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Abstract 

Introduction: Cytokine expression and regulation may yield effective therapeutic targets in rheumatoid arthritis. 

Pathogenesis reveals (arguably) the most inclusive study of pathologic cytokine function in a chronic inflammatory disease 

in recent years. Presence of IL-1, IL-6, TNF alpha, chemokines (e.g., IL-8) and GM-CSF has been reported in patients with 

rheumatoid arthritis irrespective of curative therapy. They must be produced de novo in response to an immune stimulus. 

Generally act over short distances and short time spans and at very low concentration. India does not have a national 

rheumatoid arthritis surveillance system creation, it is very difficult to methodically access and determine burden of 

hospital-acquired rheumatoid arthritis. This review reports cytokine approach for the treatment of rheumatoid arthritis in 

north zone of India. 

Methods: Methodical review of the peer-reviewed works reporting the incidence of cytokine expression and regulation 

may yield effective therapeutic targets in rheumatoid arthritis and approach of cytokines for the treatment of RA in North 

Indian hospitals was identified using MEDLINE and CINAHL records.  

Results: Data of the 934 research papers recognized in the search, 30 articles were included in this review, these studies 

suggest that cytokines  act by binding to specific membrane receptors, which then signal the cell via second messengers, 

often tyrosine kinases, to alter its behavior (gene expression).Subsequently, other proinflammatory cytokines were also 

suppressed if TNF alpha was neutralized, paving way for the novel idea that the proinflammatory cytokines were linked in 

a network with TNF alpha at its apex. It shows that TNF alpha was of major importance in rheumatoid arthritis and was a 

therapeutic target. Numerous clinical trials using a chimeric anti-TNF alpha antibody have revealed marked clinical 

advantage, verifying the hypothesis that TNF alpha is of major importance in rheumatoid arthritis. Retreatment studies have 

also shown benefit in repeated relapses, indicating that the disease remains TNF alpha dependent.  

Conclusion: Overall, these studies demonstrate that analysis of cytokine expression and regulation may yield effective 

therapeutic targets in Rheumatoid arthritis. 

Keywords: Rheumatoid arthritis, Cytokines, Chemokines. 

1. Introduction  

Rheumatoid arthritis (RA) is a chronic 

autoimmune disease with 1% prevalence in the 

industrialized world specially in north zone of India, China  

and Asia due to improper lifestyle Fig-1 [1]. It comprises a 

syndrome of pain, stiffness, and symmetrical synovitis 

(inflammation of the synovial membrane) of diarthrodial 

joints (freely moveable joints such as the knee) that leads to 

functional decline, substantial comorbidity, and articular 

destruction in the metabolic systems, neurologic, and 

cardiovascular. Therapeutic approaches used previously 

relied on disease-modifying antirheumatic drugs 

(DMARDs) such as methotrexate and sulfasalazine that had 

only partial clinical benefit and were associated with 

significant toxicity [2]. Extensive genetic and pathogenetic 

studies point to dysregulation of both innate and adaptive 

immune compartments. These lead to an elaboration of 

autoantibody responses and dyslipidemia, which might 
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predate clinical disease onset by up to a decade [3]. After 

this particular localization onsets via mechanisms still 

unknown, which further leads to chronic synovitis. RA 

synovial membrane contains activated B and T cells, 

sometimes organized into germinal center–like structures, 

plasma cells, mast cells, and particularly activated 

macrophages, all recruited via an intense neovascularization 

process with associated lymphangiogenesis [4][5]. It is also 

recognized that host tissue cells (activated synovial 

fibroblasts, chondrocytes, and osteoclasts) are involved, 

mediating cartilage and bone destruction as well as feeding 

back to promote perpetuation of inflammation. A system of 

cytokines guide the employment, activation, and effector 

function of each of the contributor lineages [6]. 

 

 
Figure 1: Percentage of Rheumatoid arthritis patients in 

north zone of India form 2000 to 2020  
 

mRNA and protein analysis of cytokines in tissue 

with RA exposed that many proinflammatory cytokines 

such as tumor necrosis factor–α (TNF-α), GM-CSF, 

interleukin (IL-1, IL-6), and chemokine’s such as IL-8 are 

copious in all patients despite of therapy [2][7]. This is 

balanced to some extent by the amplified manufacture of 

anti-inflammatory cytokines such as IL-10 and TGF-β and 

cytokine inhibitors such as IL-1ra and soluble TNF-R. 

However, this enhancement in homeostatic regulatory 

mechanisms is not sufficient as these are unable to 

neutralize all the TNF-α and IL-1 produces [7]. 

The cell cultures from rheumatoid joints that 

spontaneously produce IL-1, TNF-α was found to be the 

key regulator of IL-1. TNF--α was found to be the main 

culprit since its neutralization subsequently inhibited, other 

proinflammatory cytokines. Gave rise to the new concept 

that TNF-α is at apex of the proin-flammatory cytokines 

network. This led to hypothesize that TNF-α was of key 

significance in rheumatoid arthritis and was a therapeutic 

target. This hypothesis has been positively tested in  in-vivo 

models for example, collagen-induced arthritis, and these 

studies have provided the rationale for clinical trials of anti-

TNF-α therapy in patients with long-standing rheumatoid 

arthritis [8]. Several clinical trials using a chimeric anti-

TNF-α antibody have shown marked clinical benefit, 

verifying the hypothesis that TNF-α is of major importance 

in rheumatoid arthritis. Repeated treatments have also 

shown benefit in recurring relapses, signifying that the 

disease remains TNF-α dependent. Overall these studies 

demonstrate that analysis of cytokine expression and 

regulation may yield effective therapeutic targets in 

inflammatory disease [9]. 

 

2. Signs and symptoms 

Sluggish advancement of signs and symptoms over 

weeks to months. First notices stiffness in one or more 

joints Pain on movement and by tenderness in the joint 

Rheumatoid arthritis is additive poly arthritis, involving 

five or more joints [10]. The joints involved most often are 

the proximal inter phalangeal (PIP): metacarpophalangeal 

(MCP) hands, wrists, shoulders, elbows, knees, and ankle: 

metatarsophalangeal (MTP) joints.  Stiffness in morning 

that persists for more than one hour but often lasting several 

hours. Nonspecific systemic symptoms primarily fatigue, 

malaise, and depression, May commonly precede other 

symptoms of the disease by weeks to months [11][12]. A 

range of chemical mediators including neurotransmitters, 

contribute towards pathogenesis of RA. Histamine is a 

classical mediator of inflammation and three types of 

receptors are known Histamine is involved in the 

pathogenesis of RA [13]. It is a chronic, autoimmune, 

inflammatory systemic disease of unknown etiology. 

Intense episodic synovitis in RA cause severe injury to the 

bone and cartilage.  This episodic synovitis can be 

attributed to various potent pro- inflammatory mediators 

known as cytokines that include IL–1, TNF–α, as well as 

several other cytokines [14]. IL–1 and TNF-α particularly 

abundant in the cytokine profile of the synovial lining of the 

joint. As a result of its potential effects on mediating joint 

damage, IL–1 is of particular interest in the pathogenesis of 

rheumatoid arthritis [15][16]. 

 

3. Cytokines  

Hematopoiesis, management of immunity & 

inflammation are the basic functions of cytokines, which 

are a group of proteins which intervene & control 

immunity. They must be produced de novo in response to 

an immune stimulus. Commonly act over short distances 

and small time spans and at very low concentration[17][18]. 

They function by binding to their receptors on the cell 

surface, which signal the cell via second messengers, often 

tyrosine kinases, to alter its behavior (gene expression). 

Responses to cytokines include increasing or decreasing 
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expression of membrane proteins (including cytokine 

receptors), proliferation, and secretion of effecter 

molecules[19]. Cytokine is a general name; other names 

are: 

 Cytokines from lymphocytes - lymphokine 

 cytokines from monocytes - monokine  

 cytokines with chemo tactic activities - chemokine  

 cytokines made by one leukocyte and acting on other 

leukocytes - interleukin 

Cytokines possess autocrine action, paracrine 

action, and in some instances endocrine action. It is a 

regular phenomenon for different cell types to produce the 

same cytokine or for a single cytokine to act on several 

different cell types pleiotropy [20]. They are outmoded in 

their activity i.e., resembling functions can be stimulated by 

other cytokines also, usually produced in a cascade, as one 

cytokine stimulates its cellular targets to make 

supplementary cytokines [21]. Also be synergistic in their 

action (two or more cytokines acting mutually) or 

antagonistic (cytokines possessing opposite activities). 

Their small half-life, pleiotropic, redundancy, and low 

plasma concentrations all complicated the isolation and 

characterization of cytokines. Searches for new cytokines 

are now often conducted at the DNA level, identifying 

genes similar to known cytokine genes [19]. 

3.1 Cytokine receptors 

Cytokine receptors have been classified based on 

their 3-D structure. These provide several unique 

perspectives for attractive pharmacotherapeutic targets [22]. 

 Immunoglobulin (Ig) super group, which are universally 

present maximum several cells and tissues of the 

vertebrate body, and it shares structural homology with 

immunoglobulins (antibodies), cell adhesion molecules, 

with some cytokines. Examples: IL-1 receptor types 

[23][24]. 

 Haemopoietic Growth Factor (type 1) group, whose 

members have certain conserved motifs in their 

extracellular amino-acid domain. The IL-2 receptor 

belongs to this sequence, which when deficient in γ-chain 

(common to many other cytokines), is directly 

accountable for the x-linked form of Severe Combined 

Immunodeficiency (X-SCID)[25]. 

 Interferon (type 2) group, whose members are receptors 

for IFN β and γ [26]. 

 Tumor necrosis factors (TNF) (type 3) group, whose 

effective members share a cysteine-rich mutual 

extracellular compulsory domain, and includes several 

other non-cytokine ligands like CD40, CD27 and CD30, 

besides the ligands on which the group is named (TNF) 

[27]. 

Seven Trans membrane helix family, the 

ubiquitous receptor type of the animal kingdom. All G 

protein-coupled receptors (for hormones and 

neurotransmitters) belong to this family. Chemokine 

receptors, two of which act as binding proteins for HIV 

(CXCR4 and CCR5), also belong to this family [28]. 

Types of cytokines 

The Member cytokines of four-α-helix bundle 

family, have three-dimensional structures with four bundles 

of α-helices [29][30]. 

 

Table 1: Types of cytokines 

Cytokine Producing Cell Target Cell Function 

GM-CSF T h cells Progenitor cells Growth and differentiation of Monocytes and 

DC [31] 

IL-1 

 

Monocytes 

macrophages  

B cells  

DC 

T h cells 

B cells 

NK cells 

Various 

Co-stimulation 

Maturation and proliferation 

Activation 

Inflammation, acute phase response, fever [32] 

IL-2 T h1 cells Activated T and B cells, 

 NK cells 

Growth, proliferation,  

activation [33] 

IL-3 T h cells NK cells Stem cells ,Mast cells Growth and differentiation Growth and 

histamine release [34][35] 

IL-4 T h2 cells Activated B cells 

Macrophages 

T cells 

Proliferation and differentiation 

IgG1 and Ig E synthesis 

MHC Class II Proliferation [35] 

IL-5 T h2 cells Activated B cells Proliferation and differentiation 

IgA synthesis [34] 

IL-6 Monocytes macrophages 

T h2 cells  stromal cells 

Activated B cells Plasma cells 

Stem cells 

Various 

Differentiation into plasma cells Antibody 

secretion 

Differentiation 

Acute phase response [36] 

IL-7 Marrow stroma 

thymus stroma 

Stem cells Differentiation into progenitor B and T cells 

[37] 

IL-8 Macrophages 

endothelial cells 

Neutrophils Chemo taxis [38] 
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Table 1 Continue................. 

IL-10 T h2 cells Macrophages 

B cells 

Cytokine production 

Activation [39] 

IL-12 Macrophages 

B cells 

Activated Tc cells NK cells Differentiation into CTL 

(with IL-2)Activation [40] 

IFN-α Leukocytes Activate NK cells and to augment their 

cytotoxic activity Various 

Innate immune response against viral infection 

[41] [41]xpression 

IFN-β Fibroblasts Various Viral replication  

MHC I expression [42] 

TGF-β 

 

 

T cells, Monocytes Monocytes, macrophages Activated 

macrophages Activated B cells Various 

Chemotaxis 

IL-1 synthesis 

IgA synthesis 

Proliferation [43] 

TNF 

 

 

Macrophages, mast cells, 

NK cells 

Macrophages 

Tumor cells 

CAM and cytokine 

expression 

Cell death [44] 

TNF-α T h1 and 

Tc cells 

Phagocytes 

Tumor cells 

Phagocytosis, 

NO production 

Cell death [45] 

 

 

3.2 Role of cytokines in RA 

The appreciation of the role played by cytokines in 

RA pathogenesis reflects (arguably) the most 

comprehensive analysis of pathologic cytokine function in a 

chronic inflammatory disease in recent years [46].The ease 

of procurement of diseased tissue from the infrected site 

(synovial joint) has facilitated both the investigation and 

recognition of the key molecules involved in the 

pathogenesis of the disease [47]. In this Review, we are 

providing a historical standpoint outlining those studies that 

recognized the pivotal role of TNF-α in the pathogenesis of 

RA, which covered the method to the principal clinical 

trials of a biological therapeutic in this disease. Thereafter, 

this article would address other cytokines too which might 

play a role in the disease, including those found in the IL-1, 

IL-6, and IL-23 superfamilies [48][38]. Later this review 

will also cover some selected cytokines that bind a receptor 

containing the common γ-chain (γc) [49]. Notably, the 

nature of rheumatoid disease has changed since authors 

have started their studies around more than 20 years back. 

This resulted in part from more aggressive intervention 

initiated earlier and is reflected in improved functional 

outcomes and reduced erosive progression manifest in 

fewer arthroplasties (joint replacements) [50]. Presently, 

RA synovial tissue is acquired for ex-vivo analysis is 

usually less cellular and inflammatory than previously 

analyzed tissues (authors’ unpublished observations). 

Furthermore, because it is obtained from joint replacement 

surgery from “end-stage” disease [51], it might not be 

useful for identifying factors important in the early phases 

of disease. These facts have implications for identifying 

novel targets in this disease and might also contribute to the 

differences recently observed between results of studies in 

vitro and in mouse models and those on human diseased 

tissue [52]. Nevertheless, we propose that novel therapeutic 

targets and further improvement in outcomes might be 

offered by continued elucidation of the effector biology of 

cytokines. TNF inhibitors embody the first rational 

treatment. TNF-α and IL-1 induce both, synthesis and 

secretion of matrix-degrading proteases [51], prostanoids, 

IL-6, IL-8 and granulocyte-macrophage colony stimulating 

factor (GM-CSF) from synovial fibroblasts. These are the 

chief macrophage-derived cytokines present in the 

rheumatoid joint.Consequently, attention has focused on 

inhibition of TNF-a as a way to treat RA [53][54]. 

3.3 Treatment 

Till the 1950s, Aspirin (an anti-inflammatory 

agent) was the core of RA therapy. Disease-modifying anti-

rheumatic drugs (DMARDs), corticosteroids like 

methotrexate (MTX), sulphasalazine, and leflunomide [55]. 

Conventional DMARDs, however, have several limitations, 

like slow onset of action, Induction of partial remission and 

modest 5-year retention rates. The quest for an ideal 

DMARD thus continues [56] Biological response modifiers 

are therapeutic agents that have potential to inhibit the RA. 
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Table 2: Drug used in treatment of RA 

Drug Dose Mechanism Interaction                                 Adverse effect 

Etanercept 50 mg self-

administered 

once per week by 

subcutaneous 

injection. 

Etanercept binds TNF in the 

circulation and in the joint, 

preventing interaction with 

cell surface TNF receptors 

thereby reducing TNF 

activity[57][58] 

Anakinra[59][60], 

cyclophosphamide[60] 

 

Upper respiratory infection, 

Transient neutropenia, blood 

dyscrasias  

[61][62][63][64]. 

Infliximab. 

 

3 mg/kg for RA 

given as an 

intravenous 

infusion 

Infliximab binds TNF in the 

joint and in the circulation, 

preventing its interaction with 

TNF receptors on the surface 

of inflammatory cells,Thus 

Infliximab inhibits the activity 

of TNF. 

Methotrexate [64]. Sepsis, disseminated 

tuberculosis, fever, chills, 

body aches, and headache 

Cancer Risk, Congestive 

Heart Failure and Multiple 

Sclerosis [64][65]. 

 

Adalimumab. 40 mg dose is 

given by self-

administered 

subcutaneous 

(SC) injection 

every other 

week. 

Adalimumab binds 

specifically to TNF and 

blocks its interaction with the 

p55 and p75 cell surface TNF 

receptors, thereby interfering 

with endogenous TNF activity 

Methotrexate or other 

non-biologic drugs. 

Upper respiratory tract 

infections, bronchitis and 

urinary tract infection[61] 

Tocilizumab 

[66] 

 

. 

4 milligrams of 

tocilizumab per 

kilogram of body 

weight 

Works by blocking a cytokine 

known as interleukin 6, or IL-

6[2]. 

               

 

      _ 

Fever and chills, tuberculosis 

 

 

Anakin 

r [15] 

100 mg/day 

administered 

daily by 

subcutaneous 

injection. 

Anakinra blocks the biologic 

activity of IL-1 by binding to 

IL-1R type I with the same 

affinity as IL-1 beta. 

Taking etanercept with an

akinra can increase your 

risk of getting an 

infection.[67] 

Injection site reactions, 

erythema, itching, and 

discomfort[14]. 

Rituximab 

[68] 

 

 

 

375 mg 

intravenously 

weekly infusions 

Stops the activation of a type 

of white blood cell called B 

cells. 

enalapril, metoprolol, vera

pamil azathioprine, 

cyclosporine,  prednisone,

[68] 

Heart attack, low blood 

pressure[69], 

Itching, chest pain,cancer, 

Abatacept [70] 500 mg IV 

 

Blocks a particular chemical 

that triggers the 

overproduction of white blood 

cells called T cells that play a 

role in rheumatoid arthritis 

inflammation[71]. 

Combining etanercept 

with abatacept can 

increase your risk of 

getting an infection. 

Diarrhea, headache, dizziness,  

swelling, bruising, mild pain, 

or redness at the injection site, 

mild sore throat, nausea, 

stomach pain or upset, stuffy 

nose[72]. 

Golimumab 50 mg injected 

subcutaneously 

once monthly. 

 

Reduce inflammation by 

blocking tumor necrosis factor 

(TNF)[73]. 

Combining anakinra (Kine

ret), abatacept (Orencia),ri

tuximab (Rituxan) with 

golimumab may result in a 

reduction of white blood 

cells in the 

blood(neutropenia)[74]. 

Respiratory tract 

infections liver 

tests, tuberculosis, sepsis , con

gestive heart 

failure. Cancer, hepatitis  

virus ,psoriasis[75]. 

 

The first two biological developed for the 

treatment of RA were the TNF-α inhibiting agents, namely 

etanercept and infliximab. The first two biological 

developed for the treatment of RA were the TNF-α 

inhibiting agents, namely etanercept and infliximab [76].  

There after 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 

biological represent a major advance in the treatment of 

RA. 

http://www.medicinenet.com/script/main/art.asp?articlekey=780
http://www.medicinenet.com/script/main/art.asp?articlekey=856
http://www.medicinenet.com/script/main/art.asp?articlekey=856
http://www.medicinenet.com/script/main/art.asp?articlekey=856
http://www.medicinenet.com/script/main/art.asp?articlekey=764
http://www.medicinenet.com/script/main/art.asp?articlekey=809
http://www.medicinenet.com/script/main/art.asp?articlekey=19189
http://www.medicinenet.com/script/main/art.asp?articlekey=58563
http://www.medicinenet.com/script/main/art.asp?articlekey=15767
http://www.medicinenet.com/script/main/art.asp?articlekey=15767
http://www.medicinenet.com/script/main/art.asp?articlekey=15767
http://www.medicinenet.com/script/main/art.asp?articlekey=427
http://www.medicinenet.com/script/main/art.asp?articlekey=505
http://www.medicinenet.com/script/main/art.asp?articlekey=97492
http://www.medicinenet.com/script/main/art.asp?articlekey=13931
http://www.medicinenet.com/script/main/art.asp?articlekey=459
http://www.medicinenet.com/script/main/art.asp?articlekey=459
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4. Conclusion 

RA remains a formidable clinical problem despite 

the remarkable advances of recent years. Progressive 

articular damage (radiographic progression), functional 

decline, and risk of comorbidities remain for a substantial 

proportion of patients. Crucially, there is as yet little 

evidence that we can reestablish immunologic tolerance and 

hence aim for drug-free remission on a regular basis. Drug 

responses and toxicities remain idiosyncratic, with few 

reliable biomarkers for prognostic or therapeutic purposes 

yet available.  

In recent years the most inclusive investigation of 

pathologic cytokine function in a chronic inflammatory 

disease, is their role in pathogenesis of RA. 
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