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Abstract - Rheumatoid arthritis is a chronic inflammatory 
autoimmune disease distinctive by inflammed joints resulting 
in articular tissue damage. The physiologic factors associated 
are genetic, epigenetic and certain environmental. 
Inflammation of the synovium is the major mediator in the 
progression of RA. The disease is not limited to joints but 
affects other internal organs as well. This causes disability, 
high mortality rates and socio-economic burden. The current 
treatment suppresses the symptoms associated with RA but 
possess certain adverse effects. Therefore, therapeutic 
advancement is needed to manage the disease better. In this 
review we provide an account of the factors associated with 
RA and the present & advanced pharmacological therapy. 
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1. INTRODUCTION  

Rheumatoid arthritis is a chronic autoimmune disease which 
is systemic in nature. Genetic, Epigenetic and Environmental 
are the major risk factors although age and gender also 
contribute to it. [1]. Characteristics of RA include swelling, 
redness, stiffness, pain and inflammation of joints, 
weakening of tendons and ligaments, cartilage and bone 
destruction by production of auto-antibodies. 

RA particularly affects the joints (primarily hand, wrist and 
knee) resulting in obstructed movement due to damage of 
articular cartilage [2]. 

In RA the immune system target’s the own body by 
producing antibodies known as “rheumatoid factor” causing 
inflammation and tissue destruction. Various modulators of 
the immune system like cytokines immune cells and 
signaling pathway are the key players in the pathogenesis of 
RA. The clinical manifestations of RA includes multi-joint 
symmetry, invasive arthritis, and involvement of extra-
articular organ [3]. Fever, fatigue, pleuritis, depressive 
disorder, subcutaneous nodules, peripheral neuropathy, and 
other physical and mental diseases are also displayed by 
some patients [4]. Blood test of rheumatoid arthritis patients 
has shown the presence of “rheumatoid factor” in 80% of the 
cases. Genetic history, smoking habits, silica inhalation, 
periodontal disease, and microbes in the bowels (gut 
bacteria) are the risks associated with the development and 
progression of rheumatoid arthritis.  

Cytokines and chemokines are secreted at the site which 
induces hypoxic condition and further angiogenesis occur 
[5].These micro-environmental changes results in the 
buildup of synovial inflammatory tissues in rheumatoid 
arthritis. These are related with various complications 
including pain, swelling, stiffness, loss of function of joint. 
The dysregulated immune system leading to inflammation is 
associated with various risks and complications targeting 
multiple organs and various other areas of the body apart 
from the joints like lungs, skin, heart, and kidney [6]. As 
there is no cure for RA but the present treatments aims to 
lower the disease state. The treatment for rheumatoid 
arthritis involves medication in coalition with proper rest, 
exercise, adequate knowledge and in severe cases surgery. 
Currently available treatment includes NSAID’s, DMARD’s 
Anti-TNF biologics (which is a class of DMARDs) and few 
new medications which are under clinical phase. Therefore, 
the review outlines the causes of RA, pathology involved and 
the treatment for its management. 

2. CAUSES OF RA 

2.1 ENVIRONMENTAL ASPECT 

Many environmental factors are associated with the pre 
disposition of RA; this includes cigarette smoking, 
atmospheric agents, infections, dietary factors, pollutants 
and birth weights. Recent evidences indicate the relation of 
atmospheric and occupational agents with RA. Silica 
exposure in people leads to ACPA-positive rheumatoid factor 
positive RA [7,8] .Silica exposure can be encountered in 
mining, quarrying, drilling and some electronic industries 
[7]. Cigarette smoking is the well-studied factor correlated 
with RA. Smokers have approximately 2-fold higher risk of 
RA than nonsmokers and the risk is not because of nicotine 
but due to some other inhaled compound [9, 10]. The 
correlation found to be restricted to the anti-citrullinated 
protein/peptide antibody (ACPA)-positive RA [11]. 
Increased prevalence of RA is also associated with 
urbanization [12]. High weight at the time of birth is also 
related with RA (OR, 3.3) (birth weight > 4.5 kg corresponds 
to 2-fold increased risk of RA compared to birth weight in 
the 3.2–3.85 kg range [12], whereas breast feeding seems to 
impose a protective effect. Microchimerism is another aspect 
that may influence the probability of RA occurrence. 
Microchimerism is persistence in the body of the cells 
and/or DNA that make its journey from the foetus to the 
mother during the period of pregnancy. These cells remain 
in the mother’s body for several decades and may give rise to 
the development of autoimmune disorders [12].  
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 Infectious agents like Human parvovirus B19, Hepatitis A 
virus, Epstein–Barr virus, Rubella virus, Porphyromonas 
gingivalis, cytomegalovirus (CMV), Human retrovirus 5, 
Proteus mirabilis, Chlamydia pneumonia, Mycoplasma, 
Alphaviruses, Borrelia burgdorferi, Herpes simplex virus I and 
II,  Porphyromonas Gingivalis [13] and Helicobacter pylori 
links to the development of RA as they results in increased 
production of pro-inflammatory factor IL-6 and C-reactive 
protein [14]. This further leads to synovial inflammation and 
secretion of citrullinated proteins [14]. 

2.2 GENETIC ASPECT 

RA is also found to be linked with certain alterations at the 
genetic level, around 37-65% is estimated heritability [14]. 
According to the genomic study the HLA-DRB1 locus is the 
dominant genetic risk factors for RA [15]. HLA-DRB1 is a 
class II histocompatibilty complex located at chromosome 6. 
It encodes for an amino acid motif, located in the β-chain of 
the MHC molecule involved in antigen presentation and 
recognization between self and non-self. The mutation 
occurs at the antigen recognizing binding groove 

Apart from the alteration in HLA, mutations in the protein 
tyrosine phosphatase non-receptor 22 (PTPN22) gene [16, 
17] is also linked with multiple autoimmune diseases 
including RA. PTPN22 gene encodes for lymphoid tyrosine 
phosphatase, is a negative regulator of signal transduction 
from the TCR [18]. Polymorphisms of TRAF1-C5 and 
TNFAIP3 have also been associated with RA. Other non-HLA 
genetic risk factors includes mutation in STAT4 [19] and 
CTLA- 4, IL2/IL21, polymorphisms of PADI4 (which encodes 
an enzyme that converts the arginine residues of proteins 
into citrullines, which can then be recognized by ACPAs in 
the sera of RA patients [12]. 

Also, the probability of occurrence of RA is far more in 
women as compared to men, the female-to-male proportion 
being 3:1. The peak age at RA onset is the fifth decade, period 
when hormonal changes occur in women. Although, recent 
studies have suggested a slide to an older age. The 
dominance of RA in women’s also suggests the role of 
hormonal factors. In addition, estrogens stimulate the 
immune system while low levels of testosterone have been 
reported in men with RA [12]. 

2.3 EPIGENETIC ASPECT 

Epigenetics are a heritable change that focus on DNA 
methylation and Histone modifications, and is the 
interconnection between the genetic and environmental 
factors associated with RA. Studies have demonstrated that 
hypomethylation patterns of synovial fibroblasts DNA in RA, 
including hypomethylation of CXCL12 gene at promoter site 
[20] and the LINE1 retrotransposons [21]. LINE1 
retrotransposons are repetitive elements usually oppressed 
by DNA methylation. The loss of this oppressive DNA 
methylation process, the expression level of gene gets 
upregulated. Different hypo and hyper methylated patterns 
in the genomic regions were found in RA synovial fibroblasts 

[22]. It was also found that the HAT to HDAC activity 
proportion in case of arthritic joints was slided towards HAT, 
leading to acetylation of histone [23], thereby increasing in 
gene transcription. 

3. PATHOGENESIS OF RHEUMATOID ARTHRITIS 

The initiation of pathology occurs with the infiltration of 
leukocytes in the synovial compartment resulting in 
synovitis formation. These infiltered cells then migrate in 
synovial microvessels enabled by the endothelial activation, 
which further up-regulates the expression of adhesion 
molecules and coordinates production of chemokines and 
pro-inflammatory cytokines. This causes chronic 
inflammation at the site and activation of fibroblast [1]. The 
environmental factors also contribute towards it by 
modifying our own antigens such as IgG antibodies, Type II 
collagen and Vimentin, α-1-antitrypsin (A1AT), keratin type 
II, dynein heavy-chain 3, fibrinogen® chain, cuticular Hb4 
(KRT84), lumican, and tubulin ®-chain (TUBB). These 
proteins get modified by a process known as citrullination in 
which the amino acid arginine is converted to citrulline that 
act as a self altered antigen. These self antigens are 
recognized by the APC’s and are carried to the lymph nodes. 
CD4 TH cells are activated and stimulate B- lymphocyte cells 
which proliferate, differentiate into antibody producing 
plasma cells. These antibodies along with the TH cell enter 
the circulation and reaches to the joints. Cytokines 
(interferon gamma and interleukin 17) are secreted at the 
site and macrophages are recruited which further produce 
TNF-α, Interleukin-1, Interleukin-6 and induces the 
proliferation of the synovial cells (synovitis), this creates 
pannus at the site. Pannus is thick, swollen synovial 
membrane with granulation tissue which results in pain, 
joint swelling and joint damage. Over the time, the pannus 
can damage the cartilage, other soft tissue and can erode 
bones. The proliferated synovial cells secrete proteases that 
causes breakdown of proteins in articular cartilage and the 
underline bone gets exposed.  Meanwhile, auto-antibodies 
(IgM and anti-CCP) enter the joint, bind the altered Ag and 
form an immune complex activating the complement system 
resulting in joint inflammation and injury [24]. 

 

Fig-1: Pathogenesis that occurs during Rheumatoid 
arthritis. 
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4. INFLAMMATION 

Inflammation is a localized condition that is associated with 
various diseases. It is the defense mechanism of the host 
body during infection or injury and maintains tissue 
homeostasis in noxious conditions. It is one of the hallmarks 
of rheumatoid arthritis .There are many pro-inflammatory 
agents involved in inflammation, few prominent ones are 
tumor necrosis factor (TNF), interleukin IL-6, IL-1, IL-17. 
TNF-α secreted by the macrophages involved in tissue 
destruction and remodeling associated with the 
inflammatory disease. It is considered as a master regulator 
of cytokine production. Excessive secretion of these 
cytokines is triggered in RA which further results in its 
binding to specific receptors and stimulation of the signaling 
pathways. Two receptors of TNF that mediates the signaling 
pathway and results in the effects of TNF are TNFR1 (P55) 
and TNFR2 (P75). Except erythrocyte all the cell types 
expresses TNFR1 whereas TNFR2 is strictly expressed by the 
immune cells [25]. In case of rheumatoid arthritis the 
secretion of TNF-α is dysregulated resulting in induction and 
maintenance of synovitis. The cytokines TNF-α, IL-6, IL-1are 
released in the synovial microenvironment and leads to 
various systemic manifestations. It also affects the bone 
marrow, causing anemia in patients with rheumatoid 
arthritis [26, 27]. 

 

Fig-2: Mechanism of activation of inflammation facilitated 
by different pro-inflammatory cytokines TNF-α, IL-1, IL-6, 

IL-17. 

5. TREATMENT 

Treatment of rheumatoid arthritis is the conjunction of both 
the pharmacologic and non-pharmacologic therapies. The 
non-pharmacological therapy includes the physio-therapy, 
balanced diet, adequate exercise, stress reduction and 
surgery which include synovectomy, replacement of joint 
and tendon repair. Earlier aspirin and colloidal gold were 
administered to a RA patient. These drugs provides 
symptomatic relieves but does no slow down the 
progression of the disease. 

The pharmacologic therapy is drug based constituting of 
various classes of agents, Non-steroidal anti-inflammatory 
drugs (NSAID’s) and Disease-modifying anti-rheumatic 
drugs (DMARD’s) being the major ones. The DMARDs are 
further classified as cs-DMARDs, b-DMARDs and ts-DMARDs. 
The b-DMARDs also known as the anti-biologics are specific 
against the inflammatory cytokines. DMARDs have been the 
central focus for managing rheumatoid arthritis combined 
with physical therapy and aspirin (acetylsalicylic acid) or 
NSAID’s. DMARDs include Methoteroxate (MTX), 
Sulfasalazine (SSZ), Hydroxychloroquine (HCQ), 
Cyclosporine, Gold salts, Penicillamine, and Azathioprine 
which retard the progression of the disease. Methoteroxate 
(MTX) is the cornerstone in the treatment of RA. It can be 
combined with other DMARDs in different dosage. It 
modifies the cytokine profie and downregulates the MMPs 
that damages the bone and cartilage. The anti-inflammatory 
mechanism of NSAIDs is through the inhibition of the 
enzyme cyclooxygenase (COX) [28]. COX enzymes exist in 
two forms, e.g., COX-1 and COX-2. The COX-1 is expressed 
constitutively by most of the tissues and is associated with 
the formation of prostaglandins and thromboxane A2, while 
the expression of COX-2 is mediated by the inflammatory 
mediators [29]. Although they are effective against COX-1 
and COX-2 but also inhibit platelet aggregation and leads to 
significant gastrointestinal disorders such as bleeding, 
ulcers, and perforation [30]. COX-2 inhibitors have adverse 
effect on the cardiovascular system [31]. NSAID’s improves 
the physical function of joints by decreasing pain, swelling 
and stiffness but does not prevent the joint damage. A more 
potent anti-inflammatory than NSAIDs drug is 
Corticosteroids. They prevent the release of phospholipids 
and decreasing the actions of eosinophils, thereby further 
decreasing inflammation. 
 
The anti-TNF biologics inhibits the expression of pro-
inflammatory cytokines (IL-1, IL-6, and GM-CSF) in the 
synovial culture [32]. Anti-TNF biologics Infliximab and 
Adalimumab suppress antigen-induced IFN-γ production in 
blood [33] whereas Tocilizumab and Sarikumab target the 
cytokine IL-6.  But these anti-biologics are not equally 
effective in all patients. Up to 40% of patients are non-
responsive to anti-TNF treatment [34] and are associated 
with certain risks which need to be taken into account [35]. 

While the synthetic DMARD’s targets the Janus kinase [JAK] 
enzyme. 
 
Further genetically modified chimeric monoclonal antibody 
Rituximab have been developed that targets CD20-positive B 
lymphocytes [36]. The population of B lymphocytes which 
contributes to the inflammation cascade is depleted by this 
drug. Drugs like BCD-020, Maball, and MabTas are analogs of 
Rituximab which have been approved in some countries 
[37]. Although there are associated side effects reported 
include hypogammaglobulinemia, infection, late-onset 
neutropenia, and mucocutaneous reactions. Another 
monoclonal antibody is Belimumab that targets the 
stimulator of B lymphocyte thereby inhibiting its activity. 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 06 Issue: 11 | Nov 2019                   www.irjet.net                                                                    p-ISSN: 2395-0072 

 

© 2019, IRJET       |       Impact Factor value: 7.34       |       ISO 9001:2008 Certified Journal       |     Page 1236 

However, it does not come up as an effective drug during the 
phase II clinical trials [36]. 
 
T-cell medications are also being invrestigated at the clinical 
phases for their efficiencies. Some of them are ALX-0061, 
Sirukumab, Clazakizumab, Olokizumab [36].  
 
Denosumab (DMab) is a human monoclonal antibody 
inhibits bone resorption by binding the receptor activator of 
the NF-kB ligand (RANKL) which is crucial for 
osteoclastogenesis and bone resorption [36]. Despite the 
increasing new therapeutic regimes, complete long-term 
disease remission is not achieved in many cases and 
therefore much advancements are still required. 

6. CONCLUSION 

In order to develop new and effective therapeutics for RA, 
much insight knowledge of the pathophysiology is needed. 
However the adverse effects associated with them should 
also be well measured and analyzed. Gene array analysis is 
also being used to determine the risk of developing RA as it 
provides rapid and early diagnosis. It can be integrated with 
other classical and novel pharmacological therapies to 
achieve better results in diagnosing and treating RA. It is 
foreseen that treatment methods will face tremendous 
improvements in the management of RA. Therefore, with the 
aim to prevent remission of the disease and with no adverse 
effects various permutation and combination of the existing 
therapies and development of novel therapies is required. 
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