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Abstract 

Rheumatoid Arthritis (RA) is an autoimmune disease and chronic inflammatory disor-

der that affects joints and causes inflammation, pain, stiffness, and eventually progres-

sive joint destruction. Approximately 1% of the world's population is estimated to suffer 

from RA, and if this disease is left untreated, it can lead to severe disability. Despite all 

the efforts and advances made by professionals in the field, there is currently no defini-

tive treatment for RA, and most treatment strategies are aimed at relieving symptoms 

and improving patients' quality of life. One of the most promising current approaches is 

the use of recombinant proteins that target specific signaling pathways involved in the 

development of RA to alleviate symptoms and slow the progression of the disease. This 

article discusses the genetic and immunological factors that influence the development 

of RA, recombinant proteins, methods of using these proteins, approved drugs, and side 

effects associated with treating RA. 
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Introduction 
 

Introduction and description of the problem 

Rheumatoid Arthritis (RA) is a chronic inflammato-

ry disease that affects synovial joints and leads to pain, 

stiffness, and reduced mobility. Although the exact 

cause of this disease is not fully known, it appears to be 

an autoimmune disease in which the immune system 

mistakenly attacks the body's tissues. This problem is 

the result of a combination of genetic factors, the envi-

ronment, and the immune system. RA is a complex 

disease involving both resident cells and infiltrating 

cells in membrane tissue 1. In this disease, significant 

amounts of new vessels are formed in the membrane 

tissue, facilitating invasion by lymphocytes and mono-

cytes and transforming a cell-free, loose cavity mem-

brane into an abnormal, tumor-like invasive tissue. 

Micro vessels proliferate, forming straight vessels and 

branching regularly 1. Studies have shown that the syn-

ovial fluid in patients with RA is highly inflamed in all 

joints and expresses much inflammatory genes 2. The 

pathophysiology of RA is heterogeneous and includes 

defects in the innate and adaptive immune systems, 

genetic and environmental factors, autoantibodies, cel-

lular changes, signaling pathways, and metabolism 1. 

Understanding the role of individual variations in the 

cellular and molecular mechanisms associated with RA  

 

 

 

 

 

 

will significantly improve clinical care and patient out-

comes. Individualized responses to standard therapy 

are observed in RA because of pathophysiological het-

erogeneity, ultimately leading to poor overall prognosis 
2. Key cellular and molecular findings in RA include 

angiogenesis, B cells, fibroblasts, reduced oxygen lev-

els, synovial tissue, and T cells. Researchers are inves-

tigating altered metabolic pathways underlying synovi-

al inflammation in RA 1. The molecular and cellular 

heterogeneity of RA is a hot topic, and understanding 

the underlying mechanisms may lead to therapeutic 

intervention 3. RA is currently treated worldwide to 

reduce inflammation, relieve pain, and slow the pro-

gression of joint damage. Conventional treatments in-

clude nonsteroidal anti-inflammatory drugs, disease-

modifying antirheumatic drugs, and biological agents, 

and in recent years, recombinant proteins have 

emerged as promising biological agents that can target 

specific proteins or cells involved in the inflammatory 

response 4. Recombinant proteins are synthetic proteins 

that are produced in the laboratory using genetic engi-

neering techniques. These proteins can mimic the func-

tions of natural endogenous proteins, such as cyto-

kines, growth factors, and antibodies. In the case of  
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RA, recombinant proteins can be used to target specific 

proteins or cells involved in the inflammatory response 
5. Abatacept, for example, is a recombinant protein that 

binds to T cells and plays a key role in the immune 

response and prevents their activation. By inhibiting 

the activation of T cells, this protein can reduce in-

flammation, slow the progression of joint damage, and 

be effective for treating RA 6. 
 

Factors Influencing the Development of RA  

In addition to environmental factors such as smok-

ing, infections, and exposure to certain occupational 

hazards 7, several genetic factors, such as PTPN22, 

STAT4, TRAF1, and TNFAIP3, have been identified 

as being involved in the pathogenesis of rheumatoid 

arthritis 8. However, the best-known genetic risk factor 

is the HLA-DRB1 gene, which codes for a protein in-

volved in antigen presentation on T cells. Certain vari-

ants of the HLA-DRB1 gene, known as shared epitope 

alleles, are also strongly associated with an increased 

risk of developing this disease 9. Because RA is classi-

fied as an autoimmune disease, immunological factors 

are among the most potent factors for the onset and 

exacerbation of this disease. In autoimmune diseases, 

the immune system mistakenly attacks the body’s tis-

sues. In this disease, the immune system targets syno-

vial fluid tissue, leading to chronic inflammation and 

joint damage. The exact mechanisms of immune sys-

tem activation in RA are not yet fully understood, but 

several immunological factors are involved 10. 
 

T cells 

T cells play an important role in the pathogenesis of 

RA. In particular, CD4+T cells, also known as helper T 

cells, are involved in the activation of other immune 

cells, such as B cells and macrophages, and the produc-

tion of proinflammatory cytokines, such as TNF-α and 

IL-17. In addition, the number and function of regula-

tory T cells, which contribute to the suppression of the 

immune response, are reduced in patients with RA 11. 

In RA, the infiltration of T cells into the synovial 

membrane triggers the activation of macrophages and 

synovial fibroblasts, transforming them into tissue-

destructive effector cells. In this disease, multiple T 

cell activation pathways are involved, which are com-

binations of HLA class II molecules. Aberrant path-

ways of T-cell activation, differentiation, and persis-

tence play a key role in RA, along with disease-

associated variants such as HLA-DRB1, PTPN22, 

CTLA4, IL2RA, IL2RB, and STAT4 12. In addition, in 

patients with RA, it has been observed that clonally 

expanded CD4+ T cells lose expression of the CD28 

molecule and gain expression of perforin and granzy-

me. Consequently, the functional profile of expanded 

CD4(+)CD28 null T cells is fundamentally skewed 

towards causing tissue damage and vascular injury 13. 
 

B cells 

As RA progresses, the chronic inflammatory reac-

tion in the synovial membrane causes the migration of 

monocytes, T, and B cells into the stroma under the 

synovial layer. The B cells in the synovial tissue are 

activated by autoantigens. This leads to the formation 

of aberrant germinal centers, the formation of plasma 

cells, and subsequently the activation and differentia-

tion of B cells. With the formation of plasma cells, 

autoantibodies with high affinity are secreted into the 

synovial tissue. The formation of the antigen-antibody 

complex, the activation of the complement cascade, 

and the stimulation of macrophages lead to further de-

struction of the joints. B cells play an essential role in 

the activation of synovial T cells and the triggering of 

cytokine secretion. Cytokines of the TNF family, such 

as TNF-α or lymphotoxin as well as IL-6, can play an 

important role 14. These cytokines not only intensify 

the inflammatory process but are also very important 

for the ontogenesis of lymphoid organs.  

B cells have several functions in the immune re-

sponse. They are important as precursor cells for plas-

ma cells and thus for antibody production 15. In addi-

tion, B cells are also regulatory cells that can influence 

the disease process through the production of cyto-

kines. Another function of B cells is the presentation of 

antigens and thus the activation of T cells. In around 

10% of patients, large cell clusters can be seen in a 

follicle-like structure containing CD20+B lympho-

cytes. At the center of these large cell clusters is a net-

work-like structure formed by Follicular Dendritic 

Cells (FDC). The task of these dendritic cells is to pre-

sent B-cell antigens. The FDC carries the antigen on its 

surface in the form of antigen-antibody complexes. The 

antigen-antibody complex binds via the complement 

receptor and the Fc receptor and is thus presented to 

the B cells. This FDC-like network structure can only 

form in the presence of lymphotoxin-positive B cells. 

B cells receive important survival signals from FDCs. 

FDCs also play an important role in the T cell-depend-

ent immune response. In the germinal center reaction, 

FDCs support the proliferation of B cells. They are 

responsible for ensuring that only B cells with a high-

affinity antigen receptor differentiate into plasma or 

memory cells. It has also been discussed that fibro-

blasts, which are activated by chronic inflammatory 

processes in the synovial tissue, differentiate into FDC. 

Interestingly, FDC networks and the resulting for-

mation of aberrant germinal centers have also been 

described in other autoimmune diseases with local 

chronic inflammation 16,17. 
 

Cytokines 

Cytokines are small proteins that play a role in regu-

lating the immune response. In RA, several cytokines 

are involved in the pathogenesis of the disease, includ-

ing TNF-α, IL-1, IL-6, IL-17, and IL-23. These cyto-

kines activate immune cells and stimulate vascular 

function. The generation and production of matrix met-

alloproteinases increase inflammation and joint dam-

age 18. 
 



Soleimani Sasani M and Moradi Y 

 Avicenna Journal of Medical Biotechnology, Vol. 16, No. 3, July-September 2024  139 

Biomarkers of RA 

Biomarkers are measurable indicators that can pro-

vide information about the presence, severity, and pro-

gression of disease. In recent years, significant pro-

gress has been made in the identification and validation 

of biomarkers for RA 19. These biomarkers are classi-

fied to following items: 
 

Diagnostic biomarkers 

Several biomarkers have been identified that can as-

sist in the diagnosis of RA. These include autoantibod-

ies such as rheumatoid factor and antibodies against 

cyclic citrullinated peptides, which are present in ap-

proximately 70-80% of patients with RA 20. Other bi-

omarkers that have been proposed for the diagnosis of 

RA include cytokines, such as IL-6 and IL-33, and 

chemokines, such as CXCL13 21,22. 
 

Prognostic biomarkers 

Prognostic biomarkers are indicators that can predict 

the severity and progression of RA. Several markers, 

including increased levels of acute-phase reactants, 

such as C-Reactive Protein (CRP), the Erythrocyte 

Sedimentation Rate (ESR); and autoantibodies, such as 

anti-CCP antibodies, are associated with a worse prog-

nosis in patients with RA 23,24. Other biomarkers that 

have been proposed as prognostic indicators in RA in-

clude cytokines such as IL-6 and TNF-α 25 and chemo-

kines such as CXCL10 25. 
 

Predictive biomarkers 

Prognostic markers can predict the response to a 

specific treatment in patients with RA especially in the 

period of biological medicines. Several markers, such 

as TNF-α inhibitors, indicate the response to biological 

agents. These autoantibodies include autoantibodies, 

such as rheumatoid factor and anti-CCP antibodies, and 

cytokines, such as IL-6 and IL-10 26,27. Other bio-

markers that have been proposed to predict the re-

sponse to biological agents in patients with RA include 

MRI with contrast agents and ultrasound 28,29. 

Currently, predictive biomarkers are being investi-

gated for each biological drug  . The biomarkers that 

predict a better response to rituximab treatment include 

lower levels of type I interferon (IFN-γ), reduced se-

rum levels of B-cell activating factor (BAFF) or B 

lymphocyte stimulator (BLyS), and a favorable Fcγ 

receptor III (FcγRIII) genotype 30. Predictors in pa-

tients treated with tocilizumab are increase the baseline 

ESR of >30 mm/hr and baseline CRP levels of >10 

mg/L, and the presence of extra-articular disease mani-

festations 31. 
 

Monitoring of biomarkers 

Monitoring biomarkers are indicators that can be 

used to assess the response to treatment and disease 

activity in patients with RA. Several markers, includ-

ing acute-phase reactants such as CRP and ESR, as 

well as cytokines such as IL-6 and TNF-α, are useful 

for monitoring disease activity in patients with RA. 

Other biomarkers that have been proposed for monitor-

ing disease activity in RA include imaging techniques 

such as ultrasound and MRI, as well as evaluating indi-

ces such as the disease activity score, the simplified 

disease activity index, and the clinical disease activity 

index 32-34. 
 

Recombinant proteins used to treat RA 

The use of recombinant proteins has emerged as a 
 

promising treatment for RA because they can specifi-

cally target the inflammatory pathways involved in the 

disease. However, it is always important to note that 

the dose and frequency of these treatments may be ad-

justed on the basis of the patient's response and disease 

activity, as well as other factors such as side effects 

and drug interactions. Therefore, patients who receive 

these treatments should be carefully monitored by a 

healthcare provider to ensure optimal dosage and fre-

quency 4. 
 

Tumor necrosis factor inhibitors 

TNF inhibitors are a class of recombinant proteins 

that bind to and neutralize TNF, a proinflammatory 

cytokine that plays a crucial role in the development of 

RA. Several TNF inhibitors 18, including infliximab, 

adalimumab, etanercept, certolizumab pegol, and goli-

mumab, are currently available. Among these drugs, 

infliximab, adalimumab, and etanercept are the three 

TNF inhibitors currently approved for the treatment of 

this disease 4,35,36. These agents are effective at reduc-

ing disease activity, improving joint function, slowing 

radiographic progression, alleviating joint symptoms, 

and reducing inflammation and disease progression in 

patients with RA. Unfortunately, these treatments are 

also associated with an increased risk of infection and 

other side effects, such as injection site reactions 4. 

Infliximab is a chimeric murine variable region/ 

human IgG1. It is a monoclonal antibody (mAb) bio-

logically classified as human Tumor Necrosis Factor-α 

(TNFα). the protein chemical formula is C6428H9912 

N1694O1987S46 with a weight near 145 kDa 37. Af-

ter infliximab injection, this drug shows a good rela-

tionship between the administered dose and the maxi-

mum amount in blood. In patients with RA, the maxi-

mum infliximab concentration after a single dose injec-

tion of 5 mg/kg, 10 mg/kg, and 20 mg/kg was 192±51 

µg/ml, 427±106 µg/ml, and 907±183 µg/ml, respective-

ly 38.  

Adalimumab is a mAb composed of two kappa light 

chains each having a molecular weight of approximate-

ly 24 kDa and two IgG1z heavy chain, each with a mo-

lecular weight of approximately 49 kDa with a protein 

formula of C6428H9912N1694O1987S46 and its molecular 

weight is 145 kDa 39,40. After a single subcutaneous 

injection of 40 mg adalimumab into healthy adults, 

peak plasma concentration and time to peak were 4.7± 

1.6 μg/ml and 131±56 hr, respectively. The mean bioa-

vailability of adalimumab after a single 40 mg subcuta-

neous dose was estimated to be 64% from three clinical 

studies. After a single injection, the pharmacokinetics 
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of adalimumab exhibited a more linear pattern between 

0.5 and 10.0 mg/kg after a single intravenous dose 41.  

Full-length IgG1 antibodies, such as infliximab and 

adalimumab, can inhibit TNFα-producing cells by 

forming a 1:2 complex with the transmembrane TNFα 

trimer, causing apoptosis and cell cycle G0/G1 arrest 
39. Etanercept is a dimeric fusion protein produced by 

recombinant DNA technology, that combines two natu-

rally occurring soluble human 75 kDa TNF receptors 

linked to an Fc portion of IgG1. Etanercept is a com-

plex molecule that contains 6 N-glycans, up to 14 O-

glycans, and 29 disulfide bridge structures 42,43. This is 

a 51234.9 Da molecule protein with chemical formula 

C2224H3475N621O698S36 44. Pharmacokinetic modeling in 

adults with RA, Ankylosing Spondylitis (AS) and 

healthy individuals showed a subcutaneous absorption 

of 56.9% and a Ka of 0.0223/hr. Another sample of 

pediatric patients with Juvenile Idiopathic Arthritis 

(JIA) showed an increase in Ka of 0.05/hr with a high 

mean interindividual variability of up to 215%. After a 

single 25 mg subcutaneous injection of Enbrel, maxi-

mum concentration (Cmax) is 1.1 µg/L and time to 

maximum (Tmax) of 69 hours. According to reports, 

when using a dose of 25 mg twice a week in adult RA, 

Cmax after repeated administration is 2.4 µg/L; Cmax 

in JIA pediatric patients when the dose is 0.4 mg/kg 

twice weekly is 2.1 µg/L 45,46. 
 

Interleukin-6 (IL-6) inhibitors 

IL-6 inhibitors are a class of recombinant proteins 

approved for the treatment of RA. IL-6 is a cytokine 

that increases RA and contributes to inflammation and 

joint destruction 47. Tocilizumab and sarilumab are two 

IL-6 inhibitors currently approved for the treatment of 

RA 4. These drugs, which are recombinant human mo-

noclonal antibodies, bind to the IL-6 receptor and 

block its signaling pathway 47, ultimately reducing its 

activity. Disease, improving joint function, and slow-

ing radiographic progression in patients with this con-

dition are effective in improving joint symptoms by 

reducing inflammation. However, these drugs are still 

associated with an increased risk of infections and oth-

er side effects, such as elevated liver enzymes and gas-

trointestinal perforation 4,47. 

Tocilizumab is a humanized recombinant mAb of 

the IgG1 kappa subclass produced by recombinant 

DNA technology. The antibody is composed of two 

heavy chains and two light chains with 12 intrachain 

and four interchain disulfide bonds, and with a total 

mass of 149 kDa (Sheppard et al, 2017). The chemical 

formula of TCZ is C6428H9976N1720O2018S42 48. Tocili-

zumab inhibits IL-6 classical and trans signaling path-

ways by binding to membrane-bound IL-6R (mIL-6R) 

and soluble IL-6R (sIL-6R) 47. Tocilizumab binds to 

the receptor, preventing it from binding to IL-6. The 

resulting tocilizumab–receptor complex is biologically 

inactive because it cannot affect the dimerization of the 

gp130 molecules. In the absence of dimerization, the 

IL-6 signaling is completely blocked 47. At a subcuta-

neous dose of 162 mg every week Cmax is 51.3±23.2 

µg/ml and Area under the ROC Curve (AUC) is 8254± 

3833 µg*hr/ml. Administration of the same dose every 

2 weeks resulted in a Cmax of 13±8.3 µg/ml and an 

AUC of 3460±2530 µg*hr/ml. At a dose of 162 mg 

administered subcutaneously every 4 weeks, Cmax was 

154±42 µg/ml and AUC was of 39216±14304 µg*hr/ 

ml 49.  

Sarilumab is a mAb with protein structure C6388 

H9918N1718O1998S44 and a molecular weight of approxi-

mately 150 kDa. Sarilumab is well absorbed after sub-

cutaneous injection in patients with RA and reaches 

maximum levels in the blood after 2-4 days. For the 

150 mg dose every 2 weeks, the AUC, Cmin, and 

Cmax values of sarilumab were 202±120 mg·day/L, 

6.35±7.54 mg/L, and 20.0±9.20 mg/L, respectively. the 

AUC, Cmin, and Cmax values of sarilumab were 

395±207 mg·day/L, 16.5±14.1 mg/L, and 35.6±15.2 

mg/L, respectively. For the 200 mg every two weeks  
 

dosage regimen 50,51. Sarilumab is a covalent hetero-

tetrametric consisting of two disulfide-linked heavy 

chains covalently linked to a kappa light chain. The 

heavy chain consists of a continuous IgG1 constant 

region with a single an N-linked glycosylation site in 

the Fc portion of the molecule. Complementation De-

termining Regions (CDRs) in the variable domains of 

both light and heavy chains combine to form the bind-

ing site for IL-6R. As an IgG1 molecule, sarilumab 

mediates Fc effector activity by binding to IL-6Ra, and 

it rapidly binding to FcγRI, FcγRIIa, FCγRIIb, 

FcγRIIIa, and FcγRIIIB 52. 
 

Interleukin-1 inhibitor 

IL-1 is another pro-inflammatory cytokine involved 

in the pathogenesis of RA. Anakinra is a recombinant 

human IL-1 receptor antagonist that blocks the activity. 

It is effective in reducing disease activity and improv-

ing joint mobility in RA patients 53. Its use is limited 

due to need for daily subcutaneous injection and the 

potential of injection sites 36. Anakinra is an interleukin  
 

product with the chemical formula C759H1186N208O232 

S10 and a molecular weight of 173 kDa. Anakinra is a 

recombinant human interleukin-1 (IL-1) receptor an-

tagonist (IL-1Ra) containing 153 amino acid residues. 

Unlike native human IL-1Ra, anakinra has an addition-

al methionine residue at its amino terminus. It also 

differs from the human protein in that it is produced in 

Escherichia coli, therefore is not glycosylated. By 

binding to the IL-1 receptor, the drug competes fir IL-

1α and β and inhibits its activity 54,55. 
 

Targeted B-cell therapies 

B cells play a crucial role in the development of RA 

by producing auto antibodies and cytokines that lead to 

joint inflammation and damage. B-cell depletion thera-

py is a therapeutic strategy that targets B cells of the 

immune system that produce autoantibodies in patients 

with RA. Rituximab is a recombinant chimeric mAb 

that targets CD20, a B-cell surface antigen, and de- 
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pletes B cells from the circulation. Rituximab is cur-

rently the only approved B-cell depletion treatment for 

RA 36. It effectively reduces disease activity, improves  
 

joint function, decreases inflammation, and slows radi-

ographic disease progression. Improvement of physical 

performance in patients with RA is effective 56. How- 

 

Table 1. Recombinant agents, methods of action, prescriptions, and side effects of recombinant proteins for the treatment of rheumatoid arthritis 
 

Drug 

inhibitor 

group 

Drug name (drug 

bank access number) 

FDA approval 

history 

Standard way of 

prescribing 
Side effects of the drug Ref 

Tumor necrosis factor (TNF) 

 
Infliximab 

(DB00065) 

August 24, 

1998 

Intravenous infusion: 

every 4 to 8 weeks 

- Multiple sclerosis 
- Neuropathy 

- Myelitis chronic inflammatory demyelinating disorder 

(60) 

 
Adalimumab 

(DB00051) 

December 31, 

2002 

Subcutaneous injec-

tion: every 1 to 2 
weeks 

- Injection site reactions 
- Increases the risk of rare and serious infections, such as  

tuberculosis or deep fungal infections 

- Exacerbation or onset of congestive heart failure 
- Lupus-like syndrome 

- Promotion of lymphoma 

- Cytopenias 
- Worsening or onset of multiple sclerosis or other neurological 

disorders 

- Pancytopenia and elevated transaminases. 

(61) 

 
Etanercept 

(DB00005) 

November 2, 

1998 

Subcutaneous injec-

tion: every 1 to 2 
weeks 

- Chills, cough, fever 

- Sneezing, sore throat 
- Chest tightness 

- Depression 

- Fast heartbeat frequent or painful 
- Urination 

- Itching, pain, redness, or swelling on the skin 

- Joint or muscle stiffness, tightness, or rigidity 
- Stomach discomfort or pain 

(60) 

Interleukin (IL-6) 

 
Tocilizumab 

(DB06273) 

January 8, 

2010 

Intravenous infusion: 
every 4 weeks or 

subcutaneous injec-

tion: every 1-2 weeks 

- Increased plasma cholesterol 
- Elevated liver enzymes ALT and AST 

- SQ injection site reaction 

- Infusion-related reaction 

(62) 

 
Sarilumab 

(DB11767) 
May 22, 2017 

Subcutaneous injec-

tion: every 2 weeks 

- Neutropenia 
- Thrombocytopenia (low platelet count) 

- Increased risk of infection especially in the upper respiratory tract 

and urinary tract 
- Oral herpes 

- Hyperlipidemia 

- Injection site reactions such as pain or redness 
- Perforation of the digestive tract 

- Allergic reactions 

(63) 

Interleukin-1 (IL-1) 

 
Anakinra 

(DB00026) 
November 

2001 
Subcutaneous injec-

tion: daily 
- Increased risk of infection 

- Allergic reactions 
(64) 

T-cell      

 
Abatacept 

(DB01281) 

December 23, 

2005 

Intravenous infusion: 
monthly or 

Subcutaneous injec-

tion: Weekly 

- Increased risk of infection 
- Allergic reactions 

- There is an increased risk of malignancy, especially  

nonmelanoma skin cancer. 

(6) 

B-cell      

 
Rituximab 
(DB00073) 

November 26, 
1997 

Intravenous infusion: 
Every 6 months 

- Increased risk of infection 
- Risk of lymphoma malignancy 

- Reactivation of the hepatitis B virus 

- Allergic reactions and flu-like symptoms during the first infusion 
Bronchospasm Hypotension severe cytokine release syndrome 

(56,65) 
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ever, it is associated with an increased risk of infec-

tions and other side effects, such as infusion reactions 

and hepatitis B virus reactivation 56. 

Rituximab is a chimeric mouse/human mAb with 

the chemical formula C6416H9874N1688O1987S44 and a 

molecular weight of 144 kDa. There are 451 amino 

acids residues in the heavy chain of Rituximab and 214 

amino-acid residues in the light chain. The heavy and 

light chains are connected by a disulfide (S-S) bond. 

The heavy chains are connected by two S-S linkages 

and an additional 12 cysteine bridges in the molecule. 

Both the LC and HC of rituximab contain N-terminal 

glutamine (Q1) and form N-terminal pyroglutame. An 

important change that occurs in recombinant mAbs is 

the cleavage of the C-terminal lysine 57. Rituximab 

binds to the CD20 antigen. 
 

T cells 

Blockers of T-cell stimulation are another class of 

recombinant proteins approved for the treatment of 

RA. T cells are immune cells that play a crucial role in 

the development of RA by promoting inflammation 

and joint damage. Abatacept is currently the only ap-

proved T-cell costimulatory blocker for treating RA 6. 

It improves joint symptoms, slows disease progression, 

and eliminates the need for other medications. Howev-

er, it is still associated with an increased risk of infec-

tion and other side effects 36. 

Abatacept is a recombinant fusion protein that com-

bines the cell surface marker CTLA-4 with a fragment 

of immunoglobulin G. It links the extracellular domain 

of human cytotoxic T-lymphocyte-associated antigen 4 

(CTLA-4) to the modified Fc portion (hinge, CH2, and 

CH3 domains) of human immunoglobulin G1 (IgG1). 

Abatacept is a glycosylated fusion protein with a mo-

lecular weight of 92 kDa. It consists of two homolo-

gous polypeptide chains, each possessing 357 amino 

acids, and forms a homodimer structurally. It is con-

structed using recombinant DNA technology in mam-

malian CHO cells. 
 

Administration and side effects of approved recombinant 

proteins for rheumatoid arthritis 

The revolution created by recombinant proteins in 

providing targeted and effective therapies to reduce 

inflammation and treat RA cannot be ignored. TNF 

inhibitors, IL-6 inhibitors, IL-1 inhibitors, and B- and 

T-cell-targeted therapies have been proven to be effec-

tive in reducing disease activity. Improving joint func-

tion and slowing radiographic progression are effective 

in patients with RA. However, these factors are associ-

ated with significant costs and potential side effects. 

Therefore, it is important to consider the method of 

consumption and develop strategies to control the side 

effects of these drugs. In addition to cost, careful moni-

toring and management of side effects are essential to 

ensure the safety and effectiveness of these treatments. 

The typical administration routes and side effects of 

these drugs are presented in table 1 5. 

Conclusion 
 

Rheumatoid Arthritis (RA) is a complex autoim-

mune disease involving the interplay of genetic, envi-

ronmental, and immune factors. Significant progress in 

understanding the cellular and molecular basis of RA 

has led to the development of more targeted and effec-

tive treatments. Current treatments for rheumatoid ar-

thritis include Disease-Modifying Antirheumatic Drugs 

(DMARDs), biological agents, and small molecule 

inhibitors that target specific cells or cytokines in-

volved in  disease pathogenesis 2. However, future di-

rections for research on rheumatoid arthritis include 

identifying new therapeutic targets and developing 

personalized therapies based on an individual’s genetic 

and immune profile. Therefore, several recombinant 

proteins, such as TNF-α inhibitors, IL-1Ra, abatacept, 

and rituximab, are available for the treatment of RA. 

These proteins have been proven to be effective in re-

ducing the signs and symptoms of this disease. These 

drugs have revolutionized the treatment of rheumatoid 

arthritis by offering targeted therapies that can decrease 

inflammation and slow the progression of joint dam-

age. However, as with any other treatment, careful 

monitoring and management of side effects are neces-

sary to ensure the safety and effectiveness of these 

treatments 58. It is hoped that through further effective 

research conducted by experts in this field, the adverse 

effects of these drugs will be minimized, leading to 

self-sufficiency and independence in their production. 

 
Acknowledgement 

This review article is written based on the opinion 

of the corresponding author and coworker of the sec-

ond author. We are responsible for the content and any 

remaining errors, omissions, and inaccuracies. 

 
Conflict of Interest 

 

The authors declare no conflicts of interest associat-

ed with this manuscript. 

 
References 

 

1. Veale DJ, Orr C, Fearon U. Cellular and molecular 

perspectives in rheumatoid arthritis. Semin Immuno-

pathol 2017 Jun;39(4):343-354.  
 

2. Zhao J, Guo S, Schrodi SJ, He D. Molecular and cellular 

heterogeneity in rheumatoid arthritis: mechanisms and 

clinical implications. Front Immunol 2021 Nov 25;12: 

790122.  
 

3. Ishikawa Y, Terao C. The impact of cigarette smoking on 

risk of rheumatoid arthritis: a narrative review. Cells 

2020 Feb 19;9(2):475.  
 

4. Smolen JS, Landewé R, Breedveld FC, Dougados M, 

Emery P, Gaujoux-Viala C, et al. EULAR recommenda-

tions for the management of rheumatoid arthritis with 

synthetic and biological disease-modifying antirheumatic 

drugs. Ann Rheum Dis 2010 Jun;69(6):964-75. 
 



Soleimani Sasani M and Moradi Y 

 Avicenna Journal of Medical Biotechnology, Vol. 16, No. 3, July-September 2024  143 

5. West SC. Molecular views of recombination proteins and 

their control. Nat Rev Mol Cell Biol 2003 Jun 1;4(6): 

435-45.  
 

6. Blair HA, Deeks ED. Abatacept: a review in rheumatoid 

arthritis. Drugs 2017;77(11):1221-33.  
 

7. Klareskog L, Stolt P, Lundberg K, Källberg H, Ben-

gtsson C, Grunewald J, et al. A new model for an 

etiology of rheumatoid arthritis: smoking may trigger 

HLA–DR (shared epitope)–restricted immune reactions 

to autoantigens modified by citrullination. Arthritis 

Rheum 2006 Jan;54(1):38-46.  
 

8. Okada Y, Wu D, Trynka G, Raj T, Terao C, Ikari K, et 

al. Genetics of rheumatoid arthritis contributes to biology 

and drug discovery. Nature 2014 Feb;506(7488):376-81.  
 

9. Eyre S, Bowes J, Diogo D, Lee A, Barton A, Martin P, et 

al. High-density genetic mapping identifies new sus-

ceptibility loci for rheumatoid arthritis. Nat Genet 2012 

Dec;44(12):1336-40.  
 

10. Glyn-Jones S, Palmer AJR, Agricola R, Price AJ, Vin-

cent TL, Weinans H, et al. Osteoarthritis. Lancet 2015; 

386(9991):376-87.  
 

11. Sakaguchi S, Yamaguchi T, Nomura T, Ono M. Regula-

tory T cells and immune tolerance. Cell 2008 May 30; 

133(5):775-87.  
 

12. Cope AP, Schulze-Koops H, Aringer M. The central role 

of T cells in rheumatoid arthritis. Clin Exp Rheumatol 

2007 Sep 1;25(5):S4.  
 

13. Weyand CM, Bryl E, Goronzy JJ. The role of T cells in 

rheumatoid arthritis. Autoimmunity 2001:183-95. 
 

14. Edwards JC, Cambridge G. B-cell targeting in rheuma-

toid arthritis and other autoimmune diseases. Nat Rev 

Immunol 2006 May 1;6(5):394-403.  
 

15. Cassese G, Arce S, Hauser AE, Lehnert K, Moewes B, 

Mostarac M, et al. Plasma cell survival is mediated by 

synergistic effects of cytokines and adhesion-dependent 

signals. J Immunol 2003 Aug 15;171(4):1684-90.  
 

16. Berek C. [Do B cells play an important role in the 

pathogenesis of rheumatoid arthritis?] Z Rheumatol 2005 

Sep;64(6):383-8. German.  
 

17. Schröder AE, Greiner A, Seyfert C, Berek C. Dif-

ferentiation of B cells in the nonlymphoid tissue of the 

synovial membrane of patients with rheumatoid arthritis. 

Proc Natl Acad Sci USA 1996 Jan 9;93(1):221-5.  
 

18. McInnes IB, Schett G. The pathogenesis of rheumatoid 

arthritis. N Engl J Med 2011 Dec 8;365(23):2205-19.  
 

19. Gavrilă BI, Ciofu C, Stoica V. Biomarkers in rheumatoid 

arthritis, what is new?. J Med Life 2016 Apr;9(2):144.  
 

20. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, 

Bingham III CO, et al. 2010 rheumatoid arthritis clas-

sification criteria: an American College of Rheumato-

logy/European League Against Rheumatism collabora-

tive initiative. Arthritis Rheum 2010 Sep;62(9):2569-81.  
 

21. Hirano T. Interleukin 6 in autoimmune and inflammatory 

diseases: a personal memoir. Proc Jpn Acad Ser B Phys 

Biol Sci 2010;86(7):717-30.  
 

22. Mohan C, Assassi S. Biomarkers in rheumatic diseases: 

how can they facilitate diagnosis and assessment of 

disease activity?. BMJ 2015 Nov 26;351.  

23. van der Helm-van Mil AH, Verpoort KN, Breedveld FC, 

Toes RE, Huizinga TW. Antibodies to citrullinated 

proteins and differences in clinical progression of rh-

eumatoid arthritis. Arthritis Res Ther 2005 Sep;7:1-0.  
 

24. Welsing PM, Van Gestel AM, Swinkels HL, Kiemeney 

LA, Van Riel PL. The relationship between disease 

activity, joint destruction, and functional capacity over 

the course of rheumatoid arthritis. Arthritis Rheum 2001 

Sep;44(9):2009-17.  
 

25. Van Der Pouw Kraan TC, Wijbrandts CA, Van Baarsen 

LG, Voskuyl AE, Rustenburg F, Baggen JM, et al. 

Rheumatoid arthritis subtypes identified by genomic 

profiling of peripheral blood cells: assignment of a type I 

interferon signature in a subpopulation of patients. Ann 

Rheum Dis 2007 Aug 1;66(8):1008-14.  
 

26. Klareskog L, van der Heijde D, de Jager JP, Gough A, 

Kalden J, Malaise M, et al. Therapeutic effect of the 

combination of etanercept and methotrexate compared 

with each treatment alone in patients with rheumatoid 

arthritis: double-blind randomised controlled trial. Lancet 

2004 Feb 28;363(9410):675-81.  
 

27. Miriovsky BJ, Michaud K, Thiele GM, O'Dell JR, 

Cannon GW, Kerr G, et al. Anti-CCP antibody and 

rheumatoid factor concentrations predict greater disease 

activity in men with rheumatoid arthritis. Ann Rheum 

Dis 2010 Jul 1;69(7):1292-7.  
 

28. Di Matteo A, Mankia K, Azukizawa M, Wakefield RJ. 

The role of musculoskeletal ultrasound in the rheumatoid 

arthritis continuum. Curr Rheumatol Rep 2020 Aug;22:1-

2.  
 

29. Østergaard M, Emery P, Conaghan PG, Fleischmann R, 

Hsia EC, Xu W, et al. Significant improvement in syno-

vitis, osteitis, and bone erosion following golimumab and 

methotrexate combination therapy as compared with 

methotrexate alone: a magnetic resonance imaging study 

of 318 methotrexate‐naive rheumatoid arthritis patients. 

Arthritis Rheum 2011 Dec;63(12):3712-22.  
 

30. Quartuccio L, Fabris M, Pontarini E, Salvin S, Zabotti A, 

Benucci M, et al. The 158VV Fcgamma receptor 3A 

genotype is associated with response to rituximab in 

rheumatoid arthritis: results of an Italian multicentre 

study. Ann Rheum Dis 2014 Apr 1;73(4):716-21.  
 

31. Narváez J, Magallares B, Torné CD, Hernández MV, 

Reina D, Corominas H, et al. Predictive factors for 

induction of remission in patients with active rheumatoid 

arthritis treated with tocilizumab in clinical practice. 

Semin Arthritis Rheum 2016 Feb;45(4):386-90.  
 

32. Aletaha D, Smolen JS. The simplified disease activity 

index (SDAI) and clinical disease activity index (CDAI) 

to monitor patients in standard clinical care. Best Pract 

Res Clin Rheumatol 2007 Aug;21(4):663-75.  
 

33. Saleem B, Keen H, Goeb V, Parmar R, Nizam S, Hensor 

EM, Churchman SM, Quinn M, Wakefield R, Conaghan 

PG, Ponchel F. Patients with RA in remission on TNF 

blockers: when and in whom can TNF blocker therapy be 

stopped?. Ann Rheum Dis 2010 Sep 1;69(9):1636-42.  
 

34. Sivasankaran R, Mallesh P, Chikkaiah PB, Zuhadulla M, 

Bhagvath B. Association of serum interleukin 6 levels 

with clinical outcome of COVID-19 associated mu-

cormycosis. Int J Adv Med 2021;8:1319-22. 



144 

Rheumatoid Arthritis r-Proteins Therapy 

Avicenna Journal of Medical Biotechnology, Vol. 16, No. 3, July-September 2024     144 

35. Emery P, Breedveld FC, Hall S, Durez P, Chang DJ, 

Robertson D, et al. Comparison of methotrexate mono-

therapy with a combination of methotrexate and etan-

ercept in active, early, moderate to severe rheumatoid 

arthritis (COMET): a randomised, double-blind, parallel 

treatment trial. Lancet 2008 Aug 2;372(9636):375-82.  
 

36. Fraenkel L, Bathon JM, England BR, St. Clair EW, 

Arayssi T, Carandang K, et al. 2021 American College of 

Rheumatology guideline for the treatment of rheumatoid 

arthritis. Arthritis  Rheum 2021 Jul;73(7):1108-23.  
 

37. Rigopoulos D, Korfitis C, Gregoriou S, Katsambas AD. 

Infliximab in dermatological treatment: beyond psoriasis. 

Expert Opin Biol Ther 2008 Jan 1;8(1):123-33.  
 

38. Klotz U, Teml A, Schwab M. Clinical pharmacokinetics 

and use of infliximab. Clin Pharmacokinet 2007 Aug; 

46:645-60.  
 

39. Lim H, Lee SH, Lee HT, Lee JU, Son JY, Shin W, et al. 

Structural biology of the TNFα antagonists used in the 

treatment of rheumatoid arthritis. Int J Mol Sci 2018 Mar 

7;19(3):768.  
 

40. Oriama R, Mudida R, Burger-Helmchen T. A Multi-level 

Perspective to Biosimilars Development: Pathways To-

wards Incremental Innovation in the Health Bioeconomy. 

In: Transdisciplinarity 2022 Nov 14 (pp. 249-266). 

Cham: Springer International Publishing. 
 

41. Fleischmann RM, Alten R, Pileckyte M, Lobello K, Hua 

SY, Cronenberger C, et al. A comparative clinical study 

of PF-06410293, a candidate adalimumab biosimilar, and 

adalimumab reference product (Humira®) in the treat-

ment of active rheumatoid arthritis. Arthritis Res Ther 

2018 Dec;20:1-2.  
 

42. Houel S, Hilliard M, Yu YQ, McLoughlin N, Martin SM, 

Rudd PM, et al. N-and O-glycosylation analysis of 

etanercept using liquid chromatography and quadrupole 

time-of-flight mass spectrometry equipped with electron-

transfer dissociation functionality. Anal Chem 2014 Jan 

7;86(1):576-84.  
 

43. Smola MG, Soyer HP, Scharnagl E. Surgical treatment of 

dermatofibrosarcoma protuberans. A retrospective study 

of 20 cases with review of literature. Eur J Surg Oncol 

1991 Oct 1;17(5):447-53.  
 

44. Belei O, Dobrescu A, Iacob ER, Iacob D, Amaricai E, 

Marginean O. The role of molecular typing for DQ2 and 

DQ8 alleles using polymerase chain reaction ampli-

fication in children with autoimmune conditions. Rev 

Chim 2020;71(6):212-21. 
 

45. Moreland LW. Clinical and pharmacological experience 

with etanercept. Expert Opin Investig Drugs 1999 Sep 1; 

8(9):1443-51.  
 

46. Zhou SY, Shu C, Korth‐Bradley J, Raible D, Palmisano 

M, Wadjula J, et al. Integrated population pharmaco-

kinetics of etanercept in healthy subjects and in patients 

with rheumatoid arthritis ankylosing spondylitis. J Clin 

Pharmacol 2011 Jun;51(6):864-75. 
 

47. Smolen JS, Beaulieu A, Rubbert-Roth A, Ramos-Remus 

C, Rovensky J, Alecock E, et al. Effect of interleukin-6 

receptor inhibition with tocilizumab in patients with 

rheumatoid arthritis (OPTION study): a double-blind, 

placebo-controlled, randomised trial. Lancet 2008 Mar 

22;371(9617):987-97.  
 

48. Zulkiply NH, Ramachandran V, Muthukumarasamy R. A 

narrative review on the effectiveness of tocilizumab in 

reducing the mortality risk in covid-19 patients. Mala-

ysian Journal of Medicine and Health Sciences 2021: 

268-79. 
 

49. Abdallah H, Hsu JC, Lu P, Fettner S, Zhang X, Douglass 

W, et al. Pharmacokinetic and pharmacodynamic ana-

lysis of subcutaneous tocilizumab in patients with 

rheumatoid arthritis from 2 randomized, controlled trials: 

SUMMACTA and BREVACTA. J Clin Pharmacol 2017 

Apr;57(4):459-68.  
 

50. Boyce EG, Rogan EL, Vyas D, Prasad N, Mai Y. 

Sarilumab: review of a second IL-6 receptor antagonist 

indicated for the treatment of rheumatoid arthritis. Ann 

Pharmacother 2018 Aug;52(8):780-791.   
 

51. Wells AF, Parrino J, Mangan EK, Paccaly A, Lin Y, Xu 

C, et al. Immunogenicity of sarilumab monotherapy in 

patients with rheumatoid arthritis who were inadequate 

responders or intolerant to disease-modifying antirheu-

matic drugs. Rheumatol Ther 2019 Sep 1;6:339-52. 
 

52. Moretz D, Page J. Drug Class Update: Biologics for 

Autoimmune Conditions. 
 

53. Fleischmann RM, Schechtman J, Bennett R, Handel ML, 

Burmester GR, Tesser J, et al. Anakinra, a recombinant 

human interleukin‐1 receptor antagonist (r‐metHuIL‐ 

1ra), in patients with rheumatoid arthritis: a large, inter-

national, multicenter, placebo‐controlled trial. Arthritis 

Rheum 2003 Apr;48(4):927-34.  
 

54. Cavalli G, Dinarello CA. Anakinra therapy for non-

cancer inflammatory diseases. Front Pharmacol 2018 

Nov 6:9:1157.  
 

55. Negi K, Agarwal M, Pahuja I, Bhardwaj B, Rawat M, 

Bhaskar A, et al. Combating the challenges of COVID-

19 pandemic: Insights into molecular mechanisms, im-

mune responses and therapeutics against SARS-CoV-2. 

Oxf Open Immunol 2023 Jan 1;4(1):iqad001.  
 

56. Emery P, Deodhar A, Rigby WF, Isaacs JD, Combe B, 

Racewicz AJ, et al. Efficacy and safety of different doses 

and retreatment of rituximab: a randomised, placebo-

controlled trial in patients who are biological naive with 

active rheumatoid arthritis and an inadequate response to 

methotrexate (Study Evaluating Rituximab's Efficacy in 

MTX iNadequate rEsponders (SERENE)). Ann Rheum 

Dis 2010 Sep 1;69(9):1629-35.  
 

57. Smolen JS, Landewé R, Bijlsma J, Burmester G, 

Chatzidionysiou K, Dougados M, et al. EULAR re-

commendations for the management of rheumatoid 

arthritis with synthetic and biological disease-modifying 

antirheumatic drugs: 2016 update. Ann Rheum Dis 2017 

Jun 1;76(6):960-77. 
 

58. Beck A, Diemer H, Ayoub D, Debaene F, Wagner-

Rousset E, Carapito C, et al. Analytical characterization 

of biosimilar antibodies and Fc-fusion proteins. TrAC 

Trends in Analytical Chemistry 2013 Jul 1;48:81-95.  
 

59. Amin-Anaraki H, Kabiri-Samani S. Treatment of 

rheumatoid arthritis based on personalized medicine: a 



Soleimani Sasani M and Moradi Y 

 Avicenna Journal of Medical Biotechnology, Vol. 16, No. 3, July-September 2024  145 

new approach in rheumatology. Personalized Medicine 

Journal 2023 Mar 1;8(28):35-45.  
 

60. Scheinfeld N. A comprehensive review and evaluation of 

the side effects of the tumor necrosis factor alpha 

blockers etanercept, infliximab and adalimumab. J 

Dermatolog Treat 2004 Sep 1;15(5):280-94.  
 

61. Scheinfeld N. Adalimumab: a review of side effects. 

Expert Opin Drug Saf 2005 Jul 1;4(4):637-41. 
 

62. Preuss CV, Anjum F. Tocilizumab. I In: StatPearls 

[Internet]. Treasure Island (FL): StatPearls Publishing; 

2024 Jan. 2022 Sep 21. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

63. Bhandari S, Baral MR, Barbery M, Rudinskaya A, Sostin 

O. Hematologic side effects of biologics and kinase 

inhibitors used in rheumatologic diseases: a review of the 

current evidence. Ann Hematol 2022 Sep;101(9):1897-

904.  
 

64. Fleischmann RM, Tesser J, Schiff MH, Schechtman J, 

Burmester GR, Bennett R, et al. Safety of extended 

treatment with anakinra in patients with rheumatoid 

arthritis. Ann Rheum Dis 2006 Aug 1;65(8):1006-12.  
 

65. Onrust SV, Lamb HM, Barman Balfour JA. Rituximab. 

Drugs 1999 Jul;58:79-88.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


