that are not involved 
in RA, and thus be more likely to cause unrelated tissue 
damage and limits their therapeutic use 87. 

Protein tyrosine kinase inhibitor: 

Masitinib: (AB1010), a potent and selective protein 
tyrosine kinase inhibitor of c-KIT, in the monotherapy 
treatment of DMARD-refractory RA. The results of a 
multicentre, open-label, dose-ranging, phase 2- a study 
showed that, treatment with masitinib improved 
DMARD refractory active RA. This study has indicated 
that masitinib is a generally well-tolerated (especially 
after the initial 12 weeks) and effective treatment for 
DMARD-refractory active RA. Given the selective 
antimastocyte mechanism of action of masitinib, the 
results of this study help to further establish the critical 
role of mast cells in the pathogenesis of active RA. 

More specifically, this study supports the viability of 
exploiting the stem cell factor/c-KIT pathway as a 
therapeutic target 88. 

Syk Kinase Inhibitor: Spleen tyrosine kinase (Syk) is a 
cytoplasmic tyrosine kinase that is an important 
mediator of immunoreceptor signaling in a variety of 
cells, including mast cells, macrophages, neutrophils, 
and B cells. Increased levels of phosphorylated Syk 
have been seen in RA synovial tissue. Syk activation is 

important in TNF- induced cytokine and 
metalloproteinase production in RA fibroblast-like 
synoviocytes. Interruption of Syk signaling with an 

inhibitor therefore may interrupt TNF- and 
metalloproteinase production involved in the 
development of RA. R788 (fostamatinib disodium) is a 
prodrug that, following oral administration, is rapidly 
converted to R406. R406 is a potent inhibitor of Syk 
kinase with considerable selectivity. Weinblatt et al., 
has found in a twelve-week, randomized, placebo-
controlled trial that an inhibitor of Syk kinase produces 
significant clinical benefits at 12 weeks in a population 
of patients with active RA receiving MTX therapy. Syk 
kinase may be an important new therapeutic target in 
RA and related autoimmune conditions 89. 

Radiosynovectomy in Rheumatoid Arthritis:  
Radiosynovectomy or radiosynoviorthesis is defined as 
the restoration of inflamed and damaged synovial 
membrane of the joints after application of radio 
nuclides (radioisotopes). The radio nuclides are used to 
effectively control the inflammatory process of the 
synovial membrane and are indicated as an alternative 
therapy to early surgical synovectomy 90. Using 
Yittrium-90 (Y-90) for knee joints, Rhenium (Re-186) is 
used for middle sized joints; Erbium (Er-169) is used in 
small joints of the fingers has found very good results 
91. The availability of Holmium (Ho-166) in colloidal 
form and expected P-32 colloids to be made available 
by BRIT, this modality of treatment is poised to be 
economical 90. There is no radiation risk and the 
procedure can be performed on an outpatient basis 91. 
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Prednisone Chronotherapy:  Frank Buttgereit et al., 
investigated the long-term safety and efficacy of 
prednisone chronotherapy with a novel modified-
release (MR) prednisone for up to 12 months, a 9-
month open-label extension of the Circadian 
Administration of Prednisone in RA Study (CAPRA 1). 
They suggest that low-dose MR prednisone 
chronotherapy offers significant benefits over 
immediate-release (IR) prednisone for the treatment 
of RA which is maintained for up to 12 months. Further 
studies are warranted to investigate the benefit of low-
dose MR prednisone chronotherapy in both oral 
glucocorticoid-naive patients with early RA and those 
with other inflammatory conditions. Indeed, 
chronotherapy may well offer significant advantages 
over standard therapies in diseases such as 
polymyalgia rheumatica and also asthma 92. 

Laser Irradiation: V.T. Timofeyev et al., described 
another potential method for Immuno correction in 
rheumatoid arthritis is Laser irradiation. Intravenous 
laser irradiation of blood (ILIB) is a prospective method 
at least for short-term remission of RA, if patients are 
properly selected based on clinical features and 
laboratory data. Their study does not answer the 
question whether ILIB-therapy has a prolonged 
disease- modifying action. Further long-term studies of 
its clinical efficiency and mechanism of action are 
necessary to determine the place and significance of 
ILIB in rheumatology 93. 

Synthetic Peroxisome Proliferator- Activated 

Receptor Gamma (PPAR-) Agonist: Sumariwalla PF et 
al., evaluated the clinical efficacy of a novel synthetic 

PPAR-) agonist, CLX-090717, in several in vitro cell 
culture systems and murine CIA, an experimental 
model of RA. CLX-090717 significantly inhibited release 

of the pro-inflammatory cytokine TNF- from both 
human and mouse mononuclear cells, and that this 
effect in human monocytes was in part modulated 

through nuclear factor-B (NF-B). Importantly, CLX-

090717 markedly inhibited TNF- release from human 
rheumatoid synovial membrane cells in culture, 

ameliorated arthritis in mice and conferred joint 
protection when used therapeutically. This novel 
synthetic compound CLX-090717 may be useful in the 
management of chronic inflammatory disorders such 
as RA. The compound CLX-090717 has potential as a 
small molecular weight therapeutic in RA 94. 

Role of Statins in inhibition of C-reactive protein-
induced chemokine secretion: CRP induces pro-
inflammatory activities in human adherent monocytes 
through extracellular signal regulated kinase (ERK) ½ 
activation and inhibits CRP-mediated pro-inflammatory 
activities through the inhibition of HMG-CoA-ERK 1/2 
pathway. HMG-CoA-ERK 1/2 pathway could represent 
a promising target to reduce CRP-mediated activities in 
human monocytes 95. 

Role of kinin generation in rheumatoid arthritis: 
Cassim B et al., recently assessed the expression of 
kallikreins, kininogens and kinin receptors in circulating 
and SF neutrophils, as well as ST of RA patients, and 
also assessed kinin generation in SF. Kallikrein- kinin 
proteins on neutrophils play an important role in kinin 
generation and the pathophysiology of RA. Finally they 
conclude that neutrophils generate kinins in SF of RA 
patients and kinin generation correlates with disease 
activity. Specific kallikrein and kinin receptor 
antagonists may have potential as intra-articular 
therapies for inflamed joints 96. 

Imaging of bony pathology as early predictors of RA: 
Revealing new insights and aspects of bony alterations 
in early arthritis, a multi pinhole SPECT (MPH-SPECT) 
might be an important research tool in the near future 

97. Flexor tenosynovitis is a strong early predictor of RA 
in MRI of the hand. Combining this finding with 
positive serum anti-cyclic citrullinated peptides (anti-
CCP) values or alternatively with positive RF values 
yields even stronger early predictors of RA 98. 

Combination of BRM therapy in RA: Depletion of B 

cells and anti-TNF-  therapy target different pathways 
of inflammation and therefore probably act 
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synergistically. RTX treatment virtually depletes B cells 
in the circulation, but synovial B cells are only depleted 
in patients with RA who show a good response to RTX 
therapy. An inflammatory network with multiple cell 
types, cytokines and chemokines contributes to 
synovitis. Recently, Blank N et al., has first reported 
that the combination of RTX + Etanercept and DMARDs 
might be safe and effective in patients with RA 99. 

Stem cell transplantation: Another most exciting 
development in the management of RA and some of 
the other autoimmune diseases is the Stem cell 
transplantation. They might offer the ability to ablating 
the autoimmune disease completely in near future. 
Designing stem cell transplant protocols that minimize 
procedure-related morbidity and mortality may offer 
potentially curative therapy to patients with RA 100. 

Gene therapy for arthritis: There is a great potential 
for gene therapy approaches in RA, not only for the 
site specific and long-lasting delivery of therapeutic 
proteins, but also for the specific targeting of disease 
processes that are characteristic and unique for RA101. 
The ability to deliver genes to local sites of 
inflammation decreases the possibility of systemic side 
effects, making arthritis a good candidate for gene 
therapy. Progress has been made in recent years is the 
gene therapy for arthritis. Future efforts will be 
focused on determining which genes are the most 
promising for therapy, which vectors are the best for 
delivering these genes, and ultimately how to regulate 
expression of the genes being delivered 102. 

CONCLUSION: Although some BRMs have proved to be 
extremely successful in treating the symptoms as well 
as in slowing down the disease progression of RA, but 
they have not yet met the expectations of permanently 
silencing chronic (auto) immune inflammation. A 
greater understanding of the contributions of the 
innate and adaptive immune systems in RA may lead 
to the development of more specific and effective 
therapeutic approaches in the near future. An 
increasing range of BRMs are undergoing trials on the 

basis of expanding knowledge of the immune system, 
and these trials show great promises and the time is 
not too distant when we will attain a state of remission 
in the vast majority of our patients. We still have much 
more to learn about these drugs, let alone the 
principle of neutralizing selective cytokines 
therapeutically. These important issues will demand 
significant expertise, time and resource- but may result 
in the continuing improvement of therapies in the 
most cost effective manner. The economical weight of 
prescriptions of BRMs in a context of limitation of 
assigned resources makes necessary reflection on the 
impact of such treatments on costs of RA.  

Despite making major progress in RA research, 
important work still lies ahead of us; new insights into 
the various molecular pathways have been used to 
develop new and very efficient treatment approaches 
for patients. However, we still need to find out how to 
best target these drugs to the right individuals at the 
right time. Some environmental risk factors for RA 
have been identified (i.e. - smoking), but we have not 
used this knowledge enough in clinical practice or 
worked sufficiently to identify and modify additional 
environmental and lifestyle factors that could affect 
onset and progression of the disease. Furthermore, we 
have not been able to change permanently the 
destructive behavior of the immune system. We, thus, 
have every reason to believe that we are only at the 
beginning of a process whereby the disorder we call RA 
will be subject to further change, treatment, cure, and 
prevention.                                 
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