
Abstract 

Rheumatoid arthritis (RA) is an incurable, chronic 
autoimmune disease that causes progressive 
damage of bones and synovial joints. Reactive 
oxygen species (ROS) play a role in the 
pathogenesis of the disease as oxidative stress 
and inflammation are present in individuals with 
an imbalance of ROS and antioxidants. 
Cytokines, specifically tumor necrosis factor 
(TNF), also contribute to the progression of RA 
by mediating the inflammation process. 
Antibodies and the citrullination of proteins also 
play a vital role in the autoimmune response 
seen in RA patients. Blood tests, which look for 
the presence of given antibody biomarkers, 
including rheumatoid factor and anti-cyclic 
citrullinated peptide, are the most common 
method used to diagnose RA. If the blood tests 
give a positive result, treatment is started 
immediately to slow the progression of the 
disease. Common pharmaceuticals include 
disease-modifying antirheumatic drugs, 
biological agents, and nonsteroidal anti-
inflammatory drugs (NSAIDs). 

Introduction 

Rheumatoid arthritis (RA) is a chronic 
autoimmune disease that causes inflammation 
at the synovial joints. Normal joints are 
surrounded by the synovium, a membrane that 
produces lubricating synovial fluid. In patients 
affected by RA, the synovium becomes inflamed 
and produces excess fluid, causing the joints to 
swell and feel warm to the touch. The major 
symptoms of RA occur during relapsing flare-
ups, often caused by over-exertion, during 
which patients experience joint pain, swelling, 
and fatigue. Over time, RA causes progressive 
destruction of bone and articular cartilage. 
Around 1% of the world’s population is affected 
by RA and women are 3 times more likely to 
experience symptoms than men. Overall, 
autoimmune diseases are more common in 
women, and it is speculated that the changes in 
estrogen after menopause contribute to the 
increased risk of RA, although the exact 
connection between estrogen and RA is not fully 
understood.1 

Historically, the first diagnosis of RA was made in 
1800. Today around 24.5 million people are 
affected. Symptoms usually onset between 
ages 40 and 50, so individuals often suffer from 
this disease for nearly half their lives. 
Additionally, treatment of RA and consequential 
disability has significant economic impact on 
patients and their families, as some more 
effective medications are not covered by 
insurance, and severe disability because of RA 
often prevents patients from working. As seen in 
Figure 1, the cost associated with RA increases 
with disease duration and declining health. 
These high RA-related costs are attributed to 
costs in professional time, testing, procedures, 
medication and hospital admissions.2 

Figure 1. Cost vs. Health Assessment Questionnaire (HAQ) 
score. The cost associated with RA increases with declining 
health (increasing HAQ score). The average RA-related costs 
per year was found to be $10,419.2 

 The exact causes and pathogenic 
mechanisms of RA are not fully known, but it is 
established that a combination of genetic and 
environmental factors contributes to its 
development. While there is no cure for RA, 
there is a benefit in early diagnosis and 
treatment in the disease course. The goal of 
pharmaceuticals used in the treatment of RA is 
not to cure the disease, but to control joint 
damage, prevent loss of function, and decrease 

Omnium: The Undergraduate Research Journal at North Carolina Wesleyan College  6 5

KAYLA LAVAN 
RHEUMATOID ARTHRITIS: PATHOGENESIS, BIOMARKERS  

AND PHARMACEUTICAL TREATMENTS



pain.3 Patients often benefit from a balance of 
rest and exercise and the use of joint braces.  

 The purpose of this paper is to review the 
pathogenesis, biomarkers, and pharmaceutical 
treatments of rheumatoid arthritis. Topics 
covered include the phases of progression, role 
of reactive oxygen species and antioxidants in 
oxidative stress, roles of cytokines and other 
inflammatory molecules in the progression of 
RA, importance of the citrullination of proteins in 
pathogenesis, and major biochemical markers 
identified via blood tests. Further, the primary 
prescribed medications will be discussed, 
including disease-modifying antirheumatic 
drugs, biological agents, and nonsteroidal anti-
inflammatory drugs. 

Causes and Phases of the Disease 

Causes of Rheumatoid Arthritis 

While the exact causes of RA remain to be 
elucidated, it is known that a combination of 
genetic and environmental factors contribute to 
the manifestation of symptoms. Genetic loci 
associated with the susceptibility and severity of 
RA include HLA-DR4 alleles, PTPN22, PAD14, 
CTLA4, and other cytokine and cytokine-
receptor loci.4 Occurrence of RA in a primary 
family member, such as a parent or sibling, 
makes an individual three times more likely to 
develop RA. 

 Environmental factors also contribute to 
the development of RA. The primary 
environmental factor that contributes to RA is 
smoking. Nicotine and cigarette smoke contain 
high concentrations of free radicals which 
increase oxidative stress and the levels of 
inflammatory cytokines in the body.5 The high 
levels of free radicals react with and impair the 
function of vital antioxidants, leading to an 
imbalance of antioxidants and reactive oxygen 
species. This imbalance, which leads to oxidative 
stress and joint damage, will be discussed in 
detail further on. Additionally, smoking causes 
the citrullination of proteins which leads to 
protein unfolding and loss of structure, another 
topic that will be expanded on when looking at 
the pathogenesis of RA.5 

 Other environmental causes of RA include 
infections by microorganisms including 
Porphyromonas gingivalis (periodontal disease), 
Proteus mirabilis (urinary tract infection), 
Epstein-Barr virus (infectious Mononucleosis), 
and mycoplasma.6 For instance, P. gingivalis 
contains peptidylarginine deiminase (PAD), an 
enzyme necessary for the citrullination of 

proteins and consequential loss of tolerance 
seen in the autoimmune response, a topic that 
will addressed later.6 As such, these microbes 
can initiate the autoimmune response seen in 
RA patients. 

Phases of Progression 

The three phases of RA include the pre-articular, 
transition, and articular phases (Figure 2). In the 
pre-articular phase, physical symptoms are not 
yet present. Instead, autoimmunity or the 
immune responses of an organism against 
healthy cells is detectable within an individual.4 
During this phase, the body produces antibodies 
specific for IgG (rheumatoid factor) and cyclic 
citrullinated peptides, both of which are 
biomarkers of inflammation in RA patients.4 
Further, major cellular components of the 
immune response, namely B and T cells, lose 
their tolerance during the pre-articular phase.4 
Tolerance is the process of eliminating cells that 
are autoreactive, thereby ensuring that the 
immune system does not attack self-peptides. 
As such, a breach in tolerance is seen in the pre-
articular phase, leading to the autoimmune 
response seen in RA patients. The autoimmune 
processes occurring during the pre-articular 
phase can last for many years before physical 
symptoms become present and the body 
transitions to the articular phase.4 

Figure 2. Phases and pathogenesis of RA. A combination of 
genetic and environmental factors contribute to the 
occurrence of RA in an individual. The progression of RA 
accompanies a transition from high levels of autoimmunity to 
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increased levels of inflammation. In the pre-articular phase, 
which can last for many years, autoimmunity causes an 
increase in the level of antibodies. The transition from the pre-
articular to articular phase, where physical symptoms begin to 
manifest, is not well understood.4 

 Once the body experiences the 
autoimmune response present during the pre-
articular phase, a trigger is necessary to onset 
inflammation at the synovial joints. This transition 
phase between the pre-articular and articular 
phases is not fully understood, but it is believed 
that a combination of biomechanical factors, 
neurological events, and altered articular 
microvascular functions is responsible.4 The 
following articular phase is characterized by 
chronic inflammation, joint destruction, and 
functional decline.4 Thus, the articular phase is 
where the characteristic symptoms of arthritis 
are evident.  

Pathogenesis of Rheumatoid Arthritis 

Reactive Oxygen Species and Antioxidants 

Many biochemical pathways are involved in the 
pathogenesis of rheumatoid arthritis. One such 
pathway involves reactive oxygen species (ROS), 
oxidative stress, and antioxidants. ROS are 
known to be involved in the pathophysiology of 
various diseases such as major depressive 
disorder, cancer, Alzheimer’s disease, multiple 
sclerosis, rheumatoid arthritis, and aging.7 While 
oxidative stress is the primary cause of some 
types of diseases, it is more common for 
oxidative stress to be secondary to the main 
disease pathway. ROS are a type of free radical 
that contain an oxygen with an unpaired 
electron, such as O2*- and *OH causing these 
molecules to be highly reactive.8 Other reactive 
oxygen species include non-radical derivatives 
of oxygen including H2O2 and HOCl.8  

 At certain levels, ROS are important in 
essential neurobiological processes; however, 
excess amounts of ROS can cause oxidative 
stress which often leads to damage of cellular 
components, proteins, lipids, and DNA.8 For 
instance, the hydroxyl radical (*OH) removes a 
deoxyribose hydrogen from DNA, leading to 
cleavage of the DNA, thereby inducing the 
strands to break.9 In unstressed conditions, the 
levels of ROS are balanced by antioxidants. 
These antioxidants react with the ROS, thereby 
reducing the reactivities of ROS. Common 
antioxidants include vitamins A and C, reduced 
glutathione, superoxide dismutase, catalase, 
glutathione peroxidase, glutathione reductase 
and glutathione-S-transferase.10 For instance, 
antioxidant superoxide dismutase (SOD) serves 

as an enzyme that increases the rate of 
dismutation (simultaneous oxidation and 
reduction that breaks down compounds) of the 
radical O2*-.8 Further, the antioxidant glutathione 
peroxidase serves as an enzyme that reduces 
H2O2, while oxidizing reduced glutathione (GSH), 
producing water and oxidized glutathione 
(GSSG) (Equation 1).  

Equation 1. 

Thus, enzyme antioxidants are necessary to 
balance ROS by reducing them and decreasing 
their reactivities.8 

 Excessive amounts of ROS are produced 
at sites of inflammation, leading to an imbalance 
in the body between ROS and antioxidants, 
causing oxidative stress. Tissue damage 
releases neutrophils, immune cells that travel to 
the site of infection and produce O2*-, H2O2, and 
HOCl, thus contributing to this imbalance of ROS 
and antioxidants.8 As such, a significant 
decrease in the levels of these antioxidants is 
observed when comparing individuals with RA 
to the healthy control.10 While mild oxidative 
stress is offset in the body by increased 
production of antioxidant enzymes and 
protective proteins, extreme oxidative stress 
leads to cellular and DNA damage.8 

 Patients with RA have been shown to have 
elevated ROS production, lipid peroxidation, 
protein oxidation, DNA damage, and impaired 
antioxidant defense, symptoms all associated 
with oxidative stress.10 In a recent study by 
Mateen et al. (2016), the production of ROS was 
monitored by performing a 2’,7’-
dichlorofluorescein-diacetate (DCFH-DA) assay 
on lymphocytes. A DCFH-DA assay utilizes a 
non-fluorescent probe that can easily cross the 
cell membrane.11 As seen in Figure 3, once 
inside the cell, the DCFH-DA probe is 
hydrolyzed to DCFH before reacting with ROS to 
produce DCF (dichlorofluorescein), a highly 
fluorescent marker.11 Thus, the levels of DCF 
present in an individual correlate with the 
quantity of ROS in the body. 
 When comparing the levels of DCF in 
control and RA patients, those with RA had 
significantly higher levels of DCF, indicating that 
they had higher levels of ROS (Figure 4).10 When 
comparing individuals with RA according to the 
duration of the disease, ROS production and 
DNA damage increased and levels of 
antioxidants decreased when comparing those 
who were newly diagnosed, had RA for less than 
2 years, and had RA for between 2 and 5 years 
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(Figure 4).10 This change over time shows the 
progressive nature of RA and its detrimental 
effects on the body. 

Figure 3. DCFH-DA assay reaction used to identify the 
presence of ROS. 1) DCFH-DA crosses the cell membrane and 
enters the cell. 2) The probe is hydrolyzed by cellular esterase 
to DCFH. 3) DCFH is oxidized to the highly fluorescent DCF by 
ROS. Thus, the more ROS present, the more DCF are 
detected.11 

Figure 4. Comparison of DCF between control and RA 
patients (left) and between patients depending on the 
duration of the disease (right). The levels of DCF indicate the 
presence of ROS in the body. Thus, RA patients are known to 
have higher levels of ROS. Further, levels of ROS have been 
found to increase over time, evidenced when comparing RA 
patients who were newly diagnosed, had RA for less than 2 
years, and had RA for between 2 and 5 years. This supports 
the hypothesis that RA is a progressive disease that increases 
in severity and physical symptoms over time.10 

Since it is known that RA patients have higher 
levels of ROS, it is expected that higher levels of 
DNA damage will be seen. ROS have genotoxic 
effects which lead to genetic mutations. The 
tumor suppressor gene p53 is activated 
because of DNA damage, causing the arrest of 
cell growth and allowing more time for DNA to 
repair. Alternatively, cells may undergo 
apoptosis if DNA damage is too severe. As such, 
ROS damage leads to either DNA repair or cell 
death.12  

 The role of ROS in the pathogenesis of RA 
is vital, as an imbalance between ROS and 
antioxidants causes oxidative stress which can 
lead to DNA damage and cell death. Other 
important molecules and processes involved in 
autoimmunity include cytokines, B and T cells, 
antibodies, and the citrullination of proteins. 
These molecules, including the antibody 
rheumatoid factor, anti-cyclic citrullinated 
protein, and C-reactive protein, are often used 
as biomarkers to identify and diagnose RA in 
individuals. These molecules, biomarkers, and 
pharmaceuticals used to treat RA patients will 
be discussed. 

Cytokines and Tumor Necrosis Factor 

Cytokines are small proteins secreted by cells of 
the immune system and are involved in cell 
signaling. It is known that various cytokines are 
present in the joints of individuals with RA and 
that they play a role in autoimmunity, 
inflammation, and articular destruction. These 
cytokines include tumor necrosis factor alpha 
(TNF-alpha), interleukin (IL)-6, and interleukin 
(IL)-1 beta.13 Macrophages primarily produce 
cytokines in the joints of affected individuals. 
More specifically, an imbalance between pro-
inflammatory and anti-inflammatory cytokines 
within the synovial tissue causes chronic 
inflammation and joint damage.4 Cytokines are 
present in each phase of progression and they 
mediate the autoimmunity and destruction of 
tissue seen in patients with RA.4 

 Cytokines interact with activated B and T 
cells, white blood cells that are vital in cell-
mediated immunity and are present in the 
synovial membrane of individuals affected by RA 
(Figure 5). B cells express antibodies that 
respond to specific antigens (foreign bodies that 
induce an immune response). In order to 
recognize foreign antigens and not attack self-
antigens, B cells must undergo maturation 
before becoming fully active. During maturation, 
B cells develop central tolerance, which 
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prevents them from being reactive to self by 
recognizing that self-antigens are not foreign 
microbes. The absence tolerance leads to 
autoimmune responses in which B cells 
recognize their self-antigens as foreign and 
attack themselves. Cytokines are known to 
regulate the phenotype of T cells in the 
synovium. As such, RA is often referred to as a T 
helper 1- and T helper 17-cell mediated disorder, 
meaning that the pathogenesis is driven by T 
cells that produce inflammatory cytokines and 
chemokines (cytokines that attract white blood 
cells to the cites of infection).4 The pathways 
involving B cells, T cells, cytokines and 
antibodies is seen in Figure 5. 

Figure 5. Interactions and pathways between B cells, T cells, 
cytokines, and antibodies. In the joints of RA patients, T cells 
induce macrophages to produce cytokines including MMP, 
IL-1B, IL-6, and TNF-α. Also, T helper cells induce B cells to 
produce antibodies including anti-cyclic citrullinated protein 
(CCP) and rheumatoid factor (RF). These inflammatory 
molecules contribute to the inflammation seen in the synovial 
joints.14 

 Tumor necrosis factor (TNF) is one such 
inflammatory cytokine produced primarily by 
macrophages in the synovial membrane during 
acute inflammation. It is known that TNF-α and 
its receptors are expressed in RA joint tissue and 
contribute to the overall inflammation process.15 
As seen in Figure 6, TNF-α induces the 
production of other inflammatory molecules, 
such as interleukin (IL) 1 and 6, along with 
chemokines.15 TNF-α also upregulates other 
integrins and adhesion molecules, such as E-
selectin and vascular cell adhesion molecules 
(VCAM-1), both of which mediate the adhesion 
of molecules to the endothelium during the 
inflammation process.15 As such, TNF blockers 
are currently being researched as 
pharmaceutical treatments for RA. 

Figure 6. Roles of TNF-α in RA. TNF-α, an inflammatory 
cytokine present in patients with RA, is produced primarily in 
the synovial membrane tissue by activated macrophages. 
TNF-α induces the production and upregulation of additional 
inflammatory molecules, namely IL-1 and 6, chemokines, and 
other integrins and adhesion molecules.15 

Citrullination of Proteins 

Citrullination is a post-translational modification 
associated with the autoimmune response in RA 
patients.16 With citrullination, the conversion of 
the amino acid arginine to citrulline is catalyzed 
by the calcium-enzyme peptidylarginine 
deiminases (PADs) (Figure 7). As a result, the 
peptide loses a positive charge and becomes 
more hydrophobic, thereby affecting its 
conformation, binding properties, and the 
function of the protein. 

  

Figure 7. In the citrullination of a peptide, the amino acid 
arginine group is converted into citrulline. This post-
translational modification is mediated by peptidylarginine 
deiminases (PADs) in the presence of calcium and results in 
an increase in the hydrophobicity of the peptide and a 
neutralization of the charge. Thus, protein unfolding, 
degradation, and reduction in intramolecular interactions is 
observed in citrullinated proteins. As a result, the proteins lose 
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their shape and function and the immune system no longer 
recognizes the protein, leading to autoimmunity.17 

 It has been suggested that the 
citrullination of proteins exposes unique 
epitopes, parts of the antigen molecules to 
which antibodies attach, that were not 
accessible on the cell surface prior to this post-
translational modification.16 Further, it has been 
hypothesized that no effective tolerance exists 
to these unique epitopes, thus stimulating the 
autoimmune response seen in RA patients.16 

Biochemical Markers 

RA is usually diagnosed based on symptoms 
and the presence of specific biomarkers which 
are frequently detected through blood tests. 
Common blood tests include rheumatoid factor, 
anti-cyclic citrullinated peptide, erythrocyte 
sedimentation rate, and C-reactive protein. 
Rheumatoid factor and anti-cyclic citrullinated 
peptide (anti-CCP) are antibodies produced in 
the synovial joints by macrophages during the 
pre-articular phase of RA. Rheumatoid factor is 
an antibody that works against IgG/IgM, 
immunoglobins produced when the immune 
system attacks healthy tissue, while anti-CCP is 
an antibody produced when inflammation is 
present. Thus, testing for rheumatoid factor and 
anti-CCP allows for early diagnosis of RA 
because they may be present in the body 
before the manifestation of physical symptoms.4 

 Further, erythrocyte sedimentation rate 
(ESR) is used to detect RA in patients by 
measuring the presence of inflammation. With 
ESR, a sample of red blood cells is placed in a 
glass tube and the rate at which the cells clump 
and fall together to the bottom is recorded. 
Because inflammation makes cells heavier, 
those with inflammation will have faster rates of 
sedimentation. Another biomarker of 
inflammation is C-reactive protein (CRP). CRP is 
a protein produced by the liver when 
inflammation is present. Similar to anti-CCP 
testing, CRP allows for the early diagnosis of RA 
since CRP levels increase even before 
symptoms develop.  

Pharmaceuticals 

While there is no cure for RA, treatments aim to 
improve symptoms, slow progression of joint 
damage, prevent loss of function, and control 
pain. Common pharmaceuticals are disease-
modifying antirheumatic drugs, biological 
agents, and nonsteroidal anti-inflammatory 
drugs. 

Disease-Modifying Antirheumatic Drugs 

Disease-modifying antirheumatic drugs 
(DMARDs) are prescribed to patients with RA as 
a first treatment option to slow disease 
progression. These drugs lower immune 
response within an individual, leading to 
decreased joint inflammation. DMARDs produce 
the best results when prescribed early in the 
progression of the disease and administered 
aggressively. DMARDs include methotrexate, 
hydroxychloroquine, sulfasalazine, and 
leflunomide. The most common DMARD, 
methotrexate (MTX), is widely prescribed 
because it is safe for use over extended periods 
of time.18 In a study looking at the safety of MTX 
over the course of 12 years, it was found that 
only 3.7% of patients stop MTX treatment due to 
liver toxicity.18 Common prescription of MTX 
requires the weekly injection or oral use of low 
doses to treat RA and inflammatory diseases. 
Between 7.5 and 40 mg of MTX is used weekly 
as a normal maintenance dosage.3 

 In the treatment of RA, not all DMARDs act 
through the same mechanism of action. The 
primary mechanism of action of MTX involves 
the enzyme dihydrofolate reductase. MTX 
competes with folate for binding sites on 
dihydrofolate reductase and irreversibly binds to 
the enzyme.19 As seen in Figure 8, MTX enters 
the cell where cytosolic folylpolyglutamate 
synthase modifies it by adding glutamate 
resides to produce methotrexate polyglutamate.
19 The glutamate-bound MTX is an analog of 
dihydrofolate and thus acts as a tight-binding, 
competitive inhibitor of dihydrofolate reductase. 
By binding to the enzyme in place of 
dihydrofolate, the conversion of dihydrofolate to 
tetrahydrofolate is prevented.19 By blocking the 
conversion to tetrahydrofolate, MTX prevents 
the formation of nucleotide precursors and 
stops production of DNA, RNA, and proteins, 
thereby slowing the proliferation of 
inflammatory molecules.19 

 Methotrexate has also been shown to 
relieve RA inflammation by decreasing the 
production of inflammatory cytokines.13 The 
drug does so by causing macrophages in the 
joints to enter a more tolerant state. This 
tolerance results in a decrease in the production 
of inflammatory cytokines, tumor necrosis factor, 
and synovial fluid.13 Macrophage tolerance was 
found to be dependent on the expression of the 
gene TNFAIP3, which codes for the protein 
A20.13 MTX increases the expression of A20, a 
suppressor of the transcription factor Nuclear 
Factor (NF-κB).13 NF-κB is translocated to the 
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nucleus during conditions of oxidative stress 
where it can either induce cytoprotective effects 
or activate other inflammatory cascades.20 So, 
by upregulating the expression of A20 and thus 
decreasing NF-κB, MTX reduces inflammation in 
the joints. Overall, in all mechanisms MTX works 
by immunosuppression to reduce the 
progressive joint and bone damage caused by 
the disease.  

Figure 8. Mechanism of action of methotrexate (MTX). MTX is 
a competitive, irreversible inhibitor of dihydrofolate reductase 
(DHFR) and thus serves as an analog of folate. The blocking 
of DHFR prevents the formation of tetrahydrofolate (THF) 
synthesis by stopping the conversion of dihydrofolate (DHF) 
to THF. As a result, the formation of nucleotide precursors is 
inhibited and the production of DNA, RNA, and other proteins 
is stopped.19 

  

Biological Agents 

Biological agents are often the second 
treatment option prescribed to patients with RA. 
A biological drug is a substance that is made 
from living organisms or their products that 
blocks specific inflammation pathways of 
immune cells.21 Biological agents are genetically 
engineered to behave like normal proteins in the 
immune system. As such, these agents are more 
expensive than DMARDs because the 
manufacturing process involving live organisms 
is more complicated and the materials required 
are more expensive. Additionally, biological 
agents are often associated with higher risks of 
infection and other side effects. As a result, this 
form of treatment is only prescribed if treatment 
with DMARDs has not begun to be effective 
after a period of three months. Common 
biologics include TNF-α blockers, IL-1 blockers, 
and IL-6 blockers.15 To increase the 
effectiveness of biologics alone, methotrexate is 
often prescribed in conjunction with TNF 
blockers.  

Adalimumab (Humira) is a common TNF blocker 
prescribed to patients with RA. As seen in Figure 

9, Humira is a genetically engineered human 
antibody that binds to TNF-α and prevents it 
from attacking healthy cells.15 Other TNF-α 
blockers include infliximab, entanercept, 
certolizumab, and golimumab.21 Additionally, IL-1 
blockers such as anakinra and canakinumab 
serve as competitive inhibitors of IL-1.22 By 
binding to IL-1 receptors and preventing the 
binding of IL-1, these blockers prevent the 
inflammatory response induced by the normal 
binding of IL-1.22 

  

Figure 9. Biological agents target pro-inflammatory 
molecules including TNF-α, IL-1, IL-6, IL-17, and antibody-
producing B cells. For instance, adalimumab (Humira) targets 
TNF-α, thereby halting the inflammatory cascade and 
reducing joint inflammation and destruction.21 

Nonsteroidal Anti-Inflammatory Drugs 

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
are medications that reduce inflammation and 
relieve pain. Common NSAIDs include aspirin, 
ibuprofen, and naproxen. The primary 
mechanism by which NSAIDs work involves the 
inhibition of cyclooxygenase (COX) which 
ultimately reduces the production of 
prostaglandins, molecules that cause 
inflammation, pain, and fever.24 As seen in Figure 
10, COX is responsible for performing the first 
step in the synthesis of prostaglandins by 
adding two molecules of O2 to arachidonic acid 
which further reacts to produce prostaglandin 
G2 and prostaglandin H2. NSAIDs prevent COX 
from functioning by binding to the catalytic site 
within a COX dimer (Figure 11). In doing so, 
arachidonic acid is blocked from entering the 
catalytic site, and prostaglandin synthesis is 
halted.25  
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Figure 10. Cyclooxygenase catalyzes the addition of two 
molecules of O2 to arachidonic acid. The cyclooxygenase 
reaction is followed by the peroxidase reaction where 
prostaglandin G2 is converted to prostaglandin H2. 
Prostaglandins produce inflammation, pain, and fever. NSAIDs 
inhibit COX from acting in the production of prostaglandins, 
thereby reducing inflammation and pain in RA patients.23 

Figure 11. Aspirin prevents the normal binding of arachidonic 
acid (AA) to the catalytic site, thus halting the production of 
prostaglandins. Normally, AA binds to the catalytic site and 
prostaglandin H2 (PGH2) is produced. The NSAID aspirin binds 
to and acetylates serine 529, thereby blocking the access of 
AA to the catalytic site. As a result, prostaglandins are not 
produced.25 

There are two isoforms of the COX enzyme: 
COX-1 and COX-2. COX-1 is produced 
constitutively in the body and contributes to the 
maintenance of stomach lining. COX-2 is a 
cytokine-induced isozyme that produces the 
prostaglandins responsible for inflammation and 
pain. Most NSAIDs inhibit both forms of COX 
which is undesirable because inhibition of COX-1 
can lead to gastrointestinal bleeding, kidney 
problems, peptic ulcers, and damage to the 
upper gastrointestinal tract.26 Thus, it is 
advantageous to take NSAIDs that selectively 
target COX-2. Coxibs, or COX-2 inhibitors, are 
slow tight-binding inhibitors that target COX-2 
and are desirable to treat inflammation caused 
by RA.27 Because of this selectivity, coxibs cause 
less stomach and gut irritation than other 
nonselective NSAIDs because they are not 

blocking the beneficial effects of COX-1.26 
Coxibs, such as celecoxib and meloxicam, are 
thus safer to use for extended periods of time 
because they are associated with lower rates of 
gastric ulcers and are generally preferred over 
traditional NSAIDs. While NSAIDs, specifically 
coxibs, are beneficial to individuals with RA 
because they decrease inflammation, pain, and 
stiffness, they do not treat the underlying 
disease. NSAIDs have no effect on the long-term 
disease course, and thus must be prescribed in 
addition to another pharmaceutical to prevent 
disease progression. 

Conclusion 

Overall, rheumatoid arthritis is an incurable 
autoimmune disease that affects 24.5 million 
people around the world. Further research is 
needed to elucidate the exact cause and 
biochemical progression of RA. It is known that 
ROS play a role in RA by causing oxidative stress 
when levels of ROS exceed that of antioxidants. 
Additionally, cytokines contribute to the 
inflammation process through cell signaling and 
the production and upregulation of other 
inflammatory molecules. Antibodies and the 
citrullination of proteins also contribute to the 
pathogenesis of the disease. RA is commonly 
diagnosed using blood tests that look for 
specific biomarkers associated with RA and 
general inflammation in the body. Finally, 
pharmaceuticals aim to slow the progression of 
the disease and reduce inflammation and pain. 
Research is needed to develop more effective 
pharmaceuticals that treat RA with fewer side 
effects. In the end, additional research is 
necessary to develop a drug that cures RA. ❖ 
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